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Foreword 

Few essentia11y technical works enjoy the enthusiastic response 
that greeted The Radio Amateur's V .H.F. Manual upon its intro
duction some three years ago. V.h.f. amateurs of a11 shades of skills 
and interests found it what the author intended it to be: " ... a 
book largely about things that work, and the principles behind 
them-a distillation of a generation of practical experience in the 
v.h.f. realm." The Manual quickly became a best seller, and it bas 
remained so to this day. 

Perhaps this success is explained by the fact that this is more 
than a reference book for the v.h.f. enthusiast. To illuminate the 
technical chapters to fo11ow, it includes the first detailed history of 
"the world above 50 Mc." ever written. It ex-plores the vastness and 
potential of the upper reaches of the radio spectrum, bringing to 
many readers a new appreciation of the true worth of this great 
radio resource. In terms understandable to the newcomer, yet use
ful to the experienced worker, it discusses the problems every 
v.h.f. enthusiast encounters, and spells out practical solutions. 

It abounds in equipment projects for the fellow who likes to 
build his own gear. This second edition has a number of solid-state 
items not available elsewhere, yet there is much that will be help
ful to the man who likes his equipment ready-made. There are 
some 70 pages of information on antennas, the worth of which is 
well substantiated by the outstanding records made by 'WlHDQ 
antennas" in Antenna Measuring Parties held all over the country. 
V.h.f. mobile work, techniques and practice for the microwaves, 
solutions for the v.h.f. man's TVI problems, simple test gear you 
can make and use effectively-these are more of the ways by which 
this Manual bas established itself as a major item on the list of 
ARRL publications. 

In launching Edition One we asked your help in making it a 
better book. We got it, in letters by the hundreds, largely fu)] of 
praise, but including many helpful suggestions and cri ticisms. 
These were studied carefully in preparing this Second Edition. 
As you glance through its pages for the first time, you'll note that 
there are quite a few new items. Upon more careful examination, 
it will be seen that the entire text has been gone over, word by 
word, line by line, to improve and update it in countless ways. We 
hope that you'll find it even more valuable than its predecessor. 

As before. it is the work of QSTs long-time v.h.f. editor, Edward 
P. Tilton, vVlHDQ. Contributions of many other dedicated v.h.f. 
men are gratefully ac1n10wledged in the text. 

J ORN HUNTOON 

Newington, Conn. General Manager, ARRL 



Ross A. Hull, v.h.f. pioneer, and QST Associate Editor, 1931-1938. 

Ross snw the potential of the then-uncharted world above 50 Mc. per
haps more clearly than any other man of his time. The technical excel
lenc.-e of his equipment designs and his enthusiasm in print and in person 
fired the imagination of a whole new generation of rndjo amateurs, among 
them the author of thjs book. His djscovery and eventual explanation of 
tropospheric bending of v.h.£. waves has been called "one of the truly out
standing cxnmples of scientific achievement by an amateur in any field of 
human endeavor." 
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Chapter 1 

How It All Started 
Those of us who make the frequencies above 

50 Mc. our principal stamping ground tend to 
think of v.h.f. as the "new frontier" of amateur 
radio. Actually it is as old as the art of radio 
communication itself. While universal use of the 
upper reaches of the radio spectrum is a fairly 
modern phenomenon, some of the earliest work 
with electromagnetic radiation, and perhaps the 
first nctual communicat ion by radio, were on 
wnvelengths near our present 2-meter band. 

The resonator of Heinrich Hertz, and the 
practical appHcations of it by Marconi, oper
ated around 150 ~fc. And if you think that the 
beam you are using is a recent development, 
consider the fact tha t Hertz used a rudimentary 
form of Yagi in 1888, and Marconi employed a 
parabolic reflector to extend the range of bis 
first equipment before the turn of the century. 
But Marconi and a generation of radio pioneers 
to follow him moved to the longer waves to 
achieve greater coverage. The ultra-high fre
quencies lay dormant for 20 years thereafter. 

The Drive for DX 

ARRL and QST had been in being for nearly 
ten years before frequencic~s higher than 15 Mc. 
were discussed in any detail. Transmitters using 
vacuum tubes had replaced spark rigs in the 
early '20s, and the unfold ing possibilities of DX 
on wavelengths below 200 meters caused ad
venturous amateurs to probe ever higher in fre
quency. Each move upward produced new 
miracles of DX, culminating in worldwide com
munication with low power-in daylight-when 
gear was finally made to work in the 14-Mc. re
gion. The next band then open to amateurs was 
at 56 Mc. I t was widely assumed that if worka
ble 5-mctcr gear could be built, this band would 
be even better for DX than 80, 40 and 20 me
ters had progressively h1rned out to be. 

Just getting there was thought to be the prin
cipal problem. Technical Editor R. S. Kruse 
pointed tl1e way in the October, 1924,. i5sue of 
QST, with "Working At 5 Meters," perhaps tl1e 
first v.h.f. constmctiona1 article ever published.l 
In the next few years much QST space would 
be devoted to 5-mcter gear, but trying to use it 
was a frustrating business. Transmitters were 
simple oscillators; stabilizalion of any kind was 
all but unknown, and not even considered for 
5-meter rigs. Receivers were regenerative detec
tors-hard to get going at all, and tl1en incredi
bly cranky to tune. Oscillators using debased 
tubes, mounted bottom-up to reduce lead in
ductance, and receivers with foot-long insula ted 
tuning shafts to hold down hand capacity, were 
the order of the day. The wonder was that hams 
of the middle Twenties made gear work on 7 or 
14 Mc., let alone 561 ~.a, ~ 
The footnol·es refer to the biblioJ,'l'nphy at the end of 
lbc chnptcr. - Editor. 
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This was c.w., remember. You had to chase a 
wandering signal with a receiver that was 
touchy beyond belief, even with stable signals. 
But 5-meter gear was made, and it worked after 
a fashion. When the first pioneers heard one an
other across town they were ready for a shot at 
Australia, or Europe. This technique hod 
brought results before on lower frequencies, 
why not on 56 Mc.? s Tlwn came several years 
of largely fruitless effort. There were scattered 
'11eard" reports, some rather dubious in the 
light of present knowledge of v.b.f. propagation, 
but rarely was there two-way communication 
over more than a few miles. 

By 1928, interest lagged. There were rum
blings of DX on our new band at 28 Mc. The 
DX drive tended to move lower in frequency, 
and for about two years the world above 50 Mc. 
was in11abited mainly by experimenters, rather 
than communicators. 

Short-Range Phone Does It 

Up to this t ime, most amateurs were code 
men. Phone was coming in, but it was frowned 
on ns wasteful of frequency and was often 

Working at S Meters 
By S. Kraa~, Technical Editor 

L AST m:unh l ..aid lhat ordi:iary 
mrthoU worked pc:rfkt.IJ wtn dm:':& 
t.o 20 ::tlt'ttt• b-.at epeclal care W&!. 
needed belo• tlaL Sine. that dmit 
bundrtd.a o! •t.aHoo.s bu• bte Wt>.N

lnc at .ao and SO meters, not 'tl'Y many ~t 
!O me·tt-rt-cnd \'cry fow indcff at 5 ~it.rs. 
Moat of t.be ~o t\nd 5 mtt.t:r work hat !ail~ 
bt(:auu or "" unirt.eac;y "'""• wMch could 
not. bo rtJld, altho . ,•crr i \.rong flt t he re-
tth•fl..:r. T he moul 11 to mako ci 5-wM.t tu be 
work 1t.t11dil)' r:alber than to mt1ke a 2!>0-
wAtl Lube work un.1teadily. 

c.uh1.a Oow11 
l alao ad\'lac:d the u.te of on• tube only. 

nta waaconecl•t .co mdton,t. •t.ill moM 

r 

~Ta 5::: .=:et:.l.1l. 11:~~ a 5:: 
<O"CpJed set and thtrdore no Ii.arm will 

:m::~tK~r.1:g;nc. :~n~~~.u~ 
n:aking the cboktt work w-tJI. 

Now Wt •re down to a vuy •mall helix, 
a.nd no cap.a.c.it)' VCCfJU. that or tbe tube
u n we nui.ke 1hlJ thing o.ciU&te? 

The Clrt-uh 
Tho oomplt ta clri:ult t. abown h\ Flt. 2. 

A little 1tudy \t'IU 1how lhla W) bic. the ume. 
circuit as in .F"ls. 1, with thl'!: addition of 
the radio fttqutnc1 chokr1 netded tO nate 
the tobe osca11at.e. 

To tell wbto tbt Hl (1 OKllt.ttlni: the 

In probably the fi rst v.h.f. constructional ortido over 
published, Technical Editor Kruse described a 5·meter 
oscillotor in Q ST for October, 1924. The oscillator tube, 
barely visible just lo the right of the tonk coi l, wo• o 
debased C·302 resting bottom-up on its gloss envelope. 
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treated as an unwanted stepchild. Then a few 
u.h.f. experimenters began modulating their 
rigs, and unwittingly triggered orr a boom that 
was to establish the 5-meter bnnd as des irable 
communications territory in the minds of a 
whole new generation. 

r«i-· -~ l"\Ci0t cDIL 0: 1\lti:I\) (At" toll fo..-.n 
,._);j._ eoi TO..., ~ 'TUeC a.'-X. 

Autodync receiver used by WBAZL in pioneering 5-
mcter work with WBPK and WBABX. V.h.f. adaptation 
of the supcr·regenerative detector, which wos to popu
lorizc v.h.f. operation in o big woy, was still a year 
owoy. From September, 1930, QST. 

The experience of early 5-mctcr phone ex
perimenters John Long, WSABX, and E. 0. 
Seiler, W8PK, was typical. They were working 
on 80 one night in the summer of 1030, when 
a thunderstorm not far awny made communica
tion difficult. W8ABX was runnin i,: his 5-meter 
ri!{ simultaneously, and when W8l'K listened on 
5 he found, to his amazement, that signals were 
far clearer than on 80. Here, for the first time, 
the 5-meter band was seen to have real worth: 
it would work over short paths with voice, when 
noise levels, high activity, or other adverse fac
tors were present on lower frcqucncies.5 

Receivers were still a bottleneck, however. 
T he regenerative receiver, critical enough on 
nny frequency, was an operntor's nightmare at 
56 Mc. Enter here the supcrrcizcnerntive de
tector. Invented years before, the superregen 
had not found much favor with mnnteurs.G It 
was useless for c.w., and its b rond frequency 
response and raucous audio quality gave it a 
bad name in voice work. But on 56 !I le., where 
there was band w;dth to burn, broad tunfog was 
almost a blessing. 

In retrospect we can see several factors com
bining to accelerate 5-meter interest as ham ra
dio moved into the Thirties. The wedding of 
I he modulated oscillator and the supcrregcnera
tive detector would start thini,:s rolling again. 
The modulated oscillator sounded nw£ul on se
lective receivers now in use on lower frequen
cies, and it used up more than ils share of high
p riority kJlocycles. But there was p lenty of room 
on 5, and the unstable signal didn't sound bad 
at nil when received on the broad-tuning "rush
box." 

HOW IT ALL STARTED 

Soon it was found tl1at these two castoffs had 
something else in their favor: If stations were 
not too close together in frequency, their trans
mitters and receivers could be operated simul
taneously. This was "duplex phone," a wholly 
new concept. Two hams could converse as easily 
by radio as over the telephone, or face to foco. 
Duplex wns r111 overnight sensation, with obvious 
advantages over c.w., nnd the monologue voice 
technique then used on lower bands. 

The ill wind of economic depression blowing 
across the land had made thousands of hams 
idle. With much time and little mone)r. they 
were ripe for a kind of hamming that could be 
carried on with makeshift gear, largely made 
by hand or with parts robbed from discarded 
radio receivers. Not only from junk sets, either; 
as 5-meter interest boomed, more than one fa m
ily's radio listening time was rationed, while the 
ham of the house reddened the plates of Typo 
45 or 7.lA tubes, lifted from the broadcast set 
for service in a 5-meter oscillator. Simple Jow
cost gear; duplex phone; the thrill of something 
new, yet wilhin the rcnch of nearly cveryone
thesc were magnets tl1at drew countless new
comers, including the author of these lines, into 
amateur radio in the earlv Thirties. 

As all through the history of the hobby, QST 
struck the spark. The July 1931 issue was fat 
with v.h.f. lures. Technical Editor Lamb had 11 
pages on u .h.f. oscillators,7 some working ns high 
as 400 Mc., where some farsighted administrator 
had set nsiclc a narrow band for amateur cx
perimcnturs. Associnte Editor Ross A:. Hull, who 
would become one of the v.h.f. man's legendary 
heroes, fanned tho Jlnme with down-to-earth 5-
meter receivcrs,H adding reports on mobile re
ceiving tests, for good measure. H ull's "Duplex 
Phone on 56 i\lc." in August 9 described more 
simple gear, and set forth the operating concept 
that was to build the fire to conflagration pro
portions. 

T he urge to work around the world was for
gotten; the aim now was to work across town, 

Cover pidure from August, 1931, QST shows the mod· 
uloted 0oscillator lron•mitter that helped trigger th o 5· 
meter boom of that eventful summer. Two 71 As in o 
push-pull oscillator were modulated by parallel 47s. 



Early DX 

reliably, on voice. If 5-meter wa,·es traveled 
oaJy io straight lines, then we would get up on 
the hills Lo extend our horizons. "Working port
able" became a great weekend outdoor sport 
wherever there were hams and mountains. Du
plex suggested voice relaying, and hilltop sta
tions worked up haywire patching systems, to 
hook vnliey dwelle rs up with stations tl1oy 
could not hoar direct. Message relaying nlso 
boomed, and on weekends, points as for apart as 
New York and Boston were connected by snap
py relay circuits, thanks to three or four hilltop 
portables along the way.10 

DX Again 

Almost from the first widespread 5-mctcr ac
tivity in tho summer of 1931, it was seen that 
signals did not always travel strictly in strn ight 
lines . .Stations not within pure line-of-sight r:rngo 

Another QST cover shot shows Managing Editor WlSZ 
hauling up the B·element beam that was lo ma ke S· 
meter history al Selden Hill in the foll of 1934. 

could communicate at times, and the degree to 
which this was possible was seen to vary. J311t 
most of 11s were too busy trying to improve our 
equipment to pay much attention to propaga
tion. Then, in the summer of 1934, Ross Bull be
gan experimenting with beam antennas.11 Ha11g
ing a stick-and-wire system of 4 half waves in 
phase, with reflectors, over the porch roof at 
Selden Hill, West Hartford, Ross fired up a 200-
watt oscillator and blazed away in the direction 
of Boston. Selden Hill was a line location, with 
a clear sweep across the Connecticut Valley, 
but it was less than 300 feet above sen level. 
The horizon, 12 to 20 miles di~tanl, was solid 
with hills 1000 feet and more in elevation, for 
50 mil.es or so, before the countryside sloped 
down to the coastal plain of Eastern Massachu
setts and J\hode Island. 

Th is sort nl: pnth had never been bridged on 
5 meters. T he best DX previously worked by 
Ross and his associate, ' VIANA, and members 
of the Headquarters Staff who worked witJ1 
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them at Selden Hill, had been a portable on a 
hilltop 35 m iles away. All hands were justifiably 
excited, therefore, wJien use of the new direc
tive array produced two-way contacts with many 
stations in Eastern New England, 75 to 125 
miles distant. 

Operating on a 24-hour basis, tJ1e gang soon 
found that although signals of some sort were 
nearly always receivable over at least 100 miles, 
there was a tremendous variation in level. A 
signal would alJ but block the receiver at 
times, and then a day, an hour, or even minutes 
later it would drop aJmost into the noise. 

Why? At this juncture what bad been littJe 
more than a lark to the enthusiastic Hull took 
on the aspects of a long-tenn challenge. He set 
up schedules around Lhe clock, and kept them 
religiously. H e scanned reams of data on all 
kinds of natural phenomena. Eventually he de
veloped a photogruphic rncording technique, es
pecially to compile a running record of the sig
nal variations of experimental station vVIXvV, 
.at the Blue Hill Observatory, near Boston. 
Hecords were plotted against lunar cycles, 
weather data, temperature and barometric pres
sure curves- anything lhat might affect 5-meter 
propagation.12 

'Ne won't attempt to retell tJ1e story here, 
for you can find it all in Ross' own words in 
QST. (See bibliography at the end of this chap
ter.) Read Hull's account for yourself, and see 
why his discovery of air-mass boundary bending 
of v.h.f waves, and eventual development of a 
theory to explain it, tu has heen called "one of the 
outstanding achievements by an amateur in any 
field of scientific endeavor." 

DX of a more remarkable variety was noted 
in the spring of 1935.14 One clay in May, 5-meter 
men in eastern cities were amazed to hear 
strangers in their midst; fellows signing W8 and 
W9 calls. Michigan, Ohio, Illinois-on 5 me
ters? Impossible-must be bootJeggers trying to 
pull a fast one! But conlncts were made and 
QSLs exchanged; tJ1c signals were genuine. It 
happened more often in 1936, and soon every
one was looking for 5-mctcr DX, as word spread 
like wildfire whenever the band opened up. 
Most contacts were hotwccen 500 and 900 
miles, with some out to l 200. A pattem for the 
propagation was evolved by Harvard Univer
sity's J. A. Pierce, WlJFO, in a scholarly analy
sis of 5-meter DX in September, 1938, QST.15 

In the same issue was the biggest DX news 
yet: details of a traoscontincntal QSO between 
\VlEYM, Fairfield, Conn., noel W6DNS, San 
Diego, Cal., a record that would stand as long 
ns we had the 5-meter band.16 Dr. Pierce 
chnrged this all up to spnrnclic ionization in the 
E region of tJ1e ionosphere, and pointed out 
some possible causes. lJis wrltings and those of 
Ross Hull are real milestones in the amateur's 
contribution to radio propagation ln1owledge. 
We can be proud th:1t they came years in ad
vance of similar work by scientific and govern
mental agencies. 
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Nathaniel Bishop, WlfYM, Fairfield, Conn., and Harold Hasenbeck, W60NS, Son Diego, Col., mode the 
first transcontinental 56-Mc. QSO, July 22, 1938. 

Meanwhile, v.b.f. was growing up. Power was 
increasing; receivers were getting better; beam 
nntonnas becoming common. QUM was getting 
worse steadily, and it became obvions that some
thing must be done. That "something" was the 
elimination of the broad signals radiated by un
stable transmitters, so that selective receivers 
could be used effectively. The day of the simple 
rig was drawing to a close, and effective De
cember, 1938, FCC required amateurs on the 
56-Mc. band to meet the tr:tnsmilter stability 
requirements imposed on lower frequencies. 
This brought a wonderful era lo an encl, but it 
started another. 

Two of the famous "Gil" cartoons in QST for Decem
ber, 1938, summed up the v.h.f. ospoch of new FCC 
rogula tlons then b ecoming effective . 

Simple Gear Moves to 112 and 224 Mc. 

Some 5-meter men saw in the stabilization 
regulations the death knell of their favorite 

band. A few gave up ham radio, rather than 
convert to tho more complex stabilized trans
mitters. Others dropped to lower bands. But n 
sizeable numbor moved higher, and picked up 
on 112 Mc. where they had left off on 56. Using 
largely the same techniques that had served so 
welJ on 5, tJicsc fellows and many newcomers 
went through a cycle of activity and develop
ment reminiscent of early 5-meter days. Almost 
anything that had been done on 5 was repeated 
on 2Jf, e.xcept for the worl..ing o~ long distances 
via ionospheric propagation. There was even 
considerable experimentation on lll, and inter
est in both bands was still rising at the time of 
the World Wor JI close-down, December, 1941. 
Freed of their severe QRM problem after 1938, 
5-meter workers concentrated . on improving 
receivers, transmitters, antennas and operating 
techniques. neliable operating ranges stretched 
out to 200 miles and more, for ·the better sta
tions. 

One more DX propagation mode would be 
brought to light before the wartime close-down. 
\Vho did it first, where, or when, is not pre
cisely known, but the first rumblings were heard 
in 1937. "Rumblings" is the right word, for 
these weird signals were characterized by ter
rific distortion, rendering modulation of any kind 
almost unreadable. Often the signal was little 
more than a rumble or roar. At first nobody 
knew what was up, but before long it was found 
that distortion and signal strength peaked when 
antennas were aimed north. Eventually this 
happened on a clear night, and all across the 
northern sky was seen the eerie glow of aurora 
borealisl Not much was known about the nature 
of the aurora then, but amateur 5-meter obser
vations were put to good use in studying it. Un
til the wartime cessation of activity, and again 
after 1945, amateur reports gathered by ARRL 
contributed in a significant way to increased un
derstanding of auroral phenomena.17 

The Modern Era 
Except for limited use of the 112-Mc. band 

in the Wur Emergency Radio Service, nll nma
teur activity came to an abrupt end on Decem
ber 7, 1941. Military communieations and radar, 



The Modern Era 

meanwhile, expanded nil through the spec
trum, employing frequencies and techniques 
hardly dreamed of by most hams. Especially in 
v.h.f. and microwaves great strides were made 
during the wnr period, and many among us 
doubted that ::unateur radio could evPr catch up. 
But hams were in the thick of it, in laboratories 
and in the field, and they learned their lessons 
well enough to be off nnd nmning when the 
war was over in the foll of 1945. A complete 
reshuffiing of our allocations had been made, 
and after n temporary start on the old bands at 
56 and 11 2 Mc., we moved to new assignments 
nt 50, 144, and 220 Mc. We also now had bands 
at 420 Mc. and at intervals all tluough the as
signed portion of the microwave spectrum. 
There was work to dol 

The change from 56 to 50 Mc. was especially 
intriguing, in view of the rising solar activity 
curve. Would the new band "open up" when we 
reached the top of the sunspot cycle a year or 
two hence? By now, scientists were making pre
dictions as to tl1e maximum usable frequency 
foi: F,-laycr propagation, but they were not 
overly optimistic. The best guess was that 50 
Mc. was a bit too hi,gh. 

Worfd·wide V.H.F. DX at Last! 
Fortunately, most v.h.f. men did not know 

about these predictions. Noting that British TV 
signals on 45 J\k. could be heard now and 
then, and hearing from keen observers across 
the Atlantic that American signals and harmon
ics were llltcring through in Europe on frequen
cies as high as 47 Mc. on occasion. amateurs.set 
up test schedules .in tl1e foll of 1946. On morn
ings when conditions appeared favorable, Amer
ican 50-Mc. men transmitted toward Europe, 
listening for replies on 28 Mc., there being no 
50-Mc. band in Europe. 

Just before noon on November 24, 1946, a 
test transmission by WlHDQ, West Hartford, 
Conn., brou~ht a frantic "I'm liearin~ you on 50 
megae11clesl" from G6DH, Clacton-On-Sea, Es
sex, England, and the first v.h.f. communication 
across the Atlantic was on. G5BY, near Plym
outh, heard the test at the same time, joining 
G6DH in tJ1e transatlantic cross-band QSO a 
few minutes later. Shortly after noon the same 
day, W4GJO, Orlando, Fla., worked W6QG, 
Santa Ana, Cal., for t11e first transcontinental 
50-Mc. F~-layer QSO. Pacific DX came in Jan
uary, 1947, when KHODD worked J9AAK, 
Okinawa, extending the 50-Mc. DX record to 
4600miles. 

In March, 1947, W4IUJ, West Palm Beach, 
Fla., worked OA4AE, Lima, Peru, thereby win
ning the Milwaukee Radio Club trophy for the 
first two-way intercontinental v.h.f. QSO, the 
cup having been resting at ARRL Headquarters 
for nearly ten years. Cross-band DX of phe
nomenal proportions came at about this same 
time, resulting from checks made by PA0UN 
and PA0UM witl1 ZSlP and ZSlT, 6000 miles 
to the south. August, 1947 brought a new two-
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way record, 5300 miles, between W7 ACS/KH6 
and VKSKL. 

Though not credited as such at the time, this 
probably was the first DX QSO via a propaga
tion medium that was to be exploited later on 
the Mexico-to-Argentina path. Around tl1e end 
of August, 1947, XElKE, Mexico City, began 
working LU6DO, Tempcrly, Argentina, and 
other LUs on 50 Mc. These contacts were made 
later in tho day than F.-layer predictions called 
for. Sometimes propagation lasted well into the 
evening hours, un un11eard-of thing on frequen
cies this high. Eventually labeled transequato
rial scatter, this mode of propagation rates as 
one of the outstanding discoveries in amateur 
v.h.f. history.18 

The New Bands Prove Their Worth 
Progress on 144 Mc. and higher frequencies 

was also notable in the early postwar years. 
Aided by the availability of the SCR-522 and 
other military communications units on the sur
plus market, 2-meter men converted largely to 
stabilized equipment and selective receivers, 
and operating ranges expanded rapidly. Tropo
spheric propagation was found to be more fa
vorable on 144 than on 50 Mc., and the record 
for two-way work was extended gradually, 

Eileen and Denis Heightmon of G6DH, British end of 
the first tronsotlontic v.h.f. QSO, November 24, 1946. 
Receiving Wl HDQ on 50 Mc., Denis replied on 28 Mc. 
The following yeor, operoting with special temporary 
authorization, G6DH was the l int British nation to 
work two-woy ocrou the Atlantic on 50 Mc. 
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Visual record of on historic achievement-the first amateur signals sent to the moon and back. After three 
years of work, Ross Bateman, W4AO, and William l. Smith, W3GKP, shown here checking alignment of the 
huge stacked-rhombic orroy at W4AO, finally received echoes of their 144-Mc. signal reflected from the 
moon. The date: January 27, 1953. 

reaching 1400 miles by 1951. Auroral communi
cation was found to be possible on 144, and this 
mode provided much exciting 144-Mc. DX. Ex
ploitation of the reflecting properties of ionized 
trails of meteors opened the way to more 2-
meter DX. Two leaders in this field were W4-
HHK, Collierville, Tenn., and W2UK, New 
Brunswick, N. J., who received the ARB.L 
Merit Award of 1955, for their oul~tanding me
teor-scatter work of 1953 and later. 

The 220-rvfc. and 420-Mc. bands had appeal 
for the experimentally inclined, and were soon 
shown to have great value for practical com
munications purposes as well. Development of 
efficient equipment and high-gain antennas 
showed that these bands were capable of re
liable coverage nearly approximating that of 50 
and 144 Mc. 

Making use of tubes and components largely 
snlvagcd from war-surplus radar and naviga
tionnl equipment, amateurs developed workable 
communications gear for all our microwave 

bands before the end of 1946, and in later years 
were able to extend communications distances 
o.ut to several hundred miles on nearly all our 
u.h.f. and s.h.f. bands. Development along these 
lines continues to this day. 

Intrigued by the possibilities of weak-signal 
work, amateurs made notable strides in utilizing 
various marginal modes of propagation such as 
moon reflection, ionospheric and tropospheric 
scatter, and even satellite communication. The 
first successful use of the moon for the reflection 
of amateur si&rnals was accomplished by W4AO 
and W3GKP in January, 1953.19 These two used 
advanced techniq ues on 144 Mc. to demonstrate 
that lunar communication was at least a possi
bility for amateurs. Two-way communication via 
the moon was n long time coming, and was 
finally achieved first on 1296 :tvlc. The work of 
WlBU and W6H.B in communicating over 2500 
miles by way of the moon in July, 1960, is a 
notable rnilestone.20 

Propagation know-how paid off markedly for 
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W6NLZ, Palos Verdes Estates, Cal., and KH6-
UK (also \l\12UK, mentioned above), Ka
huki.1, Hawaii, when they were able to work 
across 2500 miles of the Pacific on 144 Mc. in 
July, 1957.21 This was the longest path ever cov
ered by tropospheric means by any communica
tions service, and as such it achieved world-wide 
acclaim. Not satisfied , Chambers and Thomas 
went on in subsequent years to bridge the path 
on 220 and 432 Mc. T heir superb work won for 
them the Edison Award for 1960, the only in
stance in which this award was given for scien
tific accomplishment. 

Thus we have touched lightly on some high
lights of amateur radio's long history of pion
eering the use of frequencies once thought to be 
useless for any practical purpose. It is well for 
aU of us, hams of the present and future, that 
we have th is record of achievement behind us. 
In the years to come, the pressure on all fre
quencies above 50 )\lie. is certain to rise, as if it 
were not already high enough. Every kilocycle, 
even to frequencies only dreamed of a-.few years 
ago, is eyed eagerly by many users of the radio 
spectrum. \Ve have shown, from the earliest 
times, that it is good for everyone that amateurs 
have access to samplings of the radio-frequency 
spectrum, from bottom to top, whatever that 
may be. To continue to merit the confidence and 
support of the people and agencies who will 
decide future allocation of frequencies should 
forever remain one of our highest aims. 

Historical QST References 

i 'Vorkiltg 11t 5 M eters •.• Kruse, October, 1924. 
2 Pioneer Slwrt \Vave \Vork .. . Jones, 6AJF, May, 

1925. 
3 Ex1>crime ntc r's S1?Ctio11 ... 1925 to 1928. 
'Gear for w llvcle rrgt/1s doum to % nwter . • . Janu

ary, 1926; Augus t, 1927. 
~ Maki11g Practical Use of the 56-Mc. Band . .. Long, 

WSABX, Scptcmbc.r, 1930. 

John T. Chambers, W6NLZ, center, and Ralph Thomas, 
KH6UK, right, receive Edison Award trophies from 
General Eledric vice·pre>idont L. Berkley Davis, in 
Washington ceremony, Fe bruary 23, 1961. Award was 
in recognition of the transpacific communication by 
these outstanding amate urs on 144, 220 and 432 Mc. 

13 

The lint amateur microwave station. A. E. Harri>an, 

W6BMS/ 2 , and Reuben Merchant, WSLGF, built two of 
these •talion• and had them ready for communication 
on November 15, 1945, the day that our microwave 
bands were opened to amateur use. Frequency: 5600 

Mc. 

0 Su11errei.;cncr11tion . • • July through October, 1922. 
7 Development.• in U.H.F. Oscillators ..• Lamb and 

Hull, July, 1931. 
•Five-Meter lleccivi>tg Progress ... Hull, July, 1931. 
• D11111.er l'lwric 1>11 56 Mc . •.. HuU, August, 1931. 
10 Progres., report~ and tests . •• January, May, July, 

September, October, November, 1931. 
F undamental Crystal Control . . . April, 1932. 
F1m o n 5 M etcr,f . •• June, 1932. 
An All-Purpose 56-Mc. SU1tion ... December, 1932. 

Summarie,.; of ncr·ivity nppcnr throughout 1932 issues. 
Behavior of U.H.P. Waves •• • Jones, March, 1933. 
Graduating to Oscillator-Amplifier Transmitte rs for 

56 Mc . ... Griffin, W2AOE, May, 1933. 
Firing Up on tire Newly-Opened UT.tra-High Fre

quencies ... H\111, Scptnmber and November, 1934. 
n Extcrtding tlie Range of U.H.F. Stations . . • Hull, 

Octobe r and December, 1934. 
'"A ir-!lfoss Condit.ions and t11e Bcrtding of U .H.F. 

We<ves .. . Hull, June, 1935. 
H Air-Wave Dancling of U.H.F. Waves ••• Hull, 

]\fa)', 1937. 
H Five-Mater Signals Do tlie Impossible .. . August, 

1935, w:is first published report of authenticated 5-
mctcr skip. July issues of 1936 and 1937 contain sum
maries of reported DX. 

'" lntc rprct.lni.; 56-Mc. DX • . • Pierce, September, 
1938 (E-laycr theory) 

16 Furtlicr RC/)Qrts of 50-Mc. DX .•• September, 
1938. 

11 ~1oorc, "Aurorn nnd Magnetic Storms," June, 1951. 
ta Cracknell, '"'J'rt111scquatorial Propagation of V.H.F. 

Signals,'" December, 1959. 
·•• Tilton, '"Lunnr DX on 144 Mc.," March, 1953. 
'"September, 1960. 
"' September, 1957, p. 62. 
llegular coverage of the v.h.f. and higher hands, On 

tlte Ult ra-Rig/ts, bc)lan in December, 1939. La ter called 
The Worlcl Above 50 Mc., it has told the month-by
montb stocy of amateur v.h.£. progress ever since. 



14 Chapter 2 

A Vast Resource 
AMATEUR BANDS ABOVE 50 MC. 

The true extent of the frequencies assigned 
to amateurs above 50 Mc. is rarely understood, 
even by those who spend most of their operat
ing time there. Below arc listed all amateur 
v.h.f., u.h.f., and microwave bands, together 
with the emissions we may use in each. Some
thing of what these segments of the spectrum 
are good for will follow shortly. Let's just look 
at the table, first. 

50 to 54 Mc. 
50.0 to 50.l Mc.-Al ( c.w. telegraphy) only. 
50.1 to 54 Mc.-Al, A2 (tone-modulated 

telegraphy), A3 (amplitude modulation 
and narrow-band f.rn.), A4 (facsimile ). 

51.0 to 54 Mc.-A.a (unmodulated carrier; 
duplex communicntion ), plus above. 

52.5 to 54 Mc.-Wide-band f.m., plus above. 

144 to 148 Mc. 
144.0 to 147.9 Mc.-Afl, Al, A2, A3, A4, 

f.m. (wide-band or narrow-band ). 
147.9 to 148 Mc.-Al only. 

220 to 225 Mc. 
All above modes of emission. See U.S. Regs., 

97.61. 

420 to 450 Mc. 
All above modes, plus AS (television). See 

U.S. Regs., 97.61. 

1215 to 1300 Mc. 
All above modes. 

2300 to 2450 Mc. 
All above modes, plus pulse. 

3300 to 3500 Mc. 
All modes. 

5650 to 5925 Mc. 
All modes. 

10,000 to 10,500 Mc. 
All modes except pulse. 

21,000 to 22,000 Mc. 
All modes. 

40,000 Mc. and all higher 
All modes. 

Technician Class licensees may 11sc the en
tire 50-Mc. band until Nov. 22, 1968, 0 145 to 
147 Mc., and all higher amateur frequencies, 
with full amateur privileges. Novice Cl.ass may 
use 145 to 147 Mc., with crystal-controlJed trans
mitters only, with no more than 75 watts input 
to the final stage. Novice use of voice rescinded 
after Nov. 22, 1968. 0 All bands above 220 Mc. 
are shared with the Government Radio-Location 
Service, which has priority. Operntion in the 
220-Mc. band is restricted .in parts of Texas and 
New Mexico, and final-stage input in the 420-
Mc. band is limited to 50 watts in Florida, Ari
zona, and parts of Alabama, Texas, New Mexico, 
Nevada and California, as set forth in Part 97.61 
of the U. S. Regulations. Permission to use 1000 
watts may be obtained by amateurs in the re
stricted areas by individual application to FCC. 

°For full information on band subdivision by c13ss of 
license, see current edition of the A.R.R.L. License 
Manual. 

WHAT CAN WE DO HERE? 

In terms of kilocycles and potential occu
pancy by amateurs, this is a wor.l<l almost be
yond comprehension. As seen in Fig. 2-1, ama
teur bands from 80 through 10 meters, which 
carry most of the occupancy load, total 3300 
kilocycles- less than the width of any v.h.f. 
band. V.h.f. assignments include 13 Mc., or 
almost four times the frequency spread of 
all lower amateur bands combined. The 420-
Mc. band is wider thnn the entire spectrmn 
from d.c. to the top of the 10-meter band. Each 
band above 1000 Mc. is wider still. Our inabil
ity to show these flgurcs in scale is worth re
membe.ring when we worry over congestion in 
t11e amateur bands between 3.5 and 30 Mc.I 

Our historical review, Chapter 1, emphasized 
tl1e amateur's role in uncovering the tn1e worth 
of the v.h.f. bands. Our potential in this Reid is 
far from exhausted. Though great scientific 

strides have been made, by no means all is 
known of the ways by which sig1mls in the v.h.f. 
and higher frequency ranges are propagated to 
distant points. Nature still surprises even tl1e 
best-informed amateur, and admittedly this is a 
factor in the appeal of the world above 50 Mc. 
Knowing something of propagation media we 
can, however, take advantage of the opportu
nities nature affords us, and we will enjoy our 
work more and do it better than if we merely 
take what comes our way, without question or 
observation. Here are some propagation tips, 
band by band. 

50 Mc. 
Perhaps no band is more interestingly placed 

in the radio spectrum than this, from tlie stand
point of propagation vaga.ries. Working in bor
derline territory between the "DX bands" and 
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Propagation by Bands 

those normally considered useful mainly for lo
cal communication, the 50-Mc. enthusiast sam
ples both worlds. Though DX is not his daily lot, 
he will see, at one time or another, nearly every 
.known form of long-distance propagation. His 
reliable range with moderate power and rela
tively simple equipment is likely to equal any
one's, for the 50-Mc. region is less susceptible 
than lower frequencies to adverse effects that 
tend to break up or impair communication. Con
sistent coverage over a radius of 100 miles or 
more is not unusual, and this can be extended 
considerably by use of optimum equipment and 
communications techniques. 

Variety is frequently afforded by tropospheric 
bending, which extends local coverage by two 
to three times the normal. Sporaclic-E skip of
fers DX in the range of 400 to 1200 miles or 
so, and multiple-hop effects may extend this up 
to 2500 miles or more on occasion. Auroral prop
agation to all distances up to .1000 miles is 
fairly common in the high latitudes. DX via t he 
F2 layer may be possible during the peak years 
of the sunspot cycle, providing contacts at dis
tances of 2000 miles and more. F.-wyer back
scatter fills in the shorter distances at these 
times. Ionosplwrlc scatter and reflections from 
meteor trails afford the pro6cient operator 
chances for work over 600 to 1200 miles on 
a regular basis on 50 Mc. Transequatorial prop
agation is good for several thousand miles, in 
low latitudes and in periods of high solar activ
ity. More about each of these modes later. 

144 Mc. 
Except that it lacks some of the long-distance 

ionospheric possibilities, the 144-Mc. band i:rnot 
unlike 50 Mc. Tropospheric propagation tends 
to improve with frequency, so 144 Mc. is su-

LJ 7·7.3 Mt.. 

c::::J 14-14.3~ Mc. 

(::=I z1-21.4~Mc. 

I ie -29.7 Mc. 

TOTAL OF ALL H.F. BANos: 3.3 Mc. 

,0 - , 4 Me. 4 MC. 

144 - 148Mc. 4 Mc. 

'Mc. 

TOTAL OF ALL V,H.F. BANOS: 13Mc. 

lu 1it~I Al.l. H.f , BANDS 

._ __ l'-"3_M_c. __ ~I All V, M,F, SANOS 

I 420 - We" 8ANO 30 w e. 

TOTAL OF ALL BANOS ABOVE IOOOMc.:2220 Mc. 
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perior to 50 in this respect. Whereas tropo
spherically-propagated 50-Mc. signals aro sel
dom heard beyond 300 miles, 144-Mc. work 
out to 500 miles or more by this mode is fairly 
common. Up to 1400 miles over land and 2500 
miles over water have been covered by tropo
spheric bending on 144 Mc. 

Sporadic-E skip is rare on 144 Mc., thou.gh 
lack of alert observers in the more fovurnble 
areas may have caused us to miss some 144-Mc. 
DX opportunities of this kind in the past. Auro
ral propagation is quite similar to 50 Mc., except 
that borderline conditions may show on the 
lower frequency and not on 144 Mc. Distances 
up to 1300 miles have been covered, but 200 to 
700 miles is most common. Use of c.w. is almost 
a necessity because of the high degree of dis
tortion produced by the auroral reflection. 

Of the rare modes, meteor scatter and tropo
spheric scatter have been most e:1.1Jloited by 144-
Mc. operators. Each requires fairly high trans
mitter power, skill in the use of c.w., and the 
best possible receivers and antennas. Commu
nication by way of the moon is just possible on 
144 Mc., and consi.derahle progress was made in 
e.m.e. work in the 1960's by W6DNG, K6MYC, 

VK3ATN and others. Similar techniques 
employed with man-made reflecting 
satellites show some promise. 

220 Mc. 
This band is similar to 144 Mc. in its tropo

spheric propagation possibilities. The overland 
record is about 900 miles, and the 2500-mile 
path from the West Coast to Hawaii has been 
bridged with good signals. No ionospheric prop
agation has been observed. Auroral conditions 
are less favorable than on 144, but some DX of 

fig . 2· 1-Amoteur bonds ot the upper end of the r.f. spectrum defy portroyol in scale. At the top ore our 
h.f. bonds, which total 3300 kc. (3.3 Mc.) in width. Next below, on the some scale, ore the three omotour 
v.h .f. bonds, each wider thon a ll h.f. bonds combined. 

A now scale is needed to •how these bonds in relation to our 420-Mc. band, and this in turn foils to 
indicate tho scope of a mateur a ssignments above 1000 Mc. These would require 70 strips the si.:o of tho 
one shown for the 420-Mc. bond, which is itself wider than the whole r.f. spectrum from d.c:. through 30 Mc.I 
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this kind has been worked, mostly under 700 
miles. At this writing, no amateur work via the 
moon or sntellites has been done on this hand, 
but possibilities appear at least equal to those 
on 144 ?>.fo. More universal activity is ne<'dcd on 
this and all hi,gher amateur bands to assess their 
real worth for long distances. 

420 Mc. 
Exploita tion of this band suffered because of 

the power restricl'ions imposed until recently, 
but it is known thnt tropospheric possibili ties 
arc excellent. The terrestrial two-way record, 
1150 miles across the Gulf of Mexico, is an ex
ample. The West-Coast-to.Hawaii path hns hccn 
covered one way on 432 ~le. with strong signnls. 
Lunar and satellite possibilities appear better 
than on lower frequencies, and distances ns 
great as New E ngland to Hawaii and California 
to Europe have been covered, by way of the 
moon. 

1215 Mc. 
Though largely unexploited by amateurs thus 

far, the frequencies above 1000 Mc. offer vast 
opportunities for interesting work. Here is the 
tme "frontier"-a world we must explore if the 
trndil ions of amateur pioneering are to be mnin
tnii'lccl. Distances op to 400 miles have been 
·worked on 121.5 Mc. with low power under 
conditions of tropospheric bending, and much 
greater distances certainly are possible. Reflec
tion from the moon shows great promise; see 
records listed below. Though complex and ex
pensive equipment is needed, results indicate 
tlrnt any two points on the earth's surface where 
the moon can be seen simultaneously nrc not 
beyond the possible rnnge of this mode of 1215-
Mc. communicalion. 

2300 Mc. and Higher 
Amateur experience in our microwave bands 

is too meager to permit us to assess their true 
potential Distances beyond line of sight have 
been covered on nJI amateur frequencies 11p 
through 10,000 Mc., indicating the presence of 
tropospheric bending. Necessity for use of high 

.... 

A VAST RESOURCE 

antenna gains with resultant sharp beam pat
terns, almost rules out the random operation 
that characterizes amateur radio on lower fre
quencies. Our microwave assignments have tre
mendous potential for point-to-point communi
cation, and they might well supplement lower 
frequencies for scheduled work. 

Use of pulse modulation is one means hy which 
tho microwaves can be put to practical use by 
amatems th is being usable on all our frequen
cies above 2300 Mc. except in the 10,000-Mc. 
band. 

The existing DX records for each of our bands 
above 50 Mc. are listed below: 

Terrest rial Two-Way Records 

50 Mc.: LU3EX-JA6FR 
12,000 Miles-March 24, 1956 

14•' Mc. : W6NLZ-KH6UK 
2540 Miles-July 8, 1957 

220 Mc.: W6NLZ-K.H6UK 
2540 Miles-Juue 22, 1959 

4.20Mc.: W5LUU- WA4KFW 
1150 Miles- April 13, 1965 

1215 Mc.: W6DQJ/6- K6AXN/6 
400Miles-June14, 1959 

2300Mc.: WlEHF/l- W21lVU/l 
170 Miles-July 13, 1963 

3300 Mc.: W6IFE/6-W6VIX/6 
190 Miles-June 9, 1956 

5650 Mc.: WA6KKK/ 6-WB6JZY/6 
179 Miles-October 15, 1966 

10,000 Mc.: W7JIP/7-W7LHL/7 
265 Miles-July 31, 1960 

21,000 Mc.: W2UKL/2-WA2VWI/2 
27 Miles-Oct. 24, 1964 

E.M.E. Two-Way Records 

144 Mc.: VK3ATN- K2MWA/2 
10417 J\.files- Nov. 28, 1966 

420 Mc.: WA6LET- G3LTF 
5370 Miles-Sept. 25, 1965 
1215Mc. : WlBU-KH6UK 
5092 Miles-August 9, 1962 
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PROPAGATION BEYOND THE HORIZON 

Radio waves travel in straight lines unless 
forced to do otherwise. In some respects, v.h.f. 
waves are less easily reflected than waves of 
lower frequency, so consistent v.h.f. communi
cation with low power tends to be essentially 
local in character, covering only slightly more 
than line-of-sight distances. There are many 
ways by which the wave energy may be re
flected, refracted or scattered, however, and the 
v.h.f. man will do well to become familiar with 
the principal ones at least. Some are shown in 
Fig. 2-2. 

Tropospheric Bending is the most common 
form of v.h.f. DX.l Though observable on all 
radio frequencies, it is most pronounced in the 
v.h.f. range and higher. It is the result of change 
in refractive index of the atmosphere at the 
boundary between air masses of differing tem
peratme and humidity characteristics. These 
boundaries occtu in the first few thousand feet 
above the earth, so their effect is most prevalent 
at distances under about 150 miles, though it 
may extend much farther. 

Air masses often move on a very large scale, 
retaining their original character over consider
able periods of time. A large mass of cold air 
of polar origin may be overrun by warm air 
from the south. When this happens, an inver
sion is said to e;-.ist, the normal state of affairs 
being a 3-degree drop in temperature for each 
1000 feet of altitude. Such a boundary may 
prevail for 1000 miles or more along a more
or-less stationary weather front, producing 
amazing DX in the v.h.f. and u.h.f. ranges. 
There is an easily-observed tie-in between v;si
ble weather conditions and v.h.f. coverage.2 
Daily weather maps published in many news
papers and often shown in rudimentary form in 
television weather broadcasts may help the 
v.h.f. enthu~iast to anticipate favorable propaga
tion.3 Detailed weather maps may be obtained 
from the U. S. Weather Bmeau on a subscrip
tion basis. 

Tropospheric bending is most common in fair, 
calm weather of the warmer months, though it 

Fig. 2-3-A readily available guide to tropospheric 
propagation conditions is a weather map, showing pres
sure distribution and frontal lines. On the October day 
that this map appeared in eastern newspapers, the 
2·meter band was open from Nova Scotia to at least 
North Carolina for several hours. 

can occur at any season. Ahnosphcric convec
tion in coastal areas, over the Great Lakes Ba
sin, or in the valleys of major rivers, produces 
the required stratilication of air, making these 
regions somewliat more desirable v.h.f. territory 
than irregular mountainous terrain, far inland. 
Though the experienced meteorologist would 
caU the following advice an ovcr-simpHilcation 
of a complex picture, the v.h.f. man should 
watch for slow-moving areas of high barometric 
pressure, and concentrate on the trailing edges 
of such areas. See Fig. 2-3. Such favorable con
ditions are most often observed in the early fall 
months. 

Fig. 2-2- The principal means by which v_h.f. 
signals may be returned to earth, showing 
the approximate distances over which they 
are effective. The F, layer, highest of the re-
flecting layers, may provide 50·Mc. DX at 
the peak of the 11-year sunspot cycle. Such 
communication may be world·wide in scope. 
Sporadic ionixation of the E region produces 
the familiar "short skip" on 28 and 50 Mc. 
It is most common in early summer and late 
December, but may occur at any time, and 
regardless of the sunspot cycle. Refraction of 
v.h.f. waves also takes place al air-mass 
boundaries, making possible communication 
over distances of several hundred miles on 
all v.h.f. bands. Normally it exhibits no skip 
zone. 



18 

What is known ns the U. S. Standard Atmos
phere curve 1 is shown in Fig. 2-4, left. The 
solid line is the normal decrease in tempera
ture with height. The broken line ~hows 11 relo
tive humidity of 70 per cent, from ground to 
12,000 feet. Figures in parenthesis arc the rntio 
of grams of water vapor to kilograms of air, 
called the mi.ting ratio. No tropospheric bend
ing would be observed under these conditions. 
At the right are upper-air readings of an inver
sion over Toledo, Ohio, on a September evening 
some years ago. On this occasion 2-meter si~nnls 
were traversing the 750-mile pnth from North
ern New Jersey to the Chicago area. 

Particularly over water in the lower latitudes, 
and less often over land areas, something ap
proximating a duct may form, in which v.h.f. 
waves are propagated over very long dis tances, 
following the curvature of the earth in the man
ner of u.b.f. energy within a waveguide. This 
ducting has accounted for much of our extreme 
v.h.f. and u.h.f. DX. Notable examples are the 
spanning of the Pacific from Southern California 
to Hawaii on 144, 220 and 420 Mc. by W6NLZ 
and KH6UK.5 achievements which must always 
rank among the most significant in amateur v.h.f. 
annals. 

Tropospheric communication on 144 Mc. 
along the Atlantic Seaboard over distances as 
great as New England to Florida, and overland 
contacts up to 1400 miles, are also products of 
tropospheric ducting. Scientific investigations 
over the South Atlantic have shown ducts cap
able of propagating signals on frequencies even 
below 50 Mc., but true ducting is rnre in ama
teur e:1.-perience below 144 Mc. It occurs most 
often in the i.dt.f. region, and extensive occu
pancy of the amateur bands above 400 Mc. 
should enable us to exploit its possibili ties more 
fully in years to come. 

Sporadic-E Skip results from reflection of 
v.h.f. waves by de~c patches of ioniz.'ltion in 
the E region of the ionosphere, roughly 50 
miles above the earth. Causes are still not com-
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A VAST RESOURCE 
pletely understood and its occurrence is pre
dictable only in a general way, but its effects 
are well known to generations of v.h.f. enthu
siasts.a Lnyor height ond electron density de
termine the skip distance, but 50-Mc. propaga
tion is most common over distances of 400 to 
1200 miles. Often signals arc very strong, 
though they may vary rapidly over quite wide 
ranges. Ionization may develop simultaneously 
in several nrcas, making multiple-hop propaga
tion possible and extending the working range 
to as much as 2500 miles. Signals are usually 
heard from intermediate distances at such times. 

E-layor v.h.f. propagation is most common in 
the months of May, June and July. There is a 
shorter season in December and January, and the 
effect may occur at random times throughout 
the year. The long and short seasons are re
versed in the southern hemisphere. Duration 
and extent of E, openings tend to be greater 
in the long season. June is the peak month or
dfoarily, with country-wide openings lasting for 
many hours at a time at this season. The early 
evening and before-noon hours arc most pro
ductive. 

The upper-frequency limit for sporadic-E is 
not known. It is observed fairly often up to 
about 100 Mc., and scattered instances occur 
in the 144-Mc. band. Increased activity on 144 
Mc. has enabled amateurs to observe the effect 
in this band more often in recent years. Ioniza
tion develops rapidly, with effects showing first 
on lower frequencies. Observation of the 28-Mc. 
band, or commercial frequencies between 30 
and 50 ~ l c.,7 will usually give the 50-Mc. en
thusiast some advance notice of an impending 
opening. Similnrly, the condition of the 50-Mc. 
band or the v.h.f. f.m. or television frequencies 
may give clues as to the possibility of 144-Mc. 
propagation.S 

As ionization density increases and the maxi
mum usable frequency rises, the skip distance 
on u given frequency shortens. Thus, very short 
skip on 50 Mc. may portend a 144-Mc. opening. 
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Fig. 2·4- Upper-oir conditions thot produce oxtendod-ronge communicotion on the v.h.f. bonds. At the left 
is shown the U. S. Standard Atmosphere temperature curve. The humidity cu rve (dotted) is that which would 
result if the relative humidity were 70 per cent from the ground level to 12,000 feet elevation. There is 
only slight refractior> under this standard condition. At the right is shown a sounding that is typical of 
marked refraction of v.h.f. wa ves. Figures in parentheses are the "mixing ratio" - g ra ms of water vapor per 
ki logram of dry air. Note the sharp break in both cu rves a t a bout 4000 feel . 



Auroral Phenomena 

The alert observer should watch for short 50-
Mc. skip near the midpoint of a potential 1200-
to-1400-mile path, as the best indication of a 
144-Mc. DX chance. Hearing a 50-Mc. station in 
Cincinnati working another in St. Louis, for ex
ample, would be a good omen for a 144-Mc. op
erator in Washington, D. C., indicating the pos
sibility of 2-meter propagation to Oklahoma 
City or Wichita. Plotting observed skip on a 
map of the United States will help one to grasp 
the significance of what he hears. 

Like most other v.h.f. DX modes, sporadic-E 
skip was discovered by amateurs (sec Chapter 
1) and it quickly became a popular sport among 
5-meter men of the 1930s. To commercial users 
of the v.h.f. spectrum it is known muinly for its 
nuisance value, but to 50-Mc. men it is tbe DX 
mode supreme. Though the number and quality 
of openings vary somewhat from year to year, 
E, propagation does not appear to be closely 
related to sunspot activity. 

Auroral Propagation involves reflection of 
v.h.f. waves from the auroral curtain in the 
northern skies,9 usually at acute angles. It is 
most common at 50 and 144 Mc., the number 
and duration of openings decreasing markedly 
at higher frequencies. Some auroral work has 
heen done on 220 and 420 Mc. It may eventu
ally become feasible above 1000 Mc., if very 
larce arrays are used. Scientific investigations 
with very high power and large antenna arrays 
have shown auroral returns at frequencies of sev
eral thousand megacycles. 

The reflecting properties of the aurora vary 
rapidly, with the resul t that the returned v.h.f. 
signal is badly distorted by multipath effecl5. 
Voice modulation is often unintelligible on 50-
Mc. signals, and nearly always so at 144 Mc. 
Keyed c:w. is, therefore, the most effective mode 
of operation for auroral work. Suppressed-car
rier s.s.b. is a poor second, followed by a.m., 
n.f.m., and wide-band f.m., in that order. 

Tbe number of auroras seen each year, and 
the opportunities for v.h.f. communication via 
the aurora, vary with geomagnetic latitude. 
Since the geomagnetic pole is near Thule, 
Greenland, geomagnetic latitude lines slope up
ward with respect to geographical latitude as 
we look to the west. Bangor, Maine $eCS many 
more amoras than does Seattle, though the latter 
city is farther north. New York, Philadelphia and 
Washington far outdo Reno and Northern Cali
fornia, which lie along the same geographical 
latitude. Aurora DX hns been worked on 144 
Mc. as far south as 30 degrees in Southeastern 
U.S.A., but seldom or never in El Paso, Phoenix 
or Los Angeles, all of which are well north of 
latitude 30. 

Auroras follow seasonal patterns, heing most 
common around the equinoxes (Morch and 
September ). They may occur at any time, 
however, and summer and midwinter auroras are 
not uncommon in the more northerly statP..s. Au
rora effects are observed most often in the late 
afternoon or early evening, lasting for a few 
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minutes to many hours. The southerly extent also 
varies greatly. Strong and widespread distur
bances may peak in the early evening, drop off 
for about two hours before midnight, nnd then 
return, lasting until dawn or after. 

The optimum heading for a v.h.f. antenna ar
ray varies with the position of the aurora, and 
may change rapidly, just as the visible display 
does. Usually an eastern station will work the 
greatest distance to the west by aiming as for 
west of north as possible, but this does not al-

ways foUow. Constant probing with the antenna 
is recommended, especially if an array with a 
rcaUy sharp pattern is being used. 

Developing auroral conditions may be ob
served by monitoring signals in the .region from 
the broadcast band up to about 5 Mc. or so. If 
signals in the 75-meter amateur band, for ex
ample, begin to waver suddenly in the after
noon or early evening hours, taking on a drib
bling sound, an auroral disturbance may be get
ting under way. Its effects ,viJl not be long in 
showing on the bands higher in frequency, if 
t11e disturbance is pronounced. Distortion of 
voice on 28 or 50 Mc., when the array is aimed 
north, is evidence that the effect has reached 
these bands, and it is time for the v.h.f. man to 
go to work on c.w. 

On 50 or 144 Mc. t11e buzzing sound char
acteristic of an auroral return may be heard 
even on local signals, when both antennas are 
aimed north. The great-circle distance workable 
via the aurora extends from local out to more 
than 1000 miles, but hops of a few ]1undred 
miles are most common. Range depends to some 
extent on transmitter power, antenna gain and 
receiver sensitivity, but patience and operating 
ski.II are important. 

There is much to be leamed about auroral 
propagation. On 50 Mc., for example, nn occa
sional aurora will produce clear voice signals 
from distances out to 1200 miles or more, not 
unlike those encountered in sporadic-E skip 
propagation. These may be accompanied by the 
distorted signals from shorter distances, the de
gree of distortion decreasing with frequency. 
On rare occasions, a long-haul east-west skip 
may be observed, permitting work over dis
tances up to 2000 miles or more, such as be
tween the first and seventh calls areas. 
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A somewhat $imilar type of propagation is ob
served more often by the few v.h.f. operators 
of the far north. They have found 50-~lc. com
munication possible occasionally wit'h stations in 
the northern tier of states and adjacent Cana
dian areas, apparently by somethinst approxi
mating an ionospheric skip, using the auroral 
zone as a reflecting medium.10 

The number and geographical d istribution of 
auroras and auroral propagation on the v.h.f. 
bands vary with the solRr activity cycle, the 
maximum auroral incidence apparently lagging 
the sunspot peak by approximately two years. 
The arctic effects described immediately above 
were still being observed on 50 :-.le. at the bot
tom of the solar cycle, so their relation to solar 
c.10nditions is by no means clear. 

F.,-Layer DX may be possible in the peak 
years of the 11-year sunspot cycle. This iono
spheric mode, responsible for 111o~ t DX on lower 
frequencies, opened the 50-Mc. band for world
wide communication during solar peaks of 1947 
to 1950 and 1956 to 1960. Pii rticularly in the 
late 1950s, the 50-Mc. bnnd was excellent for 
distances of 2000 miles or more. for many hours 
at a time. almost daily during the winter 
months. The first scattered F .• DX of the current 
cyclecameinl967. -

Frequencies near the maximum usable 
( m.11.f.) produce the strongest F.,-layer sig
nals, and multiple-hop effects and combinations 
with other fonns of propagation mny provide 
50-Mc. communication over very long paths. 
Africa to California, U.S.A. to Japan, Hawaii to 
Australia, and even South America to Japau, 
were covered frequently in the late 1950s, with 
signal strengths rivaling the best ever experi
enced on lower frequencies. OnJy lack of 50-Mc. 
privileges for amateurs of many countries pre
vented 50 ~ l e. from becoming t11e prime ama
teur DX band during this memorable period. 

Whether like conditions will prevail <luring 
future peaks of solar activi ty is a matter of some 
conjecture. Sunspot records dating back to about 
1750, Fig. 2-5, show long-term trends indicat
ing tha t we may be near the end of an era of 
genera lJy-high nctivity. Thus it is possible that 
peaks of the magnitude of recorded cycles 18 
and 19 may not recur within the lifetimes of 
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readers of these pages. Cycle 20, peaking as this 
text was written, shows a lower trend, thus far. 

Meanwhile, the m.u.f. can he checked readily 
with a general-coverage receiver.:u Since prop
agation near the m.u.f. is very good, signals 
will be heard from somewhere on any fre
quency that is alive. The 10-meter band pro
vides good clues, for its skip distance shortens 
markedly as the m.u.f. rises toward 50 l\ilc. If 
10 is open for long periods daily, anti the skip 
shortens to 1200 miles or less during the peak 
hours, the m.u.f. is approaching 50 Mc. This is 
the time to watch the frequencies just below 50 
Mc., making note of the highest frequency at 
which DX signals can be heard, and t11c time 
of day when they appear. A daily record of 
these observations will show if the m.u.f. is ris
ing. Enough use of the v.h.f. range is made, 
almost everywhere in the world, so that there 
will be plenty of evidence of an imminent 50-
Mc. opening. Usually there are many signals, 
both in the band and near it. European televi
sion made 50-Mc. DX work difficult for ama
teurs in Eastern U.S.A. during peak hours of 
Cycle 19, and hundreds of other European sig
nals and harmonics were audible whenever 
the band was open. 

The Nat ional Bureau of Standards publishes 
iufom1ation which shows the predicted m.u.f. for 
any path, at any time of clay. Their bulletin, 
Ionospheric Predictions, issued three months in 
advance, may be obtained individually for 25 
cents per copy, or on a subscription basis, $2.75 
yearly ( $3.50 foreign) , from the Superintend
ent of Docwnents, Washington 20402. Uso 
of the charts is explained in Handbook 90, 
Handbook for CRPL Ionospheric Predictions, 
price 40 cents, from the same source. 

Since the m.u.f. is related to the position of 
the ~·un, it is highest at roughly noon at the 
midpoiut of a given path. It tends to be highest 
in the low altitudes, and lowest along paths 
traversing the auroral zones. The highest re
corded F 2 m.u.f. was iu the vicinity of 75 Mc. 

Back-Scatter signals from amateur stations in
side the skip zone indicate hi~h m.u.f., and also 
show the d.J rection in which condi tions arc most 
favorable for long-distance work. The F2 layer 

REl.ATIVE SU NSPOT NUMBERS. 1749 - 1968 
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Fig. 2-5- Relative sunspot numbor records dating back to before 1750 show that the last two sola r pealts, 
known a s cycles 18 and 19, were the highest in all of man's observation of the sun. looking al the long-term 

curve indicates that wo may be nea r the end of a 40-year era of generally high solar a ctivity. 



Scatter Modes 
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has ahnost mirror qualities near the m.u.F. Sig
nals reflected from it come down at a distant 
point on the earth's surface, from which they 
scatter in all directions. Some of the energy 
comes hack to the ionosphere and is re flected 
back to earth. Thus a station in Virginiu, for ex
ample, will be heard by a station in Ohio, when 
both have their antennas aimed at Europe and 
that path is open for both of them. 

Signals scattered back to or near to their 
point of origin are wcnk and have a high degrc:e 
of multipath di~tortion , somewhat like those re
flected from the aurora. Voice may be only 
partly readable, and c.w. is highly effective un
der such conditions. Dack-scatter is usually 
strongest for stations no more than a fow hun
dred miles apart, but back-scatter QSOs have 
been made between points as widely separated 
as New England and Mexico City. When this 
occmrccl, both stations were aiming at a com
mon "open" point in the South Atlantic. Alnska 
and California, with a common opening to Ja
pan, have had similar experiences. Often the 
direct path between the two stations will pro
duce no signals, the circuit being open only via 
the longer back-scatter route. 

A similar condition may be observed during 
periods of sporadic-E propagation (sec page 18) 
though the shorter skip may make E-layer back
scatter bard to distinguish from other modes of 
propagation. 

Transequatorial Propagation during the aft
ernoon and evening hours is possible for 50-l\ilc. 
stations situated at optimum distances from the 
geomagnetic equator, roughly 1500 to 2500 
miles above and below. See Fig. 2-6. This 
mode is associated with high sunspot periods, 
but because it is effective at frequencies up to 
at last 1.5 times the observed daytime m.u.f. 
for the F q layer, it runs for a longer portion of 
the solar -cycle than does the normal F-layer 
propagation described above. It has been ob
served over paths that cross the equator at an
gles as low as 45 degrees, and at greater dis-
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fig. 2-6-Main and occasional zones of transequatorial 
50-Mc. prapogatian, as described by ZE2JV, shaw 
limassal, Cyprus, and Salisbury, Rhodesia, to be al
most ideally positioned with respect to the curving 
geomagnetic equator. Windhoek, Soulhwest Africa, is 
also in a favorable spot. Johannesburg somewhat less 
so. 

openings. 

tances than given above, but 
long paths and large deviations 
from the north-south route 
show lower m.u.f. and shorter 

Typical TE paths of high reliability are Puerto 
l'lico to Argentina, Japan to Australia, and the 
l\foditerranean area to Southern Rhodesia .12 
These circuits continue to show TE propagation 
in the 50-Mc. band long after F,-layer DX 
has expired. At the peak of Cycle 19 the TE 
mode was observed over most of the United 
States, and in Europe as far north as the British 
Isles on isolated oc.'Casions. The spring and fall 
months show this mode to the best advantage. 
Signals may have a high degree of Autter, but 
voice readability is seldom seriously impaired. 

Ionospheric Scatter is usable for marginal 50-
Mc. communication over distances comparable 
to those encountered in single-hop E., mainly 
600 to 1200 miles. Because only a very small 
part of the energy scattered in the E region of 
the ionosphere returns to earth, such signals are 
extremely weak. Large antennas, fairly high 
transmitter power and good receivers are essen
tia l, and even with all these only c.w. emission 
can he expected to produce consistent results. 
Though ionospheric scatter is now widely used 
for military communication over long distances, 
is adaptation to amateur use is limited.13 Op
eration on carefully-kept schedules, with the 
precise frequencies to be used known in ad
vance, is almost a necessity, but amate\lf expe
rience on many 50-Mc. scatter circuits has 
shown that the bare essentials of communica
tion can be exchanged, if good equipment and 
operating skill are available at both ends of 
the path. 

When there a.re aiding factors, such as devel
oping sporaclic-E ionization, or more than the 
average number of meteors near the midpoint, 
ionospheric scatter circuits improve markedly, 
even though the path may not be considered 
"open" in the nonnal sense. 

Tropospheric Scatter is similar to the iono
spheric form, except that it occurs nearer to the 
earth's surface, and consequently shows mainly 
as an extension of the normal working range 
nf v.h.f. stations. It is effective at all frequen
cies, 50 Mc. and higher, but has been used by 
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amateurs mainly for 144-Mc. work. Experience 
has shown that with optimum equipment, signals 
can be exchanged on 144 Mc. consistently nt 
distances out to 450 to 500 miles,14 regardless 
of propagation conditions. Such signals are very 
weak and difficult to copy, and as in all wcak
signal work, c.w. is the only mode by which 
communication can be carried on effectively in 
tropospheric scatter over the extreme distances. 

Meteor Scatter is one of the more esoteric 
forms of v.h.f. DX currently worked by ama
teurs. Meteors entering the earth's atmosphere 
from outer space bum up rapidly in the E re
gion of the ionosphere due to friction. In the 
process a cylinder of dense ionization is formed 
as a trail behind the meteor. A 50-Mc. signal 
reflected from this trail may appear as a few 
words of readable voice, from a station up to 
1200 miles away. II you make a habit of tuning 
tl1e 50-Mc. band carefully for considerable pe
riods, you may have heard tl1ese bursts from 
time to time. On 144 Mc., tile same meteor 
would provide a much shorter burst, perhaps 
no more than a "ping" heard when the receiver 
beat oscillator is on. 

Meteors are constantly entering the earth's 
atmosphere, so if a v.h.f. receiver is left tuned 
to a distant station its signal pings will be heard 
at random intervals at all times. The number 
and duration of bursts increase greatly during 
major showers listed in Table I, and they may 
come often enough to permit communication of 
sorts between cooperating stntions.rn Meteor 
bursts are heard frequently on any 50-Mc. 
ionospheric-scatter circuit, rising suddenly for 
above the weak residual signal tl1at is charac
teristic of such communication. On 144 Mc. 
there is normally no residual signal beyond a 
few hundred miles, so only the meteor bursts 
are heard. Occasionally during major meteor 
showers, bursts of up to a minute or more of 
continuous 144-iMe. signal may be received. 

Such fortunate breaks arc by no means nec
essary for communication between dedicated 
enthusiasts. Using bjgh keying speeds and pre
cisely-timed transmissions on accurately-known 
frequencies, they often achieve exchanges of 
information oo a series of bursts of no more 
than a few seconds' duration each. 

The usual arrangement is for one station to 
transmit for exactly one minute, 30 seconds, or 
even 15 seconds, following which the other 
takes over for a like period. Detailed procedure 
is agreed on in advance. Typically, a signal re
port ( Sl, S2 or S3, indicating duration of bursts, 
rather than signal strength ) is sent immediate
ly upon identification of the other station. When 
the signal report is received, an R is lTansmiltcd 
repeatedly, signifying receipt. 

Daily schedules kept through a major shower 
peak ,viJJ usually yield enough bursts on at 
least one day to complete a contact within no 
hour or less of such cooperative effort. A Jong 
loud burst is usually tile signal to abandon 
timed transmissions abruptly and tTy for a com-
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plete exchange before signals disappear. Very 
short sequences, such as 15 seconds each way, 
have the advantage of making it likely that any 
appreciable burst \vill be usable in tJ1is way. 

Information in the meteor shower table should 
be used as a guide, nod not relied on complete
ly. Showers may not peak at exactly the same 
time from year to year, and those having wide
ly-spaced periodic peaks may be deflected and 
not appear nt all. 

After putting on the biggest show in amateur 
radio history up to that time, October, 1946,lG 
the Giacobinids were deflected, nod were hardly 
discernible 13 years later. On the other hand, the 
surpriziog resurgence of the November Leonids 
in 1965 and 1966 provided 144-Mc. meteor DX 
of unprecedented proportions.17 The August Per
seids and December Ceminids are dependable 
year after year, and are highly favored for v.hJ. 
scheduling on that account. 

Minor showers listed in tl1e table may offer 
little more opportunity for communication than 
do the random meteors always entering the 
earth's atmosphere. Scheduled work over the 
right distances, especially between 2200 and 
0900 local time, should yield some results practi
cally every day. 

Voice contacts are made occasionally during 
meteor showers, and success in this has increased 
as voice-controlled s.s.b. has become more 
widely used. 

Lunar Communication has been the dream of 
v.h.f. men for a generation, but few have suc
ceeded in using the e.m.e. path to date. Pioneer
ing 2-meter men received their own signals 
reflected from the moon in 1953,18 and long dis
tances Jiave been covered two-way in recent 
years..1.0 Marginal communication via tl1e moon 
ha.s been carried out over long distances on the 
420-and 1215-Mc. bands,20 but only witl1 very 
sophisticated equipment. Communication by re
flection from the moon remains a challenge to 
the more advanced amateur, and it is a 6ne proj
ect for clubs having the facilities, ability and 
determination to achieve a measure of success. 

The requirements are fairly well established. 
They include the maximum legal power, tile ulti
m'.lte in receiver performance, very large anten
nas capable of being ainled and controlled 
accurately,21 and a willIDgess to work with very 
weak c.w. signals. Because very high receiver 
selectivity is often used, to realize the best pos
sible signal-to-noise ratio, stability requirements 
in both transmitter and receiver are critical. 

Antenna problems are similarly staggering. At 
144 Mc., rm antenna gain well in excess of 20 
db. is required. Polarization rotation along tbe 
path, out and back, makes it appear that circu
lar polarization offers the best chance of success. 
Because of the reflection of the signal, the polari
zation sense should be reversed between trans
mission and reception, in listening for one's own 
echoes. 

The polarization rotation problem is largely 
eliminated above 1000 Mc., but the difficulties 
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Table I-Met eor Shower Data for V.H.F. Use 

Showtr Time Visib!!. Oe timum Potlu oncl Timei Hourly Role Velodty, Period, Nexl 
ancl Dote Rise Set N-S NW-SE E-W SW-NE Vin1al Rodia km / 11c. Years Maximum 

• January 3-5 2300 1800 0300-CSOO 0800-0900 0900-14CO 35 45 45 7 Note 1 
Ouodrontid1 SW s SE 
Jonuory 17 0230 2130 0600-1100 1100-1300 1300-1800 
Cygnids SW s SE 
February 5-10 1200 0330 1400-1730 2130-0100 
Aurigids SW SE 
Morch 10-1 2 2200 0830 2330-0030 w 0330-0530 0230-0330 0030-0230 
Bootids 0530-0630 E NE N NW 
Morch 20 1800 0630 2130-2300 w 2000-2130 0300-0430 
Como Berenices 0100-0300 E SW SE 

•April 19-23 2100 1100 0230 w 2330-0100 0700-0830 8 12 51 4 15 Note 1 
Lyrids 0530 E SW SE 

~Moy 1-6 0300 1200 0830-1000 0630-0830 0500-0630 12 12 66 76 Note 1 
Aqvorids NE N NW 
Moy 11-24 1800 0630 2130-2300 w 2000-21 30 0300-0430 
Herculids 0100-0300 E SW SE 
Moy 30 2300 1200 0300-0430 w 0130-0300 0800-0930 
Pegosids 0630-0800 E SW SE 
June 2-17 2000 0300 0100 2300-2~00 2200 
Scorpiids NE N NW 
June 27-30 Dons no·r set : 1500- 1830 1830-2330 2330-0300 
Pons Wlnnecke min. ot 0900 SW s SE 
July 14 1800 1000 2100-2330 0 130 0330-06CO 
Cygnids SW s SE 
July 18- 30 2030 0400 0100-0200 2300-0100 2200-2300 
Capric;ornlds NE N NW 

• July 26-31 2200 0600 0300-0500 0100-0300 0000-0100 10 22 so 3,6 Note 1 
Aqua rids NE N NW 

•July 27-August 14 Does not set; 2330-0300 0300-0800 0800-1130 !O 50 61 120 Hot• 1 
Perseids min. ct 1730 SW s SE 
August 10-20 1200 0700 1700-1930 2130 2330-0200 
Cygnids SW s SE 
August 21-23 Dou not set; 1500-1830 1830-2330 2330-0300 
Oraconlds min. ot 0900 SW s SE 
August 2 1-31 DoOJ not set; 1300-1630 1630-2130 2130- 0100 
Oroconids min. ot 0700 SW s SE 
September 7- 15 2130 1200 0030-0200 0700-0830 
Perseids SW SE 
September 22 2100 1230 0030-0200 0700-0830 
Aurigids SW SE 
O<tober 2 0500 0000 0900-UOO 1400-1500 1500-2000 
Quodrontlds SW s SE 
October 9 0600 0300 1100-1600 1600- 1700 1700-2200 Nole 2 20 6.6 1972 
Glocobinlds SW s SE 
O<tober 12-23 1900 0700 2130-2330 w 
Arietids 0230-0430 E 

* Oclober l 8- 23 2230 0930 0000-0200 w 0430-0600 0330-0430 0200-0330 15 30 68 76 Not• 1 
Orionids 0600-0800 E NE N HW 

• Oct. 26-Nov. 16 1900 0630 2100-2300 w 0130-0300 0030-0130 2300-0030 10 16 27 3.3 Note 1 
Tourids 0300-0500 E HE N NW 

• November 14-1 8 0000 1230 0300-0500 w 12 Note 3 72 33.2 1999 
Leon ids 0800-1000 E 
November 22-30 1300 0600 1600-2000 2300-0300 Note .C 22 67 1971 
Andromedlds SW SE 

• December 10-14 1900 0900 0030 w 2130-2300 0500-0630 60 70 35 1.6 Note 1 
Geminids 0330 E SW SE 

• December 22 Doe& not set; 0130-1530 13 13 38 13.S 1971, 
Uuids min. 01 2030 s Noto S 1972 

•Moy 19-21 0530 1A30 1100-1230 0900-1100 0730-0900 20 37 
Cetids NE N NW 

• June 4-6 0500 1730 0800-1000 w 40 29 
Porseids 1300-1500 E 

•June 8 0330 1530 0600-0800 w Nole 6 70 38 
Arletids 1100-1300 E 

•June 30- July 2 0500 1700 0700- 0900 w 1130- 1300 1030-1130 0900-1030 30 31 
Tourids 1300-1500 E HE H HW 

• Major showers-lost four are daylight showers. 

NOTES 
1. Those streams are ovo"'y distributed ond lltfle year to year variation is to be o~peclod. 
2. Very concentrotod i treom. Poole years give up to '00 meteors per minute, but with duration of only 6 hours. 19.t6 peak wo1 most 

concentrotod shower In amateur radio experience up to that time (see December, 1946, QST, pogo ~3) but 1959 recurrence was d .... 
fleeted ond wos hardly observable. 

3 . Peck yean give 60 /hour vhuol, In the peak years o f the 1800s, prior to bo1ng dofloct•d by Jup1ter and Solurn, lhis shower gov• 
1200 per minute. Specto;vlor r•sul:s in 1965 and 1966 ore reported in Jon. 1966 QST, pog• 80, ond Jon, 1967, poge 83. 

A. Before being deflected by Jupiler this stream gave pook year roles of 100/minufe. No notable rotas ho ve been obse,...ed since, 
though tho Jtreom could rotur". 

5. Short duration shower. Peok years the radio rote is l 65 /hour. 
6. Thb intonH doyllght •hower beginJ. June 2 and runs to June 14 w1th rodio rotu from 25 to 70/hour. 
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of generating sufficient power, and building a 
good enough receiver are multiplied. Detailed 
discussion of moonbounce problems is beyond 
the scope of this book. Study of the references 
at the end of this chapter is recommended to the 
serious would-be worker in this field. 

Progrc:;s in nmateur communication via the 
moon has been steady, though largely unspec
tacular, in recent )'ears. Because the ultimate in 
equipment of every kind is required, it is p rob
ably t111r<'11list"ic to expect that any great "break
through" in this fleld will suddenly make relia
ble communication by moon refl.ection practical, 
within tho framework of the amateur regulat ions. 
The prospect of a lunar repeater is, however, 
quite another matter. ~fan's progress in the mas
tery of spnce travel being what it is, repeaters on 
the moon could revolutioni7.e our whole ap
proach to amateur radio communication within 
a decade. 

Passive nnd Active Satellites offer possibilities 
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for worldwide communication in the v.h.f. range 
and higher frequencies. The former consists of 
a reflector of some sort, as in the Echo series, 
presenting problems even more severe thnn 
those involved in lunar communication. Very 
good equipment is required, and antennas de
signed for tracking must be used, i£ tJ1is mode 
of communication is to be used by amateurs. 

Active satellites pick up the transmitted sig
nal nnd relay it, usually on another frequency. 
While such n device is relatively easy for the 
amateur to use, the design and operational prob
lems nro formidable. The number of signals it 
can accommodate at :my one time is severely 
limited. The active satellite is expected to play a 
largo ro le in amateur radio of the futu re, ns 
are other communications ramifications of the 
space ngc. Problems and possibilities of active 
satellites have been discussed extensively in 
QS1'.~~ 

RELIABLE V.H.F. COVERAGE 
In preceding pages we discussed means by 

which our bands above 50 Mc. may be used in
termittently for communication far beyond t11e 
visunl horizon. In emphasizing DX we should 
nut neglect a prime asset of the v.h.f. bands: 
reliable communicntion over relatively short dis
tances. The v.h.f. region is far less subject to 
disruption of local communication than are fre
quencies below about 30 Mc. Since much ama
teur communication is essentially local in na-
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1·ure, our v.h.f. a~ignments could carry a much 
grenlcr load than they presently do, and tbis 
would help solve interference problems on low
er freq uencies. 

Possibly some amateur unwillingness to mi
grate to the v.h.f. bands is due to misconcep
tions nbout tho coverage obtainable. This reflects 
1·he age-old idea that v.h.f. waves trl\vcl only 
in straight lines, except when the DX modes 
enumerated above happen to be present. Let us 
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survey the picture in the light of modern wave
propagation knowledge, and see what the bands 
above 50 lvfc. are good for on a day-to-day 
basis, ignoring the anomalies that may result 
in extensions of normal coverage. 

It is possible to p redict with fair accuracy how 
far you should be able to work consistently on 
any v.h.f. or u.h.f. band, provided a few simple 
facts are known. The factors affecting operat
ing rauge can be reduced to graph form, as 
described by D. W. Bray, K2L!\'1G.~3 To esti
mate your station's capabilities, two basic num
bers must be determined: station. gain., and path 
loss. Station gain is made up of eight factors : 
receiver sensitivity, transmitted power, receiving 
antenna gnin, receiving antenna height gain, 
transmitting antenna gain, transmitting antenna 
height gain, and required signal-to-noise ratio. 
This looks complicated but it really boils clown 
to an easily-made evaluation of receiver, trans
mitter and antenna performance. The other 
number, path loss, is readily determined from 
t11e nomogram, Fig. 2-7. This g ives path loss 
over smooth earth, for 99 per cent reliability. 

For 50 ·.t-.k., Jay a straightedge from the d is
tance between stations ( left side) to the ap
proprinte dist·ance at the right side. For 1296 
:--Ic., use the full scale, right center. For 144, 220 
and 432, use tl1e dot in the circle, square or 
triangle, respectively. Example: nt 300 miles 
the path loss for 144 Mc. is 215 db. 

Station Gain 
The largest of the eight factors involved in 

station gain is receiver sensitivity. This is ob
tainable from Fig. 2-8, if you know the approx
imate receiver noise figure and transmission
line loss. If you can' t measure noise figure, as
sume 3 db. for 50 Mc., 5 for 1,14 or 220, 8 for 
'132, and 10 for 1296, if you know that your 
equipment is working moderately well. Line loss 
can be taken from Table 8-IU for the line in 
use, if the an tenna system is fed properly. Lay 
a straightedge between the appropriate points 
011 either side of Fig. 2-8, to find effective re
ceiver sensitivity in db. below one watt (<lbw.). 
Use the narrowest bandv; idtb that is practical 
for the emission intended, witl1 the receiver you 
will be using. For c.w., an average value for 
elfective work is about 500 cycles. Phone. hand
width can be taken from the receiver's instruc
tion manual. 

Antenna gain is next in importance. Gains 
of mnateur antennas are often exaggerated. For 
well-designed Yagis they run close to 10 times 
the boom length in wavelengths. (Example: a 
24-foot Yagi on 144 Mc. is 3.6 wavelengths long. 
3.6 X 10 = 36, or about 15~ db.). Add 3 db. 
for stacking, where used properly. Adel 4 db. 
more for ground-reflection gain. This varies in 
amateur work, but averages out near tlus figure. 
We have one more plus factor: anterum height 
gaiD, obtainable from Fig. 2-9. Note that this is 
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greatest for short distances. The left edge of tlie 
horizontal center scale is for 0 to 10 miles, the 
'right edge for 100 to 500 miles. Height gnin for 
10 to 30 feet is assumed to be zero. It will be 
seen that for 50 feet the height gain is 4 db. 
at 10 miles, 3 db. at 50 miles, and 2 db. at 100 
miles. At 80 feet the height gains are roughly 
8, 6 and 4 db. for these dis tances. Beyond 100 
miles the height gain is nearly uniform for a 
given height, regardless of distance. 

Transmitter power output must be stated in 
db. above 1 watt. If you have 500 watts output, 
add 50011, or 27 db., to your station gnin. The 
transmission line loss must be subtracted from 
the station gain. So must the required signal-to
noisc ratio. The information is based on c.w. 
work, so the additional signal needed for other 
modes must be subtracted. Use 3 db. for s.s.b. 
and 7 db. for a.m. Loss due to fading must be 
accounted for. It has been shown that for dis
tances beyond 100 miles the signal will vary 
plus or minus about 7 db. from the average 
level, so 7 db. must be subtracted from the sta
tion gain for high reliability. For distances un
der 100 miles, fading din1inishes almost linearly 
with distance. For 50 miles, use minus 3.5 db. 
for fading. 

What It All Means 

After adding all the plus-and-minus factors 
to get the station gain, use it to find the distance 
over which you can expect to work reliably, 
from the nomogram, Fig. 2-7. Or work it the 
other wny nround: find the path loss for the 

distance you want to cover from the nomograni 
and then figure out what station changes will 
be needed to overcome it. 

The significance of nll this becomes more ob
vious when we see path loss plotted against 
frequency for the various bands, as in Fig. 2-10. 
At tbe left this is done for 50 per cent reliabil
ity. At the right is the same information for 99 
per cent reliability. For noor-pcrfect reliability, 
a path loss of 195 db. (easily countered at 50 
or 144 Mc.) is involved in 100-mile communi
cation. But look at the 50 per cent reliability 
curve : the same path loss takes us out to well 
over 250 miles. Few amateurs demand near
perfect reliability. By choosing our times, and 
accepting the necessity for some repents or oc
casional loss of signal, we cnn maintain commu
nication out to distances far beyond those usu
ally worked by v.b.f. men. 

Working out a few typical amateur v.h.f. sta
tion setups with these curves will show why an 
understanding of these factors is important to 
any user of the v.h.f. spectrum. Note that path 
loss rises very steeply in the first 100 miles or 
so. This is no news to v.h.f. men; locals are very 
strong, but stations 50 or 75 miles away are 
much weaker. But whnt hnppens beyond 100 
miles is not so well known to some of us. 

From the curves of Fig. 2-10, we see that path 
loss levels off markedly nt whnt is the approxi
mate limit of worldng range for average v.b.f. 
stations using voice. Work oi1t the station gain 

, for a 50-watt station with an average receiver 
and moderate-sized antenna, and you'll find 
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tliat it will come out around 180 db. This means 
about a 100-mile working radius in average ter
rain, for good but not perfect reliability. An
other 10 db. may extend the range to as much 
as 250 miles. Just changing from a.m. phone to 
c.w. can thus do wonders for you. A bigger 
antenna, a higher one if your present beam is 
not at least 50 feet up, an increase in power to 
500 watts from 50, an improvement in receiver 
noise figure if it is presently poor-any of tliese 
things can make a big improvement in reliable 
coverage. Achieve all of them, and you will 
have very likely tripled your sphere of influ
ence, tlrnnks to that hump in the path-loss 
curves. This goes a long way toward explain
ing why using a 10-watt packaged station and 
a small antenna, fun tl10ugh it may be, does 
not begin to show what the v.h.f. bands are 
really good for. 

About Terra in 
The coverage figures derived from the above 

arc for average terrain. What of stations in 
mountainous country? Though an open horizon 
is generally desirable for the v.h.f. man, moun
tain country should not be given up as hopeless 
until it has been proven so. Help for the valley 
dweller often lies in the optical phenomenon 
known as knife-edge refraction.24 A flashlight 
beam pointed at tl1e edge of a partition does not 
cut off sharply at the partition edge, but is re
fracted around it, partially illuminating the 
shadow area. A similar effect is observed with 
v.h.f. waves passing over ridges; there is a 
shadow effect, but not a complete blackout. If 
the signal is strong where it strikes the moun
tain range, it will be heard well in the bottom 
of a valley on the far side. 

This is familiar to all users of v.h.f. communi
cations equipment who operate in hilly terrain. 
Where only one ridge lies in the way, signals 
on the fo r side mny be almost as good as on the 

near. Under ideal conditions (a very high and 
sharp-e<lged obstruction near the midpoint of a 
path long enough so that signals would be weak 
over average terrain), knife-edge refraction 
may yield signals even stronger than would be 
possible with an open path. 

The obstruction must project into the radia
tion patterns of the antennas used. Often moun
tains tlmt look formidable to the viewer are 
not high enough to have an appreciable effect, 
one way or the other. Since the normal radia
tion from a v.h.f. array is several degrees above 
the horizontal, mountains that are less t11an three 
degrees above the horizon, as seen from the an
tenna, arc missed by the radiation from the ar
ray. Bulldozing them out of the way would have 
substantially no effect on v.h.f. signal strength 
in such cases. 

Mountains that are really high but not situat
ed or shaped so that they exhibit knife-edge 
effects may be useful in another way: as a re
flector visually common to two stations that do 
not have a <lir.cct open path between them . 
Such reflection patl1s are common in high-moun
tain country. Mt. Rainier, Mt. Hood and other 

--
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majestic peaks of the Northwest are examples, 
and the mountains of California provide many 
others. Mt. McIUnlcy in Alaska h11s demonstrat
ed remarkable capabilities for both knife-edge 
and reflector service. 

Rolling terrain, where obstructions arc not 
sharp enough to produce knife-edge rcfrriction, 
still does not exhibit complete shadow err cct. 
There is no complete barrier to v.h.f. propuga-
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tion; only attenuation, which varies widely as 
the result of many factors. Thus, even valley 
locations are usable for v.h.f. communication. 
Good antenna systems, preferably ns high as 
possible, the best available equipment, and 
above all, the willingness and ability to work 
with weak signals may make passible out
standing v.h.f. work, even in sites that show little 
promise by casual inspection. 

OPERATING MODES 
Almost every amateur has one rnode of oper

ation that he prefers over all others. Once this 
was a simple choice between phone and code, 
but today's picture is more complex. The voice 
operator on the v.b.f. bands can use amplitude 
modulation, suppressed-carrier single-sideband 
or double-sideband, or frequency modulation, 
either wide or narrow-band. The code man can 
employ conventional c.w., keyed tone mnduln
tion or frequency-shift keying. Other mollt's in
clude television (slow-scan or wide-band). ra
dio teletype (with either audio- or radio-fre
quency shift ), facsimile and pulse. 13ccausc 
some of iliese are wide-band modes, taking up 
more space than would be pemrissiblc in crowd
ed lower hands, the choice open to the inhabi
tant of the world above 50 Mc. is wider than for 
any other amateur. 

Though many of us tend to concentrate on 
one mode, lhcrc is much to be said for vcrsntil
ity. With foresight in planning his station, the 
v.h.f. enthusiast can incorporate several modes 
of operation with little difficulty. Though n.m. 
phone is heavily entrenched in v.h.f. work, other 
modes have much to offer. The most effective 
system for long-distance v.h.f. work is keyed 
c.w., nnd it is also the simplest of all comn11 1ni
cations systems in its transmitter requirements. 
There is no valid renson why c.w. capability 
should not be built into every v.h.f. station, yet 
a surprising number of v.h.f. men make no 11se 
of it. This is lamentable, for as shown in Fig. 
2-10 the improvement gained through intelligent 
use of c.w. can double or triple the effective 
operating range of any v.h.f. station. Probabl>' by 
no other means can v.h.f. coverage be extended 
so easily. 

An appreciable improvement in consistent 
range with voice can be achieved by going to 
single-sideband, as compared wiili a.m. phone. 
Both c.w. and sideband are more effective than 
oilier modes mainly because they occupy a 
narrower band of frequencies. C.w. requires 
essentially no space at all, and thus it permits 
almost infinite receiver selectivity when suitable 
techniques are employed. Sidcban<l requires 
less than 11alf the spcctn.1m space of other voice 
modes. No power is wasted in transmitting a 
carrier, this being supplied, in effect, hy the re
ceiver's bent oscillator. The h.f.o. is also an im
portant factor in the effoctivcncss of c.w. 

Frequency modula tion, all but ignored by a 
generation of v.h.f. men, has great potential 
worth. 'With suitable receiving techniques, f.m. 
provides almost totally noise-free communica
tion witl1in its service area. Either wide-band or 
narrow-band f.m. is easiJy incorparated in a 
v.h.f. transmitter, and because it adds nothing 
to the power that must be dissipated by the 
tubes, or to the voltage thnt components must 
be capable of withstanding, the full c.w. ratings 
of all parts of the transmitter npply lo f.m. as 
well. Perhaps most important ol: all, f.m. elimi
nates practically aU chance of audio-type inter
ference in TV receivers, broadcast sets, hearing 
aids and other audio amplifiers, and so is in
valuable in solving interference problems for the 
amateur in densely-populated areas. Not widely 
appreciated is the fact that, with proper receiv
ing techniques, f.m. is at least the equivalent of 
a.m. in reliable v.h.f. coverage. Only c.w. and 
s.s.b. are superior. 

Tone modula tion ( A2 ) is n simple means of 
sending code on the v.h.f. bands with 1\0y voice 
transmitter. It is only slightly better than a.m. 
phone for weak-signal work, but it is fine for 
code practice, and for use on frequencies \vhere 
either the receiver or transmitter may not be 
stable enough for c.w., or where the receiver 
does not have a b.f.o. 

Use of frequency-shift keying ( f.s.k.) is con
fined mainly to raclfo-telctype work, but it could 
be employed for c.w. With today's voltage
variablc capacitors, it is a .simple matter to shift 
the frequency for f.s.k .. 

Slow-scan television has no special v.h.f. 
connotation. Conventional high-quality TV re
quires a very wide band of frequencies, so it is 
confined to bands from 420 l\ lc. up. Nearly all 
amateur TV js currently on the 420-Mc. band, 
between 436 and 450 Mc. 
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Pulse is a very wide mode inherently and is 
permitted only on certain bands above 2300 
t.. lc. Though employed only to a limited extent 
in amateur communication, it has interestiug 
possibiUties on frequencies where its wide-baud 
nature can be accommodated.25 

Another emission is usable on all amateur fre
quencies above 51 .\'le.: unmodulated carrier, 
All. It has many uses, not the least being re
mote control systems for model aircrnft, boats 
nnd the liko. Much neglected by v.h.f. men, 
an interestinit adaptation of ,\¥§is duplex phone. 
In usiug A0 the operator need identify only 
once every ten minutes or less, and he is not 
requfrecl to have any intelligence on the signal 
i11 between identifications. This permits running 
the transmitter while tuning for other signals, 
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either on the same band as the transmitter, or 
on another band. The 50- and 144-Mc. bands 
tend to become congested at their low end.•, so 
it is well to use duplex technique only in the 
less-occupied upper portions. The U.S. Regula
tions allow ~ only above 51 Mc. for this rea
son, and it is well to check the frequencies to 
be used for A0 to see that they are unoccu
pied, before embarking on duplex work. 

Use of low power, separate antennas for trans
mission and reception, and earphones in pla.::e 
of speakers arc aids to effective duplex opera
tion. Especially where signals are reasonably 
strong, as in local work, duplex provides a ready 
give-and-take exchange that can be fnr rnore 
pleasant and efficient than tl1e one-way mono
logue that conventional methods entail. 
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Reception Above 50 Mc. 
V.H.F. RECEIVER CHARACTERISTICS 

Nowhere in amateur radio is topnotch recep
tion so important as on the frequencies above 
50 Mc. Selectivity, stability, sensitivity, smooth 
tuning, ability to reject unwanted signals-all 
considered necessary in h.f. receivers-are even 
more desirable in v.h.f. work. While receiver 
problems are similar, to some extent, on all fre
quencies used by amateurs, ideal solutions vary 
greatly for various bands and modes of opera
tion. Thus, whether you buy your receiver or 
build it, nn understanding of basic receiver 
principles and considernt'ion of your primary 
operating interests arc necessary, if you would 
make an intelligent choice. We will have a look 
at each of the above quali ties, as it relates to 
v.h.f. reception. 

Selectivity 

On lower frequencies selectivity is desirable 
mainly to prevent interference between stations 
in our crowded bands. It serves this end for 
v.h.f. men, too, but it is also important in 
achieving tl1e best possible signal-to-noise ra
tio. Receiver noise output, for a given input sig
nal level, is related to bandwidth; the wider the 
bandwidth tl1e greater the noise. This is not im
portant in reception of strong signals, but for 
best readability of weak signals no more band
width should be used than is necessary to pass 
the intelligence on a signal. This kind of selec
tivity is mainly determined by the i.f. system in 
a superhetcrodyne receiver, and the means for 
achieving it do not change much vvith signal 
frequency. 

Stability 

As selectivity is increased the need for good 
stabili ty rises, nnd ns we go higher in frequency 
the difficulty of achieving satisfactory stability 
also rises. Thus it is almost standard procedure 
to use crystnl·controlled frequency converters in 
v.h.f. reception, doing the tuning at some lower 
or intermediate f req11ency where stability is 
more readily nttained. Like selectivity, stability 
is tl1en mainly a mnttcr of the design of the 
lower-frequency components of the v.h.f. receiv
ing system. 

Sensitivity and Noise Figure 

Here we reach tl1e parting of the ways with 
our h.f. brethren. Reception of weak v.h.f. sig
nals is limited by factors quite different from 
those affecting bands below 30 Mc. On frequen
cies up to the lower portion of the v.h.f. ~-pec
trum, reception is limited almost entirely by 
noise picked up by the antenna. This may be 
man-made (ignition, power-line noise, electrical 
noise from motors, neon signs and the like) or 
natural, such as gnlnctic or solar noise and at
mospherics. With modern tubes, transistors and 
circuits the noise contribution by the receiver it
self is inconsequential. To prove tliis for your
self, tune your receiver to some spot below 30 
Mc. where no signnls nre henrd. Turn off the 
a.v.c. and advance the gain controls until noise 
is heard. Now remove the antenna. If your re
ceiver is stable and well shielded it should go 
dead quiet, or nearly so. The noise was practi
cally all coming in on the antenna. 

Now try the test with a v.h.f. receiver, on 
144 Mc. or higher frequencies. Chances are that 
the noise will change hardly at all, antenna on 

or off, if your location is a quiet one. This dem
onstrates where most v.h.f. noise comes from: 
the receiver makes it. The nmount of noise it 
makes, over that of a theoretically perfect re
ceiver whose noise is entirely external, is called 
the noise figure. Reducing the noise generated 
within the h.f. receiver to the ultimate would 
avail you little or nothing in weak-signal re
ception on bands up through 30 ~le., but you 
can improve reception in the v.h.f. range 
markedly if you can amplify incoming signals 
faster than you build up the noise generated in
ternally. Hence the emphasis on low-noise am
plifiers in v.h.f. receiver design. 

The noise output of a receiver, by itself, is of 
no importance at any frequency. How much a 
signal stands out above tl1c receiver noise 
(called signal-to-noise ratio) is important on 
any frequency, and it is compounded of many 
factors, including selectivity as well as noise 
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figure. Noise figure, on the other hand, is al
most entirely a matter of the design and ad
justment of the first stages of a v.h.f. receiving 
system, and it is independent of bandwidth. 
We'll look into this complex business of low
noise reception in more detail later on, but it is 
important to keep the above facts in mind. 

Mechanical Considerations 

The best selectivity, stability and sensitivity 
are of little use if you cannot tune the receiver 
effectively. Nothing is more disconcerting than 
n receiver that tunes too rapidly, or in sloppy 
fashion. Backlash in tuning mechanisms is very 
annoying, and the higher the selectivity the 
more troublci;ome it becomes. These are me
chanical problems, but don't under-estimate 
their importance in building or choosing a re
ceiver for v.h.f. work. Few receivers are entire
ly satisfactory in these respects, and many low
priced ones are all but useless. The would-be 
v.b.f. enthusiast will do well to check the me
chanical qualities of a receiving system with 
great care. 

Rejection of Unwanted Signals 

A v.h.f. receiver could score high in all the 
above categories and still be unsatisfactory if it 
responds to signals of other services near our 
bands, or overloads readily when near neigh
bors come on the air in or near the band we're 
trying to use. No receiver is completely free of 
spurious responses, so we may have a difficult 
choice here. In areas of high population den
sity, where there may be v.h.f. men in every 
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block, and TV, police, aircraft, f.m. and other 
v.h.f. services on almost every available kilo
cycle, ability of a receiver to reject unwanted 
signals may have to take precedence over other 
desirable characteristics, particularly low noise 
figure. We may have to give the receiver help 
in the form of a fll tcr of some sort. See Chapter 
12. 

It should be obvious from what bas been said 
thus far that there is no one "perfect receiver." 
Even with unlimited resources and design skill 
at our disposal, we st.ill must examine our own 
particular set of operating circumstances and ob
jectives, and select equipment or techniques 
that offer the best over-all hope for success. 

TYPES OF V.H.F. RECEIVERS 

From here on we use the term "v.h.f." loose
ly. Calling only those frequencies between 30 
and 300 Mc. by this name is a grouping more 
semantic than technical, and we will include 
the 420-Mc. band with 50 through 220 Mc. 

/,,.,,..-----·-

more often than not. In the light of present 
techniques, the logical dividing line between 
v.h.f. and u.h.f. methods lies somewhat above 
our 420-Mc. band, rather than at 300 Mc. 

Reception on 50 through 450 Mc. can be ac
complished in many ways, but v.h.f. receivers 
are of two principal types: the superregenerator 
and the superheterodyne. The first may be very 
simple-one tube or transistor and little else 
other than an antenna, a tuned circuit and 
headphones. Common additions are one or more 
audio stages to operate a speaker, and an r .f. 
amplifier stage, to improve performance and re
duce detector radiation. The superbeterodyne 
may be complete in itself, usually with four or 
more tubes or transistors, or it may be a combi
nation of a v.h.f. converter and a communica
tions receiver intended for use on lower fre
quencies. 

The Superregenerative Detector 

Today's newcomer may not be too familiar 
with this wonderful device ( and probably it's 
just as well!) but it was almost standard equip
ment in early v.b.f. work. To give the Devil his 
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Fig. 3-1-Circuits of typical supe rregcnerativo defec
tors using an FET transistor, A, and o tetrode tube, B. 
Regeneration is controlled by varying the drain voltage 
on the detector in the transistor circuit, and the screen 
voltage in the tetrode or pentode. Value• of L1 and 
C 1 should be adjusted for the frequency involved, as 
should lhe size of the r.f. choke, RFC1• 

due, the "rushhox" was a potent factor in popu
larization of th e v.h.f. bands-and for good rea
son. Nothing of comparable simplicity has been 
found to equal its ability to detect wenk sig
nals, but like all simple devices the ~upcrrcgen 
hns serious limitntions. It provides little selec
tivity, has a high and rather unpleasant back
ground noise level, and it radiates a brond in
terfering signal around its receiving frrqu ency. 
\Vhilc various refinements may minimize these 
objectionable features, the superrcgcncrative 
receiver is used today mainly where its small 
size, light weight and low power drain are all
important, as in short-range portablr work. 

Most tubes and transistors tha t clo well in 
other v.h.f. receiving applications make good 
supcrregenerative detectors. vVith tubes, tetrode 
or pentode types are favored at 50 or 144 Mc., ;is 
variation of their screen vol tage o/Tcrs smooth 
control of regeneration. Triodes nrc helter for 
higher frequencies. Typical circuits nrc shown in 
l?ig. 3-1. U no r.f. amplifier is \1scd, operating 
conditions and the coupling to the nntenna 
should be adjusted so as to permit superregen
erntion with the lowest satisfactory power in
put, to hold down detector radiation. An r.f. 
amplifier stage ahead of the detector wlll re
d11 c.:o or eliminate radiation, aud hy isolnting 
the detector from the an tenna will make control 
of regeneration less critica.l. It will nlso add 
some gain and selectivity. 

Superheterodyne Receivers 

Because ampliRcation is more efficient at low 
frequencies than high, it is stsmdard v.h.f. prac
licc to use only as much r.f. amplification as 
mny be needed for good noise figure, and then 
convert the signal to a lower or intermediate 
frequency, to be amplified and dc:tccted. This 
is the basic superhetcrodyne pri11ciplc, used in 
nearly all radio reception today. 

The simplest superhet receiver for 50 Mc. is 
shown in Fig. 3-2A. The antenna feeds a mixer 
stage operating at the signal frequency, in this 
case 50 to 54 Mc. A tunable osci llator, usual1y 
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C2, c8- 0.001 -,uf. disk ceramic. Try diffe rent values 
up to 0.005 for desired audio quality. 

R1-2 to 10 megohms. 
L1-To suit frequency. 
L,-Smoll audio or filter choke; not critical. 
RfC 1- Single-loyer r.f. choke, to suit frequency. 
RFC2-85-mh. r.f. choke. 

at some lower frequency (though it can b e 
higher) supplies energy to beat with the signal 
and produce an intermediate frequency ( i.£.) 
which is then amplified and detected. In our 
example the oscillator is 5 1\lc. below the signal 
frequency, and the i.f. is, of course, 5 :\fc. You 
could build the simple receiver with as few as 
two dual-purpose tubes, but its gain would be 
low and its selectivity poor. You would not be 
happy with it for long. 

Cain can he increased with more i.f. runpli 
ller stages, but a simple 5JMc. ampliflcr, as in 
2.A, is not sufficiently selective, so we go to 
what is known as double conversion, Fig. 3-2.13. 
Here a second oscillator and mixer convert tl1e 
5-Mc. signal to 455 kc., where gain and selec
tivity come much easier. Also added here is an 
r.f. ampli fier stage, for improved noise figure 
and better sensitivity. 

You could go right to 455 kc. in the first con
\·ersion, by suitable choice of frequency range 
for tl1e tun:1ble oscillator, but this gives rise to a 
serious image problem. Suppose we want to lis
ten to someone on 51 Mc. Witl1 an i.f. of 455 
kc., the oscillator would then be on 50.545 !'vie., 
455 kc. away from the signal frequency. Tl1e 
mixer respomls l'o signals 455 kc. on eitl1er· side 

·of the oscilla tor frequency, so someone on 
50.090 Mc. would interfere with the desired 
signal on 51 Mc. All superhets have this prob
lem, but when n high i.f. is used ( roughly 10 
percent of the signal frequency is common ) the 
selectivity of the first tuned circuits of the re
ceiver is sufficient to re ject the unwanted image 
signal. T hus, for good in1age rejection, most 
v.h.f. receivers employ double- or triple-conver
sion circuits. 

So far we !awe used a tunable oscillator and 
fixed intermediate-frequency amplifiers . In the 
v.hJ. range, however, tunable oscillators may 
not be stable enough for narrow-band recep 
tion, so wo more often use a crystal-contiollcd 
source for the first conversion, as in F ig. 3-2C. 
Here the first intermediate frequency is varia-
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ble, so the i.f., detector and audio system ( por
tion to the right of the vertical broken line) may 
take the form of a communications receiver that 
tunes the desired frequency range, in this exam
ple 14 to 18 Mc. Our r.f. amplifier, first mixer 
and crystal oscillator are usually built in a sin
gle unit called a crystal-controlled converter. 
This converte r-receiver combination is the most 
common approach to amateur v.h.f. reception in 
use today. 

There are uses for the single-conversion re
ceiver however, especially where simplicity, low 
cost and small size are more important than 
high selectivity. Also, by use of advanced i.£. 
design techniques, particularly involving the 
crystal-lattice filter, it is possible to develop ex
cellent selectivity at high intermediate frequen
cies. Though fairly expensive, the high-frequency 
crystal filter has much to recommend it . Re-

(A) 
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quiring only a single conversion for good selec
tivity, it reduces the possibility of unwanted 
signals being heard, and it makes possible opti
mum performance with fewer stages and circuits 
than multiple-conversion systems. 

A promisiog over-all receiving system for the 
v.11.f. man is the use of such a single-conversion 
setup for the 50-Mc. band as the basic receiving 
unit of the station. This would have a tunable 
oscillator; converters for 144 Mc. and 11igher 
bands would be crystal-controlled, with 50 to 
54 .i\ifc. as the tunable first intem1e<liate fre
quency. 

It should be emphasized that the frequencies 
given in the above d iscussion are examples only. 
Almost any combini;ttion of oscillator and inter
mediate frequencied can be used and many fac
tors govern the choice. These will be taken up 
later. 

Fig. 3-2-Development of the v.h.f. superheterodyne. 
The simplest receiver of this type, A, would lack most 
desirable qualities. B shows a double-conversion sys· 
tern, with r.f. and a second conversion added. A dou
ble conversion system with crysta l-controlled converter, 
or "front end" is shown a t C. Portion at the right of 
the broken li ne can be a communications receiver 
capable of tuni ng the desired frequency range. 

(B) 
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V.H.F. CONVERTER DESIGN 

The relation between the noise generated in 
tl1e first r.f. amplifier stage and the gain of tliat 
stage is tl1e principal factor in the weak
signal sensitivity of v.h.f. receivers. Low noise 
figure is mainly a matter of r.f. amplifier ti1be 
or transistor design, though circuitry and adjus
rnent are factors. Modern tubes and transistors, 
and the circuits to go with tl1em, have made pos
sible a marked improvement in v.h.f. and u.h.f. 
reception in recent years. 

Low-Noise R.f. Amplifier Tubes and Circuits 

Tubes developed for r.f. amplifier service 
above 30 Mc. are of compact design, to hold 
down lead inductance, tube capacitance, and 
electron transit time. They are mechanically 
and electrically constn1ctecl to have high trans
conductance. The better triodes :ire rated at 
10,000 micromhos or more, and some costly 
types reach 50,000. Inexpensive triodes that 
work well in v.h.f. amplincrs include the 6CW4, 
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6DS4, 6AM4, 6BC4 and several others no long
er being made, but still available in some quar
ters. Several dual triodes work well, including 
the 6BQ7, 6BZ7, 6BC8, 6BS8 and others. 

At 50 }.fo., where internal noise is not yet a 
dominant factor, pentode d . amplifiers may 
give more gain per stage, with somewhat better 
freedom from overloading, than triodes. The 
6AK5 and similar tubes work well, and more 
expensive high-transconductance types such as 
the 7788 are very good at 50 Mc. and usable 
at 144 Mc. Noise figure at this and higher fre
quencies will oot equal the better triodes, how
ever. A typical pentode r.f. amplifier circuit is 
given at A in Fig. 3-3. An advantage of the 
pentode is ease of gain control, through varia
tion of screeo voltage. This may be an impor
tant consideration in preventing mixer overload
ing, in areas of high v.h.f. population density. 
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Fig. 3-3-Typical r.f. amplifier circuits for v.h.f. con· 
verier or preamplifier service. Decima l values of capac· 
itance are in uf.; other> in p.f. Good quality button. 
mica or ceromic feed-through copacitars should be 
used for by-passing at 1 « Mc. and higher. Disk ce
ramic.s ore usable al 50 Mc. Va lues of indudance in 
coils and r.f. chokes depend on frequency. Cathode re

sistor values should be chosen to suit the tube type 
used. 

Circu it A is o simple pentode or tetrode amplifier, 
usefu l mainly below 100 Mc. B and C ore versions of 
the coscode circuit. A grounded-ga te FET amplifier is 
shown at D, and its tube counterpart at E. 
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Triode r.f. amplifiers require some fonn of 
neutralization. This can be capacitive, as com
monly used in transmitter circuits, or inductive, 
as shown in Fig. 3-3B and C. An alternative to 
neutralization is isolation of the input and out
put circuits through nse of a grounded-gate or 
grounded-grid amplifier, Fig. 3-3D and E. 

Two examples of the commonly used cascode 
r.f. amplifier circuit are shown. B and C are 
basically the same, in that each has n neutral
ized triode working into a grounded-grid triode. 
The grounded-grid stage, having low input im
pedance, places n heavy Jond on the first am
plifier, and may prevent it from oscillnting, even 
without neutralization. Better noise fii.rure is pos
sible with neutralization, however. This is ac
complished with the coil Ln, which is resonated 
broadly nt the midpoint of the intended tuning 
range. 

The simplified cascode, Fig. 3-3C, is often 
used with dual-triode tubes. Here the triodes 
are operated in series as far as the plate supply 
is concerned, and a few less components are 
required than with the circuit at B. With any 
except the highest-transconductance tubes there 
is little choice between these two circuits. With 
the best tubes, particularly when reliable means 
for measuring perfonnance arc avaiJable, circuit 
B is preferable. 

Amateur workers unfamiliar with the cascodc 
circuit occasionally encounter instabili ty trouble 
that is not solved by nc11tn1Lizntion of the first 
stage. In such in~tanccs the trouble may lie in 
the grounded-grid portion, rather than in the 
neutralized stage. The grid (or gate in the FET 
transistor fonn) must be at true ground potential 
for r.f. '\/here the element is connected d irectly 
to ground, as in circuits B, D and E, the con
nection should be as short as possible, to the 
chassis or to a grounded shield plate mounted 
across the socket. Jn the by-passed version, 
3-3C, the capacitor shou ld be the button-mica 
or ceramic feed-through type. Disk cernmics arc 
seldom satisfactory above 50 Mc., unless the 
value and lead lengths are selected to make the 
capacitor series-resonant nt the opcrnling fre
quency. (Sec Chapter 13.) 

The grounded-grid or grounded-gate ampli
fier, Fig. 3-3D and E, has the virtue of sim
plicity, yet it is capable of good noise figure, and 
adjustment may be simpler thon with neutral
ized circuits. Stage gain is likely to be lower, 
however, and two stages may be required for 
hest pcrfom1:mce. The input element here is 
the tube's cathode or the FET's source. The in
put impedance is low, so better results may be 
obtained if the element is tnpped down the in
put coil, Lp ns in E. The antenna lead is also 
~pped down on the input circuit, and the posi
tions of the taps should be adjusted for opti
mum performance, though they will not be 
found to be particularly critical. True groundin!! 
of the grid or gate element is important, as with 
the cascade circuit discussed nbove. 

To achieve the best possible noise figure in 
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grounded-grid amplifiers at 144 Mc. and higher, 
it may be important to keep the cathode above 
ground for r.f. Heater chokes (RFC in circuits 
B and E) may be helpful. Ferrite beads slipped 
over the heater lead right at the socket work 
very well in place of the heater chokes shown. 

Adjusting R. F. Stages 
The first step in adjusting an r J. amplifier is 

to set the tuned circuits at tl1e aoproximate fre
auency. This can be done with the aid of a 
dip meter, or by peaking the circuits for maxi
mum response while actually receiving. In cir
cuit A, the only additional step is to adjust the 
tap position on L 1 for best noise ngure or signal
to-noise ratio. Noise figure adjustments are best 
made with a noise generator, as detailed in 
Chapter 11. The work can be done on a weak 
steady signal, if care is used to get the greatest 
margin of signal over noise, rather than merely 
maximum gain. 

In adjusting antenna coupling, best noise fig
ure will be found as t11c coupling is increased a 
bit beyond the point where maximum signal is 
obtained. The gain and signal level may drop 
slJghtly, but the noise falls off faster at this 
point, so signal-to-noise ratio actually improves 
at the start of over-coupling. Cain can be made 
up anywhere in the receiver, but noise figure is 
set by the first stage, and predominantly in the 
first tuned circuit. This cardinal principle of 
v.h.f. receiver design should be borne in mind 
at all times. 

Procedure is similar for neutralized stnges, 
except for the work with Ln. In circuit B the 
p late or beater voltage can be removed from 
the first tube, and Ln adjusted for minimum 
response on a strong signal. The other circuits 
should be peaked for maximum meanwhile. 
There will be interlocking between the various 
circuits, so repeat tl1is operation several times. 
The first tube may then be put back into nor
mal operation, and 6nal adjustment for lowest 
noise figure made by adjusting tl1e input cou
pling and the inductance of Ln as outlined 
above. If separate tubes are used in Circuit C 
the same procedure may be followed, by re
moving heater voltage from the first tube. With 
dual triodes having a single heater the adjust
ment of neutralization must be by the cut-and
try method. 

The groundc.-d-grid stage, E, can be used 
with untuned input, requiring only tuning of tl1e 
p late circuit for best results. The tuned input 
circuit in amplifier E is adjusted for best noise 
llgure, rather tl1an maximum gain. 

Two output coupling arrangements for work
ing into a following mixer are shown. Capaci
tive coupling, as in A, is simple, but with only 
the single tuned circuit, L~. rejection of un
wanted &equencies may be -poor. Better band
pa:;s characteristics are obtainable with the dou
ble-tuned circuit in amplifier B. Its coupling 
capacitor, C1, can be varied to provide different 
degrees of coupling and selectivity. Usually 
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values of l to 3 pf. are used, and these are 
readily obtained by twisting insulated leads of 
hookup wire together for a half inch or so. 

The low-impedance output coupling shown 
in circuit D can be used wherever a stage is to 
serve as a preamplifier ahead of an existing 
v.h.f. converter or receiver. A simplified version 
of circuit E, with tl1e antenna connected directly 
to the c.1thode through a capacitor, and the 
tuned circuit omitted, may be quite helpful in 
boosting the 50-Mc. perfonnance of some multi
band communications receivers tha t cover this 
band. Often these receivers are only slightly de
ficient in gain and noise figure at 50 Mc., and a 
simple preamplifier may be all that fa needed. 

V.h.f. Mixers 

Because the noise figure of a receiver having 
a good r.f. amplifier is set by its first stage, the 
mixer in a v.h.f. converter can be designed 
wi th other objectives in mind. These may in
clude freedom from overloading, and desired 
bandpass characteristics. Where the oscillator is 
tunable, reaction on the oscillator frequency by 
mixer circuits may be a factor to be considered. 

The mixer can be a peotode, a triode, a trau
sistor, or even a crystal diode. Pentodes gener
ally provide higher conversion gain and require 
less oscillator injection than triod1;:s. Properly 
designed, they offer good overload characteris
tics. T heir upper limit of frequency for good 
operation is somewhnt lower than for triodes. 
The triode mher is simple, and it works well at 
any frequency in the v.h.f. range. Transistor 
mixers may use either FET or bipolar transistors, 
but the latter are more susceptible to overload
ing. 

Crystal-diode mixers are common nt 420 Mc. 
and arc standard practice for all higher amateur 
bands. When suitable diodes and circuits are 
used, tl1e noise figure obtainable with a crystal 
mixer in u.h.f. work is better than all but the 
very best vacuum-tube circuits. The crystal 
mixer witl1 np preceditlg r.f. amplifier is an ef
fective u.h.f. receiving device, pro,ided that 
the first i.f. stage following it is of low-noise de
sign. Low-noise design information in the section 
on r.f. amplifiers npplies equally to i.f. stages 
folIO\ving a diode mixer. 

A v.h.f. converter u:>ing tubes or transistors 
nearly always has an r.f. amplifier stage ahead of 
the mixer, in the interest of low noise figure, but 
where extreme simplicity is the primary concern 
the amplifier may be omitted. The noise figure of 
the mixer tl1en becomes important, requiring dif
feren t operating conditions from those employed 
when an amplifier is used . 

In the pentacle mixer circuit, Fig. 3-4A, the 
optimum value of screen resistor depends on 
whether or not an amplifier precedes the mixer. 
Best noise figure is obtained if the plate current 
is held to the lowest usable value, so the screen 
resistor, R1, will be around 1 megohm in a sim
ple converter wHh no r.f. stage. Low plate cur
rent makes for easy overloading, however, so 
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the tube is allowed to draw more current in a 
converter having a good r.f. amplifier ahead of 
tho mixer. Usual values are 10,000. to 47,000 
ohms, depending on plate supply voltage. Any 
of several miniature pentacles ( 6AK5, 6CB6 and 
others) will work well as mfaers, up through the 
220-Me. band. 

A typical triode mixer circuit is shown at B 
in Fig. 3-4. Any v.h.f. triode is suitable for use 
to at least 300 Mc. Some of the better types 
( 6AM4, 6CW4, 6]6 etc.) will work well up to 
about 500 l\llc., though crystal mixers tend to 
take over in amateur service above 420 Mc. 

Various arrangements are shown for input 
and output coupling, and for feeding injection 
from the oscillator to the mixer. These are given 
as examples, rather than to show a circuit tl1at 
is desirable for the type of tube in question. Ca
pacitive coupling from the r.f. stage, as in A, is 
simple; but inductive coupling, as in B, can be 
used for desirable band-pass eifect and better 
rejection of unwanted frequencies. There is lit
tle choice between the output coupling methods 
given in A and B, though A may be slightly 
better in cases where leak-through of signals at 
tl1e intermediate frequency is troublesome. In
jection coupling can be inductive, as in A, or 
capacitive, as in B. Capacitor C4 can be made 
variable by usi11g the ends of insulated bookup 
wire, twisted together for a tum or lwo. Either 
coupling method should be adjusted to the low
est value that wiJl give satisfactory conversion 
gain. Excessive injection may increase the likeli
hood of overloading and spurious respanses. 

The mixer plate circuit L.,c~ should have 
low Q to prevent humped -reSponse at one 
portion of the desired tuning range. Capacitor 
C:i should be a low value, and preferably con
nected diJ:ectly between the plate and cathode 
terminals of the mixer tube socket. Connected 
in this way, C2 helps to prevent parasitic reso
nance near the signal frequency in the mixer 
plale circuit, which could result in oscillation. 
This trouble is more common in triode mixers 
tl1an with pentodes, but the above is good oscil
lation insurance with any tube mixer. 

Dual tubes are often used in mixer-oscillator 
service. \<Vl1cre there is a common heater and 
catJ1ode, as in the 6)6 and 6X8, injection cou
pling through the tube elements may be suffi
cient. In others the coupling may be as shown 
in A or B. In the case of triode-pentodes it is 
customary to use the pentacle as the mixer and 
the triode as tl1e osciJJator. 

A very simple mixer-oscillator using a single 
transistor is given in Fig. 3-4C. As with circuits 
A and B, L1C1 resonates at the signal frequency. 
The oscillator tuned circuit is L3C3. In a 50-
~lc. mixer this combination tunes in the 24-~lc. 
region, its second harmonic beating with incom
ing signals in tl1e 50-}.lc. band to p rovide an 
i.f. of 1600 kc. The output circuit, L:iC2, may 
be coupled inductively to the .. loopstick" an · 
tenna of a small pocket broadcast receiver, or it 
may be link-coupled to a receiver having a low-



Mixers and Oscillators 

R.F.__J 
AMP.-, 

(A) 

l .F. OUTPUT 

+ 
Figs. 3-4-Mixer circuits for v.h.f. converters. A pentode 
mixer, A, may be adjusted for good noise figure or 
maximum resistance la overloading by varying the value 
of R1 . Pentode mixers ore used mainly for the lower 
v.h.f. region. The triode mixer, B, works well on any 
frequency up to about 500 Mc. A very simple transis
tor mixer-oscillator circuit for use with broadcast re· 
ceivers is shown at C. For other transistor mixers, see 
Chapter 4. 

impedance input circuit. Cnpacitor C2 "looks 
like" a bypass to the 24-Me. energy in L3. 
This mixer-oscillator is subject to spurious re
sponses of many kinds, but it is useful in simple 
v.h.f. converters where ideal performance is not 
important. Further details and an applicntion 
will be found in Edition l of th is Manunl, in 
the 44tb and 45th Editions of the ARRL Hand
book, and November, 1964, QST, page 26. 

Where a crystal mixer is used without a prc
cce<ling low-noise r.f. amplifier, two points are 
important lf low-noise performance is to be 
achieved. First, injection to the mixer should be 
as pure as possible. Care should be taken to 
eliminate unwanted products of the oscillator
multiplier sta~es, as injection of other than the 
pr()pcr heterodyning frequency will add to the 
mixer noise and tend to prnduce responses to 
other than the desired signal frequencies. Sec
ond, coupling between the injection stages ancl 
the mixer should be loose. Otherwise, much of 
the signal may be lost through the injection cir
cuits. 

Oscillators for V.h.f. Converters 

Most v.h.f. converters used today arc the 
crystal-controlled variety, but the tunable-oscil
lator converter still has its uses. It is good where 
the receiver or i.f. system with which the con
verter is used does not have adequate tuning 
facili ties. A tunable converter is less subject to 
interference from signals at its intermediate frc-
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quency, because this frequency can be selected 
for freedom from i.f. interference and then left 
set. If the mixer and r.f. stages are gang-tuned 
with the oscillator they can be made as selec
tive as good engineering permits, thus effecting 
a considerable reduction in interference poten
tial from out-of-band signals. 

The tunable oscillator presents stability prob
lems, however. The components must be me
chanically and elcctricaJly selected with this in 
mind. The tuning capacitor must be solidly 
built, and preferably the double-ended type. 
Split-stator variable capacitors designed for v.h.f. 
service, having n1gged mounting brackets and 
possibly ball-bearing end plates, are well worth 
their extra cost. Leads should be stiff wire. 
Coils should preferably be wound on ceramic 
forms. If air-wound they should be supported 
rigidly in some mrumer, and not suspended on 
t11e.ir leads. The oscillator should run at very 
low input, and its plate voltage should not be 
removed during transmitting periods. 

Tunable oscillators for v.h.f. converter service 
are shown in Fig. 3-5. Circuit A may be used with 
any v.h.f. triode, the 6AF4 and 6CW4 being fa
vored. The transistor circuit, B, is useful mainly 10 

100:~ 
~ ~2 lLI 

T., 
OUTPUT l"l9V. (B) 

Fig. 3-5-Tunable oscillator circuits for use in v.h.f. converters. 
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for 50-Mc. converters. Any v.h.f. transistor should 
do. In both circuits the values for L1, C 1, C2 de
pend on frequency. In B, C~ and C~ should be as 
high as can be used and still sustain oscilJation; 
180 and 220 pf. are typical. R1 mnybc omitted if 
there is no problem with parasitic oscillution. The 
padder cnpacitor, C,., is used to set t11e tuning 
range to the proper frequency, and 10 spread out 
the tuning on C1 . It can be temperature compen
sated to correct drift due to heating. Output can 
be taken olF through a link around L 1, or by capa
citive coupling to any portion of the tuned circuit. 

In n crystal-controlled converter the oscillator 
can make use of any of the circuits shown in 
Chapter 5. Usually it will be an overtone oscil
lator, Fig. 5-4, and the same considerntions 
apply as for transmitting. Most converter de-
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signers mount their oscillator and multiplier 
stages in the same assembly as the r.f. portions 
of the converter, but there arc good arguments 
for building the injection stages separately. Par
ticularly where multiplier stages are needed, ns 
in most converters for 144 !Vic. and higher, a 
separate injection unit makes complete isolntion 
more feasible, preventing umvanted frequencies 
from reaching the mixer. This may be helpful 
in eliminating interference from TV, f.m. and 
other services operati11g in tJ1e v.h.f. region. 

?-.foltiplicr stages in a C.'01Werter should oper
ate at as low n power level as possible. A con
venient way to obtain high orders of frequency 
multiplication is the crystal-diode multiplier, 
shown in several of the converters described in 
Chapter 4. 

COMMUNICATIONS RECEIVER PROBLEMS 
iv1ost of the information in this ehnpter has to 

do with crystal-controlled converters, since this 
is the most common approach to v.h.f. recep
tion. The converter is only part of the problem, 
however. Uuless the h.f. receiver with which 
the converter is to be used L~ satisfactory in the 
qualities discussed in the llrst paragraphs of this 
chapter, the best v.h.f. converter design will be 
largely wasted. Let us consider lhe communica
tions receiver, therefore, from the point of view 
of the v.h.f. converter user. 

Selectivity: If a receiver is satisfactory for the 
h.f. amateur bands it will be selective enough 
for v.h.f. service. ~lfost communications receiv
ers will satisfy all but the most critical users in 
this respect. 

Stability: Tuning with converters imposes no 
special stability problems. Some receivers, par
ticularly older or inexpensive ones, may have 
progressively poorer stability on each higher
frequency band, so this may be a factor in 
choosing the converter output frequency range 
that wi ll be most desirable with a given re
ceiver. 

Sensitivity: The ability of a v.h.f. receiving 
setup to detect weak signals is determi,i1ed al
most ontirely by the llrst stage of the v.h.f. con
verter. Any communications receiver worthy of 
the name will have more gain and sensitivity 
than you'll ever need in using a converter ahead 
of it. 

Mechanical Qualities: These probably rate 
flrst in choosing a receiver for v.h.f. converter 
use. In general-coverage receivers the tuning 
ra te of tl1e dial system is very important to the 
v.h.f. man, whereas it may be only a minor 
consideration to other users. Such receivers ordi
narily cover from the broadcast bnnd through 
30 ~le., usually in fom to six ranges. Ou inex
pensive receivers having four bandswitch posi
tions, each range covers such a wide frequency 
spread that the number of kilocycles per rota
tion of tJ1e tuning knob is almost ccrlnin to be 
excessive. Receivers having five bnnds may be 
better, but usually the tuning rate will be too 
high on frequencies above about 10 ~le. or so. 

This may be n factor in selecting tl.ie most de
sirable converter output frequency range. Some 
of the better general-coverage receivers have 
six or more bandswitch positions. Only these 
give adequate tuning smoothness for the v.h.f. 
man, ordinarily. 

There arc ways around tliis problem. One is 
to mount :1 vernier mechanism in place of the 
knob on the general-coverage dial. Usually a 
mounting arrani,:emcnt can be worked out that 
will not disOgurc the receiver in any way. Two 
examples arc sltown in Figs. 3-6 and 7. The 
llrst utilizes n 5-to-l vernier drive, the other a 
two-speed drive. 

An alternative Approach with two-dial receiv
ers is to do the tuning with tJic banclspread dial, 
resetting the general-coverage dial as each ad
di tional swing of the bandspread meclmnism is 
made. This gives good tuning rate, but after the 
llr.;t swing the calibration is lost. Because the 
two are connected in parallel, changing the set
ting of tl1c general-coverage capacitor changes 
the number of kilocycles a given number uf 

Q 
Fig. 3-6-Typlcol mounting fo r a vernier dial lo bo usod 
on a generol·covorage receiver. Mechanical orrongo
menls con be worked out to fit most receivers without 
the necessity for drilling holes or otherwise permane nt
ly disfiguring the receiver. Adjacent control shafts ond 
nuts provide convonionl anchorages. 
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Fig. 3-7-Example of use of a two-speed planetary 
mechanism ta slaw down the tuning rate on the gen· 
eral-coverage dial of an inexpensive communications 

receiver. 

revolutions of the other capacit~r will cover. 

Rejection of Unwanted Signals 

Image rejection is the principal concern here. 
Single-conversion receivers with 455-kc. i.f. sys
tems have relatively poor image rejection, so 
there is a tendency for strong signals to be re
peated 910 kc. away from the desired response. 
This trouble is worse at the high end of the re
ceiver's coverage than at the low. Up through 
about 10 Mc. most receivers are selective 
enough in their r.f. circuits so that the image is 
not bothersome, so a converter output frequency 
range ueginning at 7 Mc., for example, may be 
preferable to one starting at 14 Mc. 

:Vlost receivers made prior to the late 1940s 
were single-conversion models. Except for the 
image problem, many such older receivers are 
quite satisfactory fo r v.h.f. converter service, so 
this is an important factor in selecting the con
verter output frequency. An old but good re
ceiver may be a better value for the mont'y than 
an inexpensive newer model, since the v.h.f. 
man is primarily concerned with receiver quali
ties that have not changt'd greatly in m::wy 
years of receiver development. Some receivers 
elating back even to before World War II ~till 
serve the v.h.f. man's needs quite well, if the 
converter output frequency is kept low. 

Some receivers may not be comple tely shield
ed, with the result that stations operating in the 
converter output frequency range may be heard 
along with the desired v.h.f. signals. This is a 
converter design problem as well, but corrective 
measures may have to be applied at the re
ceiver. The three-terminal antenna connection 
plate used on many communications receivers 
is shown in Fig. 3-8. Usually Terminal 1 is con
nected to the chassis inside the receiver. This 
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connection may act as a coupling loop for i.f. 
signals. Removing the internal connection and 
grounding terminal 1 on the outside of the clrns
sis may correct this. 

A better solution is to install a coaxial fitting 
on the rear wall of tbe chassis. When this is 
done, the lead nornrnlly connected to Terminal 
2 inside the receiver should be permanently 
grounded, and the lead that went to Tem1frial 3 
should be connected to the inner conductor of 
tl1e coaxial fitting. 

H.eceivers may pick up signals through the 
n.c. line to some extent. Bypassing the a.c. lead 
inside the chassis should take care of this source 
of i.f. leak-through. Some receivers, such as early 
models of the HRO, have separate power sup
plies. Power cable leads may pick up signals, 
and also radiate hannonics of the receiver oscil
lator that may show up .in the tuning range of 
the v.h.f. converter. Filtering and bypassing 
power supply leads is required in these in
stances, much as would be done in TVI-preven
tion work on a transmitter. See Chapter 12 for 
examples. 
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Fig. 3-8-The 3-terminal antenna col)nection plate used 
on many communications receivers may be a source of 
interference from signals picked up ot the converter 
output frequency. Remove the loop from Terminal 1 to 
ground (i nside the receiver) and connect 1 to ground 
on the o utside of the chassis. Ground the i.I. coax to 
Terminals I a nd 2, and connect the inner conducto r to 
Terminal 3. Better still, install a coaxial fitting on the 
rear wall of the chassis, to replace the terminal board 
entirely. 

To tell whether signals at the intermediate 
frequency are coming through because of re
ceiver deficiencies or directly through the v.h.f. 
converter, try running the receiver alone with 
its antenna terminals shorted. If no signals are 
heard in this condition it can be nssumecl that 
the trouble lies in the converter. The problem 
may be one of improper bonding between the 
receiver and converter chassis. The outer con
dnctor of the coax interconnecting the units 
may not be enough. Place the converter close 
to the receiver, and then bond the two together 
with a heavy braid or strap of copper. Often 
this will eliminate the leak-through trouble. Ef
fective bypassing of the converter power cir
cuits is another step if the bonding fails. Use 
0.01-µf. disk capacitors for this pu.rpose. Lower 
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values may not provide complete bypassing at 
frequencies under about 10 i\lc. 

General-Coverage vs. Amateur-Band Receivers 

E xcept for a few models that hnve a special 
tunini< range for v.h.f. converters, receivers de
sij!ncd for amateur-band service c>xch1sively clo 
mit meet the v.h.f. man's tunin i< needs fully. 
The ohvious solution to this problem is to use 
more than one crvstal in the v.h.f. converter. 
Two crystals will ~ve the requir<'d 4-mcgacycle 
spread with receivers that tune 28 to 30 i\lc., for 
cxnmplc. This may not be entirely satisfactory, 
however, as U\e performance of some receivers 
is poor in the 28-l\lc. range compnrcd to lower 
frequencies. 

V.h.f. men who want the best reception with 
a minimum of crystal changing may d ecide to 
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forfeit coverage of some par ts of the v.h.f. bands 
in favor of those that can be covered readily on 
ranges where their receivers work best. T his 
might mean us ing a receiver·s 400-kc. coverage 
at 14 Mc. with two converter crystals, for exam
ple, to give 144.0 to 144.4 Mc. and 145.0 to 
145.4 Mc., or any other segments thnt mny hap
pen to At a ICJcal activity picture. 

Some CCJmmunications receivers themselves use 
crystal-controlled oscillators with a tunable i.f. 
system. Crystals arc usually supplied to cover 
tl1e amateur bands from 3 .5 to 30 1\lc. with such 
receivers. In some instances (as for example the 
Collins S- Line) crystals can be obtained to ex
tend the continuous coverage. Continuous cov
erage from 14 to 15.8 "k. is possible with a 
755-1 or S-3, for example, hy subs tituting sui t
able crystnls in the 21- and 28-Mc. positi CJns, 
for those supplied with the receiver. 

RECEIVING F.M. 

E/Tective use of frequency modulation de
mands the right receiving techniques. T he r.f. 
end of the v.h.f. receiving setup is the same for 
f.m. as for other modes; it is in the i.f. and de
tector circuits that tl1e f.m. receiver differs. T he 
fact tlrn t our receivers are almost invariably de
signed with c.w., a.rn. and s.s.h . requirements 
in mind, but with no provision for good recep
tion of f.m., is probably the grcntest deterrent 
to general acceptance of f.m . in amateur com
munication. In many respect·s CJur neglect of 
f.m. is unfortunate, for it could contribute much 
to the v.h.f. scene. It has been said, with some 
wisdom, that if f.m. h ad been invented first and 
had become well established before other voice 
modes came along, it almost certainly would be 
the standard method of voice communication all 
through the v.h.f. and u.h.f. spectrum today. 

T he f.m. receiver problem is twofold. A type 
of detector circuit unsuited to other modes must 
be emp loyed if the full potenlinl of f.m. is to be 
realized , and the bandwidth of the receiver 
must match that of the trnnsmitlt!r more pre
cisely than with other modes. As used today, 
f.m . may be wide-band or narrow-band in na
ture. The former is not intelligible when tuned 
in on a receiver of the usual communications 
bandwid th. We will discuss thll special nature 
of the wide-band f.m. receiver later. 

Narrow-Band F.M. Detection 

Frequency-modulated signals of the narrow
band variety can be received after a fashion on 
the conventional communicntions receiver hav
ing an a.m. detector, b>' what is called slope 
detection. In Fig. 3-9A we see a signal tuned in 
part-way down one side of the selectivity curve. 
E ither side wiU do on most receivers, but the 
carrier strength is always less than the maxi
mum possible with norma l tuning "on the 
nose." 'When the frequency of the signal varies 
with modulation, it swings up n11d down the 
curve slope, resulting in an amplitude variation 

in accordance wiU1 the modulation on the sig
nal. If this swing is kept within the portion of 
the selectivity curve Urnt is linear , this results in 
an f.m.-to-a.m. conversion that permits the sig
nal to he handled by the a.m . detector. 

It can bu scun that slope de tection is inher
ently a m1lkcshift method of reception, never 
very eHlt:ient. lf the receiver selectivity curve is 
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Fig. 3·9- F.m. or p.m. detection characteristics. A
"Slope detection," using the sloping side of the re
ceiver' s selectivity curve to convert f.m. or p.m. to o.m. 
far subsequent rectification. B-Typical discriminator 
characteristic. The straight portion of th is curve be· 
tween the two peoks is the useful region. The peaks 
should alwa ys lie outside the poss bond of the 

receiver's selectivity curve. 



F.M. Detection 41 
c, 

l .F.T. 
SEC. 

(FROM 
1.F. 

. 1)11. 

IOOJ.il'f. 
AMP.I 

--;:;--- -----...l 
'--~t--".JVV-t--._ __ _.~-t-~-H~~ RFC1 

.Ol)Jf. 

+B (250-300V.) 

Fig. 3-10-Limiter-discriminator circuit frequently used al 455 k.c. in the form of an "adapter" for com
munications receivers, for reception of narrow-bond f.m. signals. 

C1-App. 100 pf. for 455-kc. i.f.; 50 pf. for higher 
frequencies. 

Ti -Discriminator transformer for i.f. used. Push-pull 
diode transformer may be substituted, 

symmetrical and not too steep-sided, the signal 
may sound quite satisfactory, if it is strong. 
Some v.h.f. operators may not notice immedi
ately that the signal is frequency modulated. 
There is a narrow segment of distortion at the 
center, but since the signal is usually ap
proached from one side or the other the oper
ator stops tuning before the distortion point is 
reached, and thus L~ quite happy with what he 
hears. But if the signal is weak he will notice 
that the audio level appears low compared with 
an a.m. signal of the same strength. If he does 
not recognize the f.m. for what it is, he is sure 
to complain of "low modulation." 

If the receiver has the very steep-sided re
sponse that the mechanical filter and the crys
tal-lattice filter provide (and these are used in 
many of our better h.f. receivers) f.m. detec
tion by the slope method produces considerable 
distortion and is inefficient. In any case, the fre
quency deviation of the transmit ter must be ad
justed to fit the receiver response exactly, if 
maximum audio recovery is to be achieved. 
Since there is wide variation in i.f. characteris
tics of communications receivers currently in 
use, this optimum matching is seldom achieved 
except by accident or individual experiment. 

If the receiver bandwidth is appreciable, as 
in nearly all small a.m. transceivers for the 
v.h.f. bands, the operator will hear little audio 
on an f.m. signal where the deviation has been 
adjusted for satisfactory audio on a communica
tions receiver-converter setup. lf the transmitter 
deviation is increased to give usable audio level 
with the unselective transceiver, the result is an 
unintelligible jumble to the user of a communi
cations receiver. Wide-band f.m. occupies more 
space than can be spared in crowded bands, so 
it is not permitted below 52.5 Mc. 

Wide-Band F.M. Reception 

Wide deviation is capable of producing a re
markably noise-free signal in a receiver specifi
cally designed for it. The true f.m. detector will 
have a characteristic similar to that shown in 

RFC1-10 mh. r.f. choke for 455-kc. i.f.; 2.5 mh. satis
factory for frequencies above 3 Mc. 

V1-6AU6 or equivalent. 
V2-6Al5 or equivalent. 

Fig. 3-9B. The output is zero when the un
modulated carrier is tuned to the center, 0, of 
the characteristic. When the frequ ency swings 
higher, the rectified output amplitude increases 
in the positive direction (in this example), and 
when the frequency swings lower the output 
amplitude increases in the negative cHrection. 
Over the range in wluch the characteristic is a 
straight line the conversion from f.m. to a.m. is 
linear and there is no distortion. One type of 
detector that operates in this way is the fre
quency discriminator, which combines the f.m.
to-a.m. conversion with rectiflcation to give an 
audio-frequency output from t11e frequency
modulated r.f. signal. 

Limiter and Discriminator 

A practical discriminator circuit is shown in 
Fig. 3-10. The f.m.-to-a.m. conversion takes 
place iu transformer T 1, which operates at the 
intermediate frequency of the receiver. The 
voltage induced in the transformer secondary, 
S, is 90 degrees out of phase witl1 the primary 
current. The primary voltage is introduced at 
the center tap on the secondary through C1 and 
combines with the secondary voltages on each 
side of the center tap in such a way that the 
resultant voltage on one side of the secondary 
leads the primary voltage and the voltage on 
the other side lags by the same phase angle, 
when the circuits are resonated to the unmodu
lated carrier frequency. When rectified, these 
two voltages are equal and of opposite polarity. 
If the frequency changes, there is a shift in the 
relative phase of the voltage components that 
results in an increase in output amplitude on 
one side of the secondary and a corresponding 
decrease in amplitude on the other side. Thus 
the voltage applied to one diode of V 2 increases 
while the voltage applied to the other diode 
decreases. The difference between these two 
voltages, after rectification, is the audio-fre
quency output of the detector. 

The output amplitude of a simple discrimina
tor depends on the amplitude of the input r.f. 

AUDIO 
OUT 
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signal, which is undesirable because the noisc
reducing benefits of f.m. are not secured if the 
receiving system is semitive to amplitude vari
ations. A discriminator is always preceded by 
some Forin of amplitude limiting, 1·hcrefore. The 
conventional type of limiter also is shown in Fig. 
3-10. It is simply a pentode i.f. ninplifier, V1 , 

with its operating conditions chosen so that it 
"satura tes" on a relatively small sig-niil voltage. 
The limiting ttction is aided by grid rectifica
tion, wi th grid-leak bias developed in the 50,-
000-ohm resistor in the grid circuit. Another 
contributing factor is low screen vol tage, the 
screen voltage-divider constants being chosen 
to result in about 50 volts on the screen. 

In tuning a signal with a receiver having a 
discri111inator or other type of f. m. dtitector the 
tuning controls should be adjusted to center the 
carrier on the detector charactcrislic. At this 
point the noise suppression is most marked, so 
the proper setting is easiJy recoguizcd. An am
plitude-modulated signal tuned ut the same 
point will have its modulation "washed off' if 
the signal is completely limited in amplitude 
and the djscriminator alignment is symmetrical. 
With either f.m. or a.m. signals, there will be a 
distorted audio-frequency output if the receiver 
is tuncd "off-center." With slope detection of 
f.m. the situation is reversed. l'. linimmn distor
tion is achieved with tlie signal detuned to one 
side of center, and d istortion appears at the 
middle. 

Wo have described slope detection as a na.r
row-baud technique, and the f.m. discriminator
limitcr as wide-band, but either method can be 
used witl1 any bandwidth. It is m;iinly the wide
spread use of communications receivers of the 
a .m. type that makes slope detection primarily a 
narrow-band approach. When wide-band f.m. 
is received on the typical v.h.f. transceiver, it is 
by slope detection. Conversely, many conununi
calions receivers can be equipped with outboard 
f.m. limiter-discriminator circuits, which make 
them efficient detectors of narrow-band f.m. 

lt is important to remember that there is no 
one receiving system that works with both widc
ancl narrow-band f.m. transmission. But when 
the best possible receiving method is used, f .m. 
of any deviation is capable of proch1cing results 
in voice communication that compare favorably 
with lhe best a.m. detection systems. 

Frequency modulation has shown iL~ worth to 
the e.'l: lent that it is almost standard for all v.h.f. 
communication outside the amateur bands. Po
lice, fire, commercial mobile services and the like 
are not bothered by the receiver problems dis
cussed above, as their work is hotween various 
station units all designed to work togetber. Trans
mitters and receivers are both crystal-controlled, 
and are set up on a prescribed chnuncl and left 
there for the life of the equipment. The demand 
for frequencies for th is use soon exceeded tho 
supply, and channel widths were cu t down by 
law, to pennit assignment of more channels in a 
given portion of the spectrum, making laTgc 
quantities of used but serviceable equipment 
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available for conversion to amateur service. 
Fixed-frequency operation may be forcii,,rn to 

a v.h.f. operator's concepts of what amateur 
communication should be, but it has many uses 
and the availnbility of equipment at moderate 
cost hns produced something apprnnching n 
boom in f.rn. in the 50-, 144- and 420-Mc. 
bands. Heliable emergency communication, ra
dio club or net liaison, extension of local cover
age throug h strategicnlly-locatecl repenter sta
tions-these arc just a few of the possibilities 
opened up by the f.m. equipment bonanza. 

Technically, this equipment is classed as 
"wide-band." Unfortunately, it is rather in be
tween true wide-band and narrow-band f.m. The 
deviation is too great to permit reception on typi
cal a.m. gt•ar used by nrnaleurs, and too rrn rrow 
to work well with i.f. bandwidths used in f.m . 
hroadc.-ist inS! and in TV sound. lt is very elTee
tive where both receiver :md transmitter from 
this class of service arc used. 

Wide-Band F.M. with Simple Gear 

An npplicnlion for true wide-band f.m. that 
seems not to have occurred to most v.h.f. e nthusi
asts is its use in connection \vith simple modu
lated-oscillator transmitters. The transmitting 
aspect of this is discussed in Chapters 5 and 6, 
but the important point is that in modulating a 
v.h.f. oscillator the first thing you get is f.m. 
Swinging the plate voltage on a simple oscillator 
results in changes in frequency, before there is 
appreciable nm11lilt1de modulation. The resu.lting 
signal may not be simon-pme f.m. , and Jt is out 
of phce in a crowded band, but it sounds better 
than yoll 'd Lhink on a receiver of the bamhvidtll 
used in f.m. broadcast reception. 

This ~11ggcsts a simple communications sys
tem for frequencies where tl1cre is room for it: 
oscillator or oscillator-amplifier transmitters of 
simple design and converters working into f.m. 
broadcast receivers. Purists who insist on T-9 
notes and narrow-band reception will frown on 
this approach, nnd admittedly it is far from the 
ultimate in technical development, but it does 
work extremely well in 11 practical and low-cost 
way. The upper portions of the 144- and 220-
l\lc. bands could support quite a bit of this sort 
of thing without botherirtg anyone, and nearly 
all the vnst expanse of tJ1e 420-Mc. band except 
a small segment beginning at 432 Mc. is fair 
game for it. If there is a n effective "simple 
way" left to ham radio in the world nbove 50 
Ille., this is it. 

Reception can be handled in several ways. 
The nearest thing we know of to a universal re
ceiving system for the v.h.f. man is a converter 
of conventional design working into a conmmni
cations receiver having provision for wide-band 
f.ru. reception. The Hallicrafters S-240 is one 
such receiver made today, and several useful 
models aro on the used-receiver market. The best 
for our purposes are tJ1e Hallicrafters SX-42, SX-
62 and SX-43. These have two i.f. channels: one 
for the usual communications bandwidtJ1s and 
the other for wide-band f.m. and a.m. The wide 
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channel comes into play on all frequencies above 
30 Mc. and is optional for 27 to 30 Mc. A con· 
vertcr working into the receiver at 27 Mc. thus 
may be used for conventional nnrrow-bnnd 
work, or for wide-band f.m., at the flip of a 
switch. 

A somewhat less versatile model is the Halli
craftcrs S-27, or its later version, the S-36. This 
series has no narrow-band channel, but is equal
ly good for wide-band work. All these receivers, 
incidentally,- are fine for f.m. broadcast recep
tion. They arc also handy for checking the v.b.f. 
range for skip propagation, since their coverage 
is continuous above 27 Mc. 

n caching farther back into history, the f.m. 
broadcasting band was once 42 to 50 Mc. There 
arc a few receivers for this range still around, 
and t11ey work well for ow: purpose if used with 
converters for 144, 220 or 420 Mc. Tbe more 
modern f .m. receivers, for the band at 88 to 
108 Mc. may also be used in this way. Tunable 
converters are practical for wide-band f.rn., be
cause the small amount of drift and mechanical 
instability inherent in t11e average good design 
is not enough to cause trouble in this receiving 
application. 

Other i.f. systems may be pressed into service 
with tunable converters. The sound i.f. system 
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of a defunct TV receiver is a possibility. De
viation in T V sound transmission is 25 kc., 
whereas f.m. broadcasting is 75 kc. A com
plete receiver for the low-band commercial mo
bile channels, or just the i.f. system nnd audio of 
any mobile f.m. unit, could be used witll a tuna· 
hie converter. It should be remembered that the 
bandwidth of these receivers is 30 kc. (trans
mitter deviation 15 kc.) and t11eir use will im
pose strict requirements on oscillator stability in 
both transmitter and receiver. Building a com
plete receiver for wide-band f.m. is not a par· 
ticularly difficult job. All the necessary i.f. com· 
ponents are readily available, or can be sal
vaged from used gear. Front-end tuning is un
critical mechanically and electrically, because 
of the greater bandwidth involved. Inexpensive 
portable f.m. receivers migl1t offer promise as 
tuners for portable f.m. transceivers. 

Whatever system is employed, the results are 
likely to be a pleasant surprise to anyone ac
customed to the high noise level and restricted 
audio ranges that are charactcri5tic of most 
voice communication. Wideband f.m., even with 
relatively simple equipment, is capable of ex
cellent voice quality and almost complete elimi
nation of noise. In practical communications 
range it is approximately equal to the best a.m. 

TUBES OR TRANSISTORS? 
It is no news to most readers that v.h.f. recep· 

tion todny is swinging to transistors and other 
.~o lid -statc devices, to t11e almost complete aban
donment of vacuum tubes. It is the fashion to 
st·ntc that anyone who uses tubes today is hope
lessly out of date. What is t11e real trut11 of the 
transistor-lube C'Ontroversy? 

In favor of transistors it can be said that they 
have opened up a whole new field for small, 
lightweight, low-cost portable v.h.f. gear. They 
reign supreme here, giving performance better 
than was ever possible with tubes, with battery 
economy and portability ricvcr before ap
proached. In recent years, transistors have also 
made possible r.f. amplifiers and complete v.h.f. 
converters having extremely low noise .figure. 
Particl1larly at 144, 220 and 420 Mc., solid-state 
devices equal or exceed tubes in low-noise re
ception capabilities. But with t11e common bi
polar tTansistors, which until recently have 
yielded the best noise figures, we have had to 
accept limitations along with Uie gains. Being 
small-signal diodes, bipolar tmosistors are very 

fussy as to overloading. 
The field-effect transistor ( FET) now promises 

to correct much of thjs, lmving dynamic qual
ities much like the better tubes. The F ET is now 
available in types that work very well up to at 
least 500 Mc., and in the amateur v.h.f. bands 
they offer many advantages. But where perfor
mance is the only criterion, there may be no 
marked advantage in conversion to solid-state 
techniques. 

The amateur who has been in the game for 
some years will have accumulated a considerable 
inventory of equipment designed around vac
uum tubes. Where .he bas tlle power supplies 
and other accessories for tube operation, he may 
stand l'o gain little by converting to transis tors, 
alld have nothing to lose by continuing with 
tubes. The newcomer making a fresh start on the 
v.h.f. bands might, on tl1e otller hand, wish to 
avoid use of vacuum tubes for everything ex
cept high-power amplifiers in his transmitters. In 
receiving, at least, he shoukl give the solid-state 
approach serious consideration. 
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V.h.f. Receivers, Converters and 

Preamplifiers 
This chapter will deal with the actual con

struction of receiving equipment for the bands 
from 50 through 450 Mc. To conserve space and 
present the greatest possible variety of praclical 
examples for the home-builder of v.h.f. gcnr, 
the material to follow will lean heavily on Chap
ter 3 to eAJ>lain why and how certain circuits are 
used. Our text will assume that the render is 
familiar with what has gone before. If you hnve 
not already done so, it would be well to rend 
Chapter 3 carefully before starting construction 
of any of the units to be described. It might 

save you some time and trouble in the end. 
Though "v.h.f." is the label given to frequen

cies from 30 to 300 Mc., amateur practice tends 
to include the 420-Mc. band in the v.h.f. pic
ture. Thus examples of gear for that band will 
be found occasionally in our v.b.f. chapters. 
\Vbere the equipment design is essentially the 
same as that employed on lower frequencies 
we will lump 420 with 50 through 225 Mc. in 
our descriptive material. Examples of the use 
of true u.h.f. circuit techniques for 420-Mc. 
gear will be found in Chapter 10. 

AN EASY-TO-BUILD TUNER 
FOR 14 TO 18 MC. c: 

Some means of listening is the first require
ment of the newcomer to amateur radio. It mny 
be one of the thorniest problems for the v.h.f. 
beginner. It is almost standnrd practice in v.h.f. 
circles to use a converter ahead of a communi
cations receiver, but as explained in some dctnil 
in the preceding chapter, many receivers thnt 
are passable on lower bands are not well suited 
for use with v.h.f. converters. The v.h.f. new
comer thus may be in tl1e market for a tuner 
covering 14 to 18 Mc. that will permit him to 
use converters effectively, without the e;\1Jense 
of buying or building a first-class communica
tions receiver. 

The tuner of Fig. 4-1 was designed to fil l this 
need. It can be b1.dlt easily at moderate cost, 
and it works with converters fairly well. Build
ing it gives the beginner good receiver experi
ence, yet his investment is low enough so that 
he can afford to replace tlie tuner when he is 
ready for someth.ing better. Even then, it re
mains useful as a standby receiver, and for 
portable work. 

The Nuvistor converters described later were 
built for use with this tuner as the receiving 
portion of a complete v.h.f. station pictured in 
Chapter 7. They are topllotch equipment, cnpn
ble of tl1e best in v.h.f. reception with good 
conlDlwtications receivers. The invesbnent in 
tl1em is a long-term one. The tuner will enable 
you to get started in v.11.f. work with the con
verters, in an entirely practical way, and at low 
cost. 

Tuner Design 
You can listen on the 14-Mc. amateur band, 

and to various commerciol and broadc:isting 
services between the top end of that band nnd 
18 Mc. with the tuner, so it makes an interesting 

project on its own. Consulting the circuit dia
gram, Fig. 4-3, it will be seen that the tuner uses 
hvo 6CB6s as i.f. amplifier and detector, fol
lowed by a two-stage audio amplifier using a 
6CX8 triode-pentode. Power is obtained by 
plugging into the side of the modulator and 
power supply unit d irectly, or through n 4-wire 
cahle of any convenient length. If the power 
supply hns not yet been built, the tuner may 
be tested on any supply capable of delivering 
150 to 200 volts d.c., at a few milliamperes, 
and 6.3 volts a.c. or d.c. at about Hf amperes. 
The supply should be well-filtered, and hnve 
fairly good d.c. regulation, for best results with 
the type of detector used. If hum is encountered, 
try adding 4 µf. or more, from pin 6 to ground. 

The detector tuning capacitor, C1, is attached 
to a vernier dial (National Type AM-7). The 
actual tuning range is from just below 14 to 
just above 18 Mc., but the white dial scale taped 
to the front panel shows the equivalent v.h.f. 
ranges, 50 to 54 and 144 to 148 Mc. The cali
brated scales can be added after the receiver is 
completed, and you have the range where you 
want it on the dial. Controls below the dial are 
i.f. gain, left, audio gain, center, and regenera
tion at the right. 

Regeneration is the means by which we 
achieve a fa ir measure of performance from so 
simple a receiver. Three tubes may not seem 
like much in these days of umpteen-tube 
cluome-plntcd monsters, but this receiver is not 
unlike those that were in general use not too 
long ago. A regenerative or superregcncmtive 
detector is a marvelous device wl1en properly 

•A full-size tcmplnte for drilling the tut1 cr chossis is 
available from ARRL. Please send 25 cents nnd a 
stamped scl£-nddressed envelope. and give the publica
tion, edition, page number and name of the item for 
whlch the template is requested. 
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controlled, and with the tubes we have today 
they can be made to work much better thnn the 
blooper receivers our predecessors made out 
with in the '20s, and even in the '30s. Such a 
receiver requires a bit of skill and patience in 
tuning, but when you learn how to ride it, the 
regenerative detector will take you a long, long 
way! As a tuner following a crystal-controlled 
v.li.f. converter, its cqunl would be hnrd to find 
in tlte low-priced communications receiver cate
gory. 

The amplifier stage, VP preceding the detec
tor provides gain, but more important it isolates 
the detector from the converter stages, and 
makes control of regeneration a relatively sim
ple matter. The gain control, R1, allows the op
erator to feed signals to the detector at the op
t imum level for all types of reception, and while 
this makes for two-handed tuning and the need 
for a bi t of juggling now and then, it helps the 
simple receiver to <lo its job in an effective man
ner. 

The detector may be operated in three differ
ent conditions by vnrying the screen voltage 
(regeneration ) control, R2• At low screen volt
ages the detector works at low sensitivity, but 
in a completely uncritical manner, making it 
fine for strong local signals. As the voltage is 
h1rned up you hear the noise rise as tJ1e detec
tor nears the oscillation point. Sensitivity and se
lect ivity pick up here, and if the detector is ad
just·ed carefully just below t11c point of oscilla
tion, the sensitivi ty on modulated signals is very 
good. Condition 2 is reached when the detector 
goes into oscillation. In tuning through a signal 
you hear a beat note, just as with a communi-

Fig. 4-1-The simple tuner is 
calibrated for the v.h.f. 
bands, though it actually coV· 
en 14 to 18 Mc. The calibre· 
tion is drawn on white paper 
and taped to the areo around 
the vernier dial. Controls be
low the dial are the i.f. gain 
al the left, the regeneration 
at the right, and audio gain, 
center. 
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cations receiver witJ1 its beat oscillator on. This 
is the c.w. or s.s.b. mode, and highest sensitivity 
is found just on t11e bigh side of the point where 
osciUation stops. 

Condition 3, superregeneration, occurs at 
higher screen voltage, and is characterized by 
a loud "rushing" noise when no signals nre being 
received. Only modulated signah can be copied 
with a supem~generative detector, for there is no 
audible beat with the incoming carrier; only a 
drop in the background noise when the signal is 
tuned in. The degree of quieting is dependent 
on signal strength, and the stronger signals ( lo
cals and some DX) quiet the noise almost com
pletely. Jn superregcneration the detector is not 
easily ovC"rloadcd, and tuning is uncri tical. lt 
is markedly insensitive to ignition and other 
impulse noise. Audio quality is inferiOI' to other 
modes of detection, however, and the rushing 
noise takes some getting used to. Old-timers iu 
the v.h.f. game will tell you that there is no 
music as sweet as U1e rush of a smooth super
regen, but you will not love it tJ1at much, at 
first, if you're new to v.h.f. hamming! 

Building the Tuner 

Parts arrangement in the tuner is not fussy, 
but a layout template i.s available for drilling 
tJ1e clias.~is if you want it, as already mentioned. 
This is most useful if you use component5 me
chanically similar to those in the original, a re
striction that is not too important otherwise. 
Probably the only critical item is the main tuning 
capacitor, C 1. A double-bearing model with 
mow1ting feet front and rear is desirable here, 
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I 
for there may be a slight amount of backlash 
in the tuning with single-bearing types. A tem
plate that comes with the National dial can be 
used in laying out the front panel. The three 
potentiometers can be arranged in any conven
ient manner. 

The power and audio circuits were wired with 
Belden Type 8885 shielded wire. This is not 
absolutely necessary, but it is a great oid in 
doing a neat job. Shielded leads can be any 
necessary length, and can be run in corners of 
the cbass.is or wherever convenience dictates, 
so long as their shields are honded together at 
intervals with solder and held in place with on 
occasional grounding lug. But don't use shielded 
wire for any circuits carrying r.f.I 

Use of insulated tie-point strips for mounting 
smaU parts also makes for a neat wiring job. 
When you assemble the tuner put these strips 
adjacent to each socket. Use whatever lugs you 
need and clip off unused ones when the wiring 
job is done. 

Looking at the tuner from the top rear you 
see the tuning capacitor, cl. and its paddcr, 
C2, at the &ont. The ccr:imic paddcr is at the 
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Fig. 4-2-Rear view of the 
tuner. Note that a double
bearing capacitor is u•ed 
for tuning the detector 
circuit . The ceramic pad· 
der to the loft is C2. 
Tlie detector is tho loft of 
the two smaller tubes. 
Asymmetrical arrange
ment af the twa audio 
chokes is for minimum 
hum pickup. 

left, with it~ rotor lug clamped under a washer 
and its stator lug soldered to the front stator 
bar of C 1. At the right of C 1 is the tuning screw 
for the i.f. amplifier coil, L1-L2• A fcedthrough 
bushing (National TPB ) is mounted directly in 
back of tl1e left-side stator lug of C 1 • The 10-pf. 
fixed padder, the 50-pf. grid capacitor, and the 
top end of L.1 are connected to the underside 
of tl1is fccdthrough. 

The detector tube, V.,, is at the left, and the 
i.f. ampWler, VP is at tbe right, just in back of 
C1. The dual audio amplifier, V 3, is near the 
middle of the chassis. The two chokes at the 
rear and left side of U1c chassis arc Lr. nnd L11, 

respectively. These are used ins tead of audio 
transformers, and just about any small !ilter 
choke will serve. Audio transformers are also 
OK, thou~h somewhat more e1(pcnsive. The out
put coupling a rrangement, Lr,. the .05-µ.f. capa
citor, and phone and speaker jacks, are for use 
witl1 ordinary headphones or a speaker that has 
its own output transformer (a transformer for 
use with ordinary audio output tubes will do). 
A connection directly to the voice coil (low 
impedance) will not work with this coupling. 
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With speaker leads plugged into the tip jacks, 
] 1 and 12, the speaker is connected automati
cally when the phones are removed from / 3 . 

The position of the jacks and the hole for 
bringing out the coaxial input lead, on tJ1c back 
wall of the chassis, is not critical. 

The male power plug, / 4 , on tJ1e left side of 
the tuner when viewed from the front, fi ts into 
a matching socket on the right side of the mod
ulator unit . To use the tuner at some distance 
from the modulator, a cable of the req11ired 
length may be made with an Amphenol 78-SS 
socket at the tuner end and an 86-CPS plug at 
the modulator end. These should be covered 
with Amphenol 3-13 plug caps. Placement of the 
plugs and sockets in the side waJls of the vari
ous components of tho station is not important, 
so long as they all will match up. 

Except for the Lf. and detector coils, L., and 
L 4 , placement of other parts is not critical, 
and considerable varialion from the original can 
no doubt be made witJ1out affecting results. The 
i.f. coil is a standard ~tiller slug-tuned unit of 
approximately 7-µ.h. inductance. The primary 
coil, L 1, is wound over the bottom turns of L2 • 

It is wound on, cemented in place, and left to 
dry while otJ1er work is done. The turns a re in 
the same direction as the secondary, and the 
bottom ends of both windings are connected to 
ground. The top end of L1 is brought to a tie 

68K 
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point, where the coaxial line is connected to it. 
The detector coils, L 11 and L,1, aw rnncle from 

a single piece of B & W Mioicluctor. Start with 
a p iece having at least 20 turns. This fine-pi tch 
coil stock can be cut readily if a sharp knife is 
held against the p lastic supporting strips and 
heated with a soldering iron pressed agninst tho 
top edge of the knife. When the blade nears the 
melting point of the plastic, the ribs can be cut 
easily. At the sixth turn press the wire down 
toward the axis of the coil. Jt may then be cut 
or broken. Thread the ends back out and un
wind a hnlf ti.irn each side of tbc cut. Now un
wind the outside I.urns until there is left a coil of 
4 turns and one of 10~. The tap is made by 
pushin~ down the third turn up from the inner 
end of the larger winding. This makes a point 
thnt c110 be soldered to for the lead to the cath
ode of tJie 6CB6. 

This assembly is mounted in a horizontal po
sition supported on tie points by its leads, as 
shown at the upper right in the bottom-view 
photograph. Tho outer end of tJ1e larger coil 
goes to the feed-through bushing, the outer end 
of the smnller to t·he plate of V 1 • The bnlnnce of 
the assembli11g and wiring is almost completely 
uncritical, though neatness and ease of adjust
ment will be served if leads are kept short, par
ticularly in the circuits of the amplifier and de
tector tubes. 

RFC1 

Fig. 4-3-Circu it diagram and ports info rmation for the 14- to 18-Mc. tuner. Capacitors marked with polarity 
ore electrolytic, Others ore paper-tubular, ceramic or mica, 200 volts or more, unless marked. The .01· and 
.001-µ.f. are ceramic disk. Resistances ore in ohms, resistors ore Y, watt unless specified. 

C1- 50-pf. (µµf .) double -bearing varia ble (Hamma r- L3-4 turns No. 24 tinned, 32 t.p.i., Y,.inch diam. 
fund MC--50-5). L1- 10V. turns like l a- Both ore made from sing le pieco 

C2- 4-30·pf. (µµ.f.) ceramic t rimmer (Mallory ST554N of B & W Minlductor No. 3004. Soc text. 
or Cenlrolab 822-EN). Tap at third turn from inner end. 

J1, J2- lnsulated tip jock. l~ l u-16-hy. 50-mo. filter choke (Stancer C-1003). 
J3- Closed-circuit phone lack. PJ - Shiclded phono plug, attached to 18-inch length of 
J~-8-pin mole chassis fitting (Amphenol 86-CP8). Goes small-diameter 52· or 75-ohm coaxial cable. 

on left side of chassis. R1, R2- 20,000·ohm control (25,000-ohm also suitable). 
J5-0ctol socket (Ampheno l 77-MIP·B). R;i-500,000-ohm control, audio loper. 
t1- 3 turns No. 24 insulated wire wound over low end RFC1-100·µh. r.f. choke. 

of L2. V1, V2-6C86. 
~-4Y.i- to 10-µ.h . iron-slug coil (Miller 2 1A826RB1). V3-6CX8. 
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Adjustment and Operation 
If the timer has been wired correctly it should 

be possible to hear sii,'llals of some sort on it 
almost at once. Apply 6.3 volts a.c. for the heat
ers between Pins 4 and 8 of J4 • Tcmpor:1rily 
connect Pins 2 and 6 together and apply plate 
voltage, preferably not much over 150 volts at 
first, positive to Pins 2 and 6, negative to Pin 4·. 
Plug in the phones or speaker. Have nil three 
potentiometers turned down. First try the audio 
gain control, RH. Turning it up should bring up 
tl1e level of noise, and possibly hum. Set it at a 
comfortable level, and turn the i.f. gnin, R tt 
about three-fourths on. Tum up the regeneration 
control, R2, until a rushing sound is heard. At
tach a few feet of wire to the tip of the plug, 
P1, ahd turn the dial slowly. 

II 

• • 
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fig. 4·4- Bottom view of 
the tunor. Arrongement of 
parts, other thon the i.f. 
amplifier coi l, L0 (upper 
left) ond the dcte

0

dor coil, 
L4 (upper right), is not 
particularly critical. Pow
er ond audio circuits ore 
wired with shielded wire • 

Some signals should be heard, unless you 
have hit one of those rare times when the 14-
Mc. range is completely dead. When you find a 
SiJ!llal. experiment with the setting of the i.f. gain 
control, R 1, :md the regeneration control, R~. If 
you have never used a regenerative or super
regenorativc del:cct·or before, the intricncies of 
ndjusting it properly will tnke some learning. 
Practice with various signals, lryin!'.( the three 
conditions mentioned earlier. If you have trouble 
witl1 a high-pitched audio whistle, try a lower 
value of detector grid leak: 1 to 2 megohms, in 
p lace of the 3.3 megohms shown. 

Now, you're ready to peak things up, nnd get 
the dial calibration around to whnt yon want. 
The tuning enpncit·or, C1, has the ceramic ca
pacitor, C2 , connected across it, so the setting 
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of the latter wiJl marked!}' affect the tuning 
range of your vemjer rual. If you have made 
yo1tr coiJ corrcctJy, setting C., to near maximum 
capacitance will place the 14-:;l'-fo. amateur band 
near the maximum-capacitance end of the tun
ing range of C 1• If you succeed in locating the 
amateur band you will find c.w. signals a t tho 
low frcque11cy edge, and phone signals above 
thcrn. Adjust C .. gradually until the lowcst-fre
C'JUCncy nmntcu; c.w. signal comes in with the 
dial close to its maximum-capacitance setting. 
A good signal to look for now is W\,.,l \f or 
WWVH on 15 l'vlc. One or the other of those 
stations, perhaps both, wiJI be receivable at 
least part of the time almost anywhere in 
the United States. With these and the low 
end of the amateur 14-Y!c. band, you have 
the flrst megacycle of your tuning range well 
marked. 

Note that an inclicating pointer for the dial is 
made hy sticking a triangular-shaped p iece of 
black plastic tape to the nickel-plated rim. Put 
the capacitor at the maximum setting, ancl then 
attnch the pointer to the rim so that it is bisect
ed by the left side of an imaginary horizontal 
line drawn through the center of the dial. When 
you turn the clinl around to bring the capacitor 
plates nll out, the mark will be at the right side. 
If you have used components similar to the orig
inal, you can set the padder, C2, so that 14 Mc. 
is jus l above the horizontal point at the left, and 
15 tvfc. will come just a bit to the left of vertical. 
The next megacycle of tmung, to 16 Mc., will 
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occupy slightly less space, and the third and 
fourth megacycles (to 17 and 18 ~le.) progres
sively less. This is a fortunate result of the plate 
shape in the tuning capacitor: the more active 
lower haJvcs of the v.h.f. bands you will eventu
ally be tuning will be spread out more than the 
less-occupied frequencies at the high e nds. 

When you get your converters working, 14 
Mc. wiJI be .50 or 144 Mc., 15 Mc. wilJ be 51 
or 145 and so on. The tlmer will operate almost 
exactly the same when working with the con
verters as it now does on 14 to 18 Mc., except 
that U1e frequencies covered will be in the 
v.h.f. range. For the moment, you can hme 14 
to 18 Mc., and there is a lot going on there 
most of the time. It won't do any hann to prac
tice tuning, for one of the prices of performance 
with simple equipment is some trickiness in op
eration. There is more to nmning this one thnn 
turning the dial! 

With the tuner plugged di rectly into the pow
er supply you may find thnt tl1e hum level is too 
hig h to suit you. This is the result of inductive 
pickup from the power-supply components by 
the chokes in the tuner audio circuits. The posi
tion of the chokes was adjusted for minimum 
hum pickup, but it is still considerable at high 
audio levels. Running the tuner wit h even a 
short cable between it and the power supply 
will bring down the hum level markedly. Use 
of completely shielded chokes or audio trans
formers also reduces the h um level, but at high
er cost. 

CRYSTAL-CONTROLLED CONVERTERS 
FOR 50 THROUGH 436 MC . .:: 

The tuner just described and the converters 
for 50 and 144 Mc. in tills series are parts of a 
complete station for these bands shown in 
Chapter 7. The 144-Mc. model worked so well 
that it was decided to make one for 220 Mc. 
As more experience with Nuvistors accumulated 
they were found to be very effective for 420 
Mc. as well , so a converter for 432 to 436 Mc. 
was worked <>ut along similar lines. 

All converters of the set work well witJ1 the 
simple tuner, Fig. 4-1, or with communications 
receivers tuning the 14-Mc. range. Coil and 
crystal information is supplied for use of other 
i.f. ranges as well. Power connections are set 
up for the "Two-Band Station," but anytl1ing 
delivering around 150 volts d.c. at 30 ma. , and 
6.3 voll~ a.c. at l amp. will do for the models 
for 50 through 220 Mc. The 432-Mc. converter 
requires ahout 50 ma. 

In Fig. 4-5 the 50- and 144-Mc. converters 
are shown to).(cther, with the 50-Mc. one at the 
right. The 220-Mc. model is identical in exter
nal appearance to the 144-Mc. one. so it is not 
shown except in the interior view. Construction 
and ndjusbnent of each will be treated sepn
rately, insofar as there are differences between 

them. The Nuvistors shown are all 6CW4s, but 
6DS4s may be used interchangeably, both as 
to operating conditions and results. 

Construction 

The converters for 50, 144 and 220 t-.'1c. are 
built in nluminum Miniboxes, 3 by 4 by 5 inches 
in size. The Nuvistor sockets have small metal 
tabs that arc ben t down against the underside 
of the chassis to provide grounding. These are 
clamped under washers by 4-40 screws and nuts 
on opposite sides of the socket~. The socket hole 
should be J:-inch dfameter, with small notches 
flied out for the tabs. The cerarrtic trimmers in 
the 144- and 220-:\lc. converters, cl, c:!, and 
C;i. also require notched boles. 

Leads in r.f. circuits should be as short as 
possible. Power wiring can be placed for neat
ness, but keep insulated power leads close to the 
chassis .. Use terminal strips for holding resistors 
in place, and lugs bolted to the cl1assis for 
grounding. 

• Fu.11-si?.e templates for drlllinit the top surfnc~s of tlrn 
converte rs for 50, 144 nnd 220 Mc. are avnilablo from 
ARRL. l'leose send 25 cents and n slnml)cd self-nddrcssc<I 
cnvcJopc, nnd ~ivc the publication, edition, page ntm'tber 
and nnme of the item for wbich the tcrnplatn is requested. 
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Fig. 4·5-The 50· and 144-Mc. converters ore built in standard al uminum boxes, ond fitted with plugs that 
li ne up with the power connectors in the tuner of Fig. 4· 1 or the power unit shown in Chapter 7. The 50-Mc. 
converter is ot the right. 

Checking the Oscillators 

The crystal oscillator is checked first. The 
meter in the bridge unit described in Chapter 11 
or any other 1-ma. meter, may be used to meas
ure oscilJal:or IJlate voltage, or a voltmeter will 
serve if yon have one for the 100-volt d.c. range. 
To use a 1-ma. meter, connect a 100,000-ohm 
resistor in the positive lead and ground the neg
ative lead. It is not important for this purpose 
that the 1000-ohm resistor shown in the bridge 
unit, be included. 

Working on the converters is easier if a 3-wire 
power cable with suitable plugs is used, rather 
than plugging the converters directly into the 
tuner or power unit. Test~ may be made with 
aU tubes in their socket~, as the dropping resis
tors in the plate leads prevent excessive cur
rent. Apply power to the converter. Touch the 
free lead of the 100,000-ohm resistor to the B
plus end of the osci.llator plate coil. The meter 
indkates 100 volts cl.c. for full scale. The volt
age reading obtained will depend on whether 
tl1e tube is oscillating or uot. The oscillator cu.r
rent runs through a 10,000-ohm resistor, so the 
more current the tube draws tl1c lower the volt
age will be. When the circuit oscillates, plate 
clu-rent drops, and the indicated voltage rises. 

Us(; of OJ1m's Law wi11 tell you what the 
plate cu1Tent is, tl1ough this need not be found 
except as a matter of interest. \;\/ith the core 
stud nil the way up, the circuit probably wiJI 
oscilla te, and the meter indication will be around 
0.7 ( 70 volts) . Turn the stud into the coil, 
watcl1ing the meter. It will rise to around 
0.9 (90 volts) and then drop suddenly as oscil
lation stops, to around 0.5 ( 50 volts ) . These 
represent actual plate currents of 8, 6, and 10 
ma., respective))'. 

Readings may vary considerably from the 
above, due to differences in crystals and other 
parts. The important points are the gradual rise 

(increasing vigor of oscillation) and then the 
sudden dip as oscillation ceases. Set the slug for 
the highest reading ( lowest oscillator plate cu.r
rent) at which the oscillator will start each time 
power is appLlcd. The frequency can be checked 
with n calibrnted wavemeter or grid-clip meter. 
It should be the frequency marked on the crys
tal, and no other. 

The 50-Mc. Converter 

Three 6CW4s are used in the 50-Mc. con
verte r. The first, a neutralized r.f. amplifier, is 
i.n the llppcr center of the converter as shown 
in F ig. 4-5. At the bottom right is the mixer 
tube, and to its left is the crystal oscillator. The 
36-Mc. crystal is in the left center, and above 
it is the antenna connector. 

Turn now to the circuit diagram, Fig. 4-6. 
The tuned circuits L2 and L3, with the small 
coupling capacitor, C.,, are used to give some 
selectivity in the r.f. amplifier grid circuit. The 
tuning screws for the coils are visible at the top 
of the first photograph. Simj]ar circuits arc 
used between the amplifier plate and mixer 
grid ( L;,, L0 and C:i) and these are at the right 
s.ide of the top view. The oscillator coil, lfi, is 
in the lower center. The mher plate coil is in 
the lower right corner of Fig. 4-7. The ncl•
tralizing coil, L_1, is mou.nted horizontally, witl1 
it5 udj11stiug stud coming out of the side of the 
box. The i.f. output connector is in the upper 
right corner of the top view. 

The trap circuit, L1C1, is optional. Its purpose 
is to absorb Channel-2 video signals tliat might 
cause interference to 50-Mc. reception, as the 
rcsu It of the second h:im1ouic of the oscilJator 
(72 ~le. ) beating with a Channel-2 TV signal. 
( 72 - 14 = 58) Unless you are near a Chan
nel-2 TV station you will not need the trap, 
and the connection from ]1 can be made di
rectly to the tap on L2• 



50- and 144-Mc. Converters 

The bottom view of the converter, Fig. 4-7, 
is i_nverted vertically from the top view. The 
antenna connector and the trap circuit are in 
the lower left corner. To the right are the coils 
L 2 and L3, and the i.f. output connector. Near 
the middle is the r.f. amplifier socket, and in 
line with it at the top is the mixer socket. The 
crystal osciUator tu be socket is at the upper left. 
Tbe oscillator plate coil, L 0 , and the mixer 
grid coil, L0, are in the same plane to the 
right. Directly below L0 is the r.f. plate coil, 
Lr,. The i.f. output coil, L 7, is in the upper right 
corner, connected through a shielded lead to 
the output connector in the lower right. The 
neutrn.l izing coil, L~, is just above the latter, 
with its tuning screw projecting through tbc 
side of the box. 

The coupling capacitors, C2, Ca and C4, are 
made by twisting insulated wires together to 
form small capacitances where needed. This 
is a convenient and inexpensive way of do
ing the job, and since the values .are not par
ticularly crilical, the twisted wires serve just 
as well as would a fixed or variable capacitor of 
conventional design. 

Power is taken from the 150-volt and 6.3-
volt sources in the power supply d escribed in 
Chapter 7. The 8-pin power plug, 18 , is mount
ed in the side of the convert.er case. It should 
be IJOsitioned so that it will line up with the 
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socket on the side of the tuner, Fig. 4-1, or 
the similar socket on the modulator, if the tuner 
is not used . 

The 144-Mc. Converter 

The 144-Mc. r.f. amplifier uses two 6CW4s 
instead of one, and an oscillator-multiplier sys
tem is needed for developing tlie injection volt
age for the mixer. Hand-wound coils are used 
in the r.f. circuits, instead of slug-tuned coils. 
The first amplifier, a .neutralized triode stage, 
is followed by a grounded-grid stage, in the 
manner of the familiar series-cascode v.h.f. 
amplifier. The crystal osciUator works on 43.333 
Mc., and drives a crystal-diode frequency 
trip ler to 130 1v!c. T his injection frequ ency 
beats with signals at 144 to 148 Mc. in the 
mixer, producing an i.f. of 14 to 18 Mc., as be
fo re. 

Looking at the top view, Fig. 4-5, we see 
the r.f. amplifier and miYer tubes in line ver
tically at the right side of the converter. The 
crystal oscillator is at the lower left. The ca
pacitor C.,, which tunes the diode tripler cir
cuit, is in the lower center of the picture. Just 
above is a grommet inserted in the hole over 
the trap capacitor, C.1, of which more later. The 
antenna connector is in the middle of the top 
portion, and the i.f. output connector is in the 
upper left. 

MIXER 
6CW4 

47K 

Fig. 4-6-Schemotic diagram and ports information for the 50·Mc. converter. Resistors 'h watt unless specified. 
Fixed capacitors ore ceramic; decimal values in µ.f., others in pf. 

C1-3-30·pf. mica trimmer. 
C2, C3- No. 22 insulated hookup wires 2 inches long, 

twisted together for approximately 1 \4 inches. 
C4-Same, but l·inch wires twisted for 'h inch. 
J1-Coaxiol connector, SQ.239. 
Jry-Phono jock. 
J;-8·pin plug (Amphsnol 86·RCP8). 
L1-5 turns No. 18, 'h·inch diam., 8 t.p.i. (8 & W No. 

3002). 
l~-10 turns No. 28 enam., close-wound on \4.inch 
- iron-slug phenolic form, lapped at 3 turns, 0.65 

to l .3 µ.h. (Miller form No. 20AOOORBI). 
L3, L5, L0- 8 turns No. 28 enam., close·wound on ~~

inch iron-slug phenolic form. Range 0.43 to 0.85 

µ h. l 3 set for 0.64 µ. h., L5 for 0.66, l 0 for 0.73 
µh . (Miller coils No. 20A687RBI). L2 and l 3 are 
% inch apart c. lo c. L5 to L6 is ~ inch; l7 to l s 
is fa inch . 

t 4-No. 32 enam., dose-wound 'h inch on l4·inch iron· 
slug phenolic form; 3.8 to 8.5 µ.h., set for 6.9 
µh. (Mille r coil No. 20A686RBI). 

L7- Universol-wound coil, 4.7 to 10 µ.h., set for 7.9 µ.h . 
(Miller coil No. 20A826R81). 

t8-8 turns No. 32 enom., close-wound on \4 inch iron· 
slug phenolic form; 0.67 lo 1.25 µ.h., set for 
0.94 µ. h. (Miller coil No. 20A 106RBI). 

Y1- 36·Mc. crystal (International Crystal Mfg. Co. f . 
605). 
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Fig. 4-7-Bottom view of the SO.Mc. converter. The antenna connector and trap circuit ore 
in the lower left corner. Tho neutralizing coil, L,l' is mounted horizontally at lower right. 

The bottom view was made by rotating the 
unit vertically, so the antenna connector ap
pears at the bottom. The first amplifier grid cir
cuit, L1C1, is in the lower right corner. Above 
it is the neutralizing coil, L,., mounted on the 
side of the box. The two tinned-wire coils side 
by side just above and to the right of center 
are for the amplifier plate, L3, and mixer grid, 
L4 • To their left is the trap circuit, C.tLu, tuned 
to the second harmonic of the oscillator, 86.67 
Mc. The coil with its axis at right angles to 
these is L8. It is tuned to 130 Mc. by Cr., which 
appears in the upper center of the picture. 
The oscillator plate coil, Lu, and the mixer 
plate coil, L;;, arc in the upper left nnd right 
comers, respectively. 

The Diode Multiplier and Trap Circuits 

Frequency multiplication with crystal diodes 

may be new to some readers, but it is a simple 
and effective way of developing injection volt
age in tl1e v.h.f. range. Diodes do the job eas
ily, and at Jes~ cost tl1an a vacuum tube. The 
diode works at low impedance, so it is con
nected between a loop ( L7 ) around the oscilla
tor coil and a tap on the tuned circuit L8C 5. The 
latter should be fairly high-C, so that the de
sired ham1onic, in this instance the third, will 
be accentuated, and other harmonics of 43.3 
Mc. suppressed. 

There will be some energy at unwanted har
monic frequencies passed on to the mixer grid 
circuit. The trnp, L11C4, is inserted in the lead to 
L4 to suppress the second harmonic, 86.6 Mc. 
This trap circuit need be included only if local 
interference makes it necessary. In the Hartford 
area an f.m. station just above 100 Mc. rode 
through around 14.2 Mc. ( 100.8 - 86.6 = 



Adjustments 

14.2 ), but the trap removed the interfering sig
nal completely when tuned to twice the crystal 
frequency. Removing tbe offending harmonic 
from tbe mixer circuit was the best way of han
dling the problem. A trap in the antenna cir
cuit to absorb the interfering signal was tried 
but it resulted in a slight deterioration of the 
converter noise figure at 144 Mc. 

50-Mc. Adjustments 

The 50-Mc. converter is now ready to receive 
strong signals, as soon as it is connected to the 
receiver or tuner. The latter has a cable and plug 
for connection to the i.f. output jack, ].,. To use 
a communications receiver, make up a-cable of 
any small coax, putting a phono-pin plug on one 
end. The other end connects to the receiver 
antenna terminals. This may require a coax fit
ting for some receivers, but most have screw 
terminals. Connect the inQer conductor to ll1e 
antenna terminal and the outer sheath to the 
ground terminal or the receiver chassis. Do this 
with the shortest possible leads, to keep down 
pickup of signals at 14 Mc. See Chapter 3 for 
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hints on reducing i.f. pick up. 
Now a 50-Mc. signal i~ needed. This can be 

from a grid-dip oscillator, a nearby 50-Mc. sta
tion, the harmonic of your transmitter, or ideal
ly, a good signal generator. For any except the 
last, connect some kind of antenna to ] 1. A 
short piece of wire will do at first, and the 
length can be varied to suit the strength of the 
signal. Set the stud in L.1 at about the middle of 
its range. Next, peak the screws in L 2, L3, L5, 

Ln and L7 for maximum signal strength. Now 
disable the r.f. amplifier stage by disconnecting 
tbe 10,000-ohm resistor from Lr,, or by remov
ing the heater lead from Pin 12 of the socket. 
Adjust L4 for minimuni signal. Replace the 
heater or plate voltage and readjust all coils 
except L4 for maximum signal again. 

The converter should be close to optimum 
perfonnance if everything has been done prop
erly to this point. If the Channel 2 trap is 
used, adjust it so that no interference is heard 
from the local TV station. If the station is very 
near by, it may still be heard ns long as the 
cover is off the converter case. It should dis-

Fig. 4-8-lnterior of the 144-Mc. converter. Details of parts arrangement are given in the text. The i.f. out· 
put from the mixer plate coil, t 5, is brought through a shielded lead from the upper right corner, down 
the side of the picture and across the bottom, to the output connector, J2, at the lower left. 
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Fig. 4·9-Schemotic diagram a nd ports information for the 144·Mc. converter. Resistors '12 watt unless specified. 
Fixed capacitor~ ore ceramic unless specified. Decimal volues in µf., others in pf. 

Cv c 2, c11- J-7 .5·pf. ce romic t rimmer (Centrolob L,-5 turns No. 28 enamel, close-wound on 14·inch iron-
829:7}. - slug form. Ra nge 0.24 lo 0.41 µh., set for 0.33 

C4 - 4- 30 pf. ceromic trimmer (Mallory ST-554-N). µh. (Miller coil No. 20A337RBI). 
c ,,- 20 ·pf. minioture variable (Hammarlund MAC-20). L3-6'12 turns No. 18, \4 -inch diam.,% inch long. 
C6 , C7- 0.001- or 0.0005-µ I. button-type bypass (Cen· l 4- 5 turns like La, '12 inch long, topped ot 2 turns. L3 

trolob ZA-102 or Erie CBllRD471K}. Do not use and L4 ore parallel, 'Mr inch apart, c. lo c. 
other wire-lead copocitors for these points. L5-Universol·wound coil, 4.7 to 10 µh., set for 7.9 µh. 

C8- No. 22 insulated hookup wires I \4 inches long, (Miller coil No. 20A826RBI). 
twisted together for opproximately l inch. L6- 9 turns No. 28 enamel, close·wound on V..·inch 

CRi-Crystal-diode rectifier; l N82. iron·slug form. Ronge 0.58 to l µh ., set fo· 
J 1- Cooxiol connector, S0-239. 0.82 µh. (Miller coil No. 20A827R81}. 
J.,-Phono iack. l;-1 \1~ turns insulated hookup wire oround Lw 
J~-8-pin plug (Amphenol 86·RCP8). Ln-8 turns No. 18, \4·inch diam., % inch long. 
L1, L8- 6 turns No. 18, 11..·inch diam. '12 inch long. Top Y1-43.333-Mc, crystal (International Crystal Mfg. Co. 

al 2Y.i turns. F-605). 

appear when the case is assembled. Il.ecl1eck 
the adjustment of L2 and L3 after final adjust
ment of the trap. A coaxial lilter (sec Chapter 
12) m"y be needed in extreme cnscs. 

F urther work to improve weak-signal recep
tion should be done with a noise generator, 
though satisfactory results can be obtained on 
weak signals if the work is done wi th care. The 
a im should be better signal-to-noise ratio, rather 
than merely greater signal sb·engt11. TJiis will 
not be noticeable with the simple tuner, but it 
can he achieved with a communications receiver 
as the i.f. ~-ystem. Using the receiver S meter, or 
the audio sound of a weak sign:tl, tune for 
maximum signal with respect to noise. 

As a ll11al check, put a 50-ohm resistor across 
11 • Observe the noise level. Now remove the re
sistor and put on an antenna system with 50-
ohm feed. If the noise rises appreciably, you 
are hearing the external noise that limits your 
v.h.f. reception. The only improvement you 
can make from here on is to put tip a bigger 
or higher antenna, or move to a quieter loca
tion. 

144-Mc. Adjustment 

Adjustment of the 144-Mc. converter is sun-

ilar, except that the multiplier tank circuit, 
L8C5, should be adjusted for maximum signal. 
External noise may not be discernible in quiet 
locations on 144 Mc., and the antenna check 
outlined. for 50 Mc. may be inconclusive. Ad
justment of all d . circu.its should be made care
fully for greatest marg in of signal over noise, 
usiilg weak signals. The mininmm-signal method 
of adjusting the neutralizing coil, IJ?, should be 
followed initially, but readjusb11ent for optimum 
signal-to-noise ratio (or lowest noise figure, us
ing a noise generator) may produce a worth
while improvement. Do not use tlie seconcl
l1armonic trap, L()C4 , unless it is necessary to 
eliminate f.m. interference, as this circuit intro
duces one more variable to cmnplicate the ad
jnstment procedure. 

In most arens 2-meter activity is spread over 
more of the band than is the case with 50 Mc. 
The converter response can h e made uniform 
across most or all of the band by tuning the i.f. 
output coil, Lr,, for maximum response near the 
high end or middle of the band. This coil af
fect~ only the gain of the converter; detuning it 
does not reduce the signal-to-noise ratio. The 
rJ. amplifier plate :rnd mixer grid circuit:,~, C2-

L3 and C3-L1 have only a minor effect on noise 
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Fig. 4-10- The interior of the 220-Mc. converter is very similar to that of the 144-Mc. model, 
except for the smaller coils and the e liminotion of the trap for f.m. interference. 

figure, so they can also be "stagger-tuned" to 
somo extent to achieve uniform response. 

A fair final check on the 144-Mc. converter 
performance js to detune the diode multiplier 
circuit, L1<Cr,. and note its effect on the signal
to· noisc ratio. Jf the r.f. amplifier is working 
properly it should be possible to detune this 
circuit so that the grun drops an S uni t or two, 
before there is any effect on the signal-to
noisc rutio observable on weak signals. 

The 220-Mc. Converter 

The 220-~ lc. converter, Figs. 4-10 and 4-11, 
is similar to the J44-Mc. converter in both con
struction nod eiscujtry. A ruode frequency 
qnadrnpler is used to fomish a 206-rvlc. local
oscillator signal from a 51.5-Mc. crystal oscilla
tor. Two tuned circuit~ are used between r.f. 
stage nncl mixer, coupled by a small capaci
tance. Decausc the 220-Mc. hand is 5 Mc. wide, 
the receiver following this converter must tune 
from 14 to 19 Mc. if the entire band is lo be 
covered. 

The inductors L 1, L;1• L 4 and f- R are first 
wound on a };-inch diameter rod or drill and 
then spaced to meet the specifications. They arc 
supported by soldering the ends directly to 
tube pins, ground lugs or capacitor terminals. 

Tho adjustment of the converter is quite simi
lar to that of the 144-Mc. converter, and tJ1c in
structions given earlier apply equally as well to 
the 220-Mc. band. Depending upon the local 
operating habits, it may be desirable to peak 
the circuits for a particular portion of tho band. 
In areas where TV sets are tuned to Channel 7, 
Lhcrc may be substantial TV-receiver local
oscillator radiation that will mess up the first 
megacycle or two of the band, aud consequent
ly tlie amateur activity will peak around 222 
or 223 }.le. Both a grid-dip oscillator or signal 
generator, and a noise generator will be found 
to be very useful in getting best results from 
the converter. 

lf a good noise-figure measuring setup is 
available the converters should show up about 
as follows, when adjusted correctly: 50 Me.-
3 db. ( fnr lower than is needed, in view of ex
tNnal noise problems on this hand); 144 Mc. 
-3.5 to 4 db.; 220 Mc.-4.5 to 5 db. 

432-Mc. Converter 

The crystal-controlled converter for 432 to 
436 Mc. shown in Figs. 4-12 and 4-13 11scs l:\vo 
grounded-grid r.f. stages and a grounded-grid 
mixer. This proved to be a more stable arrnn!!e
mcnt at this frequency, and easier to dupli-
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Fig. -4 · 11 - Circult diagram of the 220-Mc. crystal-controlled converter. Unle>s specified otherwise, resistors ore 
Y.i watt, resistances ore in ohms. fixed capacitors ore ceramic unless specified. Decima l values in µf., others in 
pf. 

Cl' C2, C4 -1-6 pf. tubular trimmer (Centrolab 829-6). 
C3 - 2 pf., made by twisting two insulated wirH 1 inch. 
C5- 15·pf. variable (Hammarlund MAC-15). 
C6, C7-.001-µf. button-mica. Disk ceramics not suit-

able. 
J 1-Chassls-mountlng coaxial receptacle (S0-239). 
J., -Phono jack. 
L~-2V.. I. No. 18 spaced wire diam., \~ inch i.d ., 

tapped ~ t. from ground end. 
L2--0.12.0.19 µ h. adjustable inductor (Miller 

20A 1 S7RBI). 

cate than one with grounded-cathode stages. A 
major source of over-all feed-back is the heater 
connections, and more elaborate heater-line fll
tering will be found in this unit than in the 
companion uniLs for lower bands. The local
oscilJator signal at 418 Mc. is obtained by 
tripling twice from a 46.44-l\lc. crystal oscilJa-

Cf# 
Ii> 

~ 
~ (!"I c.'t 

·~ ~ <~) 
(>"I 

" <.~ 

\__ •3• ... 

Fig. -4·12-Tho -432-Mc. converter is built in a 5 x 7 x 
3·inch Mini box. At the top in t his view, from left to 
right: input fack, r.f. amplifier, r.f. amplifier, mixer, 
output jack. Tho tu be (shielded) is o 6J6, used as crystal 

oscillator and frequency multiplier. 

L;1-2~4 I. No. 18 spaced twice wire diam., V.. inch i.d. 
L4 - -4 t. as L3, topped 1 turn from ground end. 
L5- -4.7-10.0 µh. adjustable inductor (Miller 

20A826RBI). 
L0-0A3-0.8S µh . adjustable inductor (Miller 

20A687RBI). 
L7- 1 Y2 t. insulated wire wound on ground end of L11 . 
L8-4 t . Na. 18 spaced three times wire diam., V.. inch 

i.d., lopped 1 V.. t. from ground end. 
P1-Chassis-mounting odol plug (Amphenol 86-RCP8), 

tor, once in n triode section of a 6J6 and once 
through a 1N82 diode. 

Hcfcrring to the circuit diagram in Fig. 4-14, 
the circuitry through the oscillator-multiplier 
chain is similar to that shown for the lowcr
frcqucncy converters described earlier in this 
chapter. Adjustable inductors tune the circuits 
on the lower frequencies, and at 418 Mc. n vari
able capacitor, C3, tunes a half-tum coil, L 1 
(see Figs. 4-13 and 4-15). In the signal chan
nel, 6CW4s are used as grounded-grid ampli
fiers and mixer, and the coupling circuits arc 
ceramic trimmers and half-tum inductors. The 
B+ lc:icls are filtered heavily as are the heat
er lead~. For over-all good stability, numerous 
ceramic feed-through and button bypass capac
itors arc used. 

Study of Figs. 4-12 and 4-13 will give n good 
idea of the location of the various components. 
The shield partition is built from a 3J.:-inch 
wide strip of alum inum, nnd a %-inch lip is 
bent on one edge for mountil1g on tlie chassis. 
The line of screws holding the shield bisects 
tbe chassis. 

Practically all of the components will be sup
ported by tube-socket pins, b utton or fccd 
through capacitors, ground lugs or tic points. 
The cxceptio11 is the diode muJtiplier, which is 
supported at one end by the point on L 7 to 
which it is soldered and at the other by an 
end of L11• 

A regulated 105-volt power supply is rcoom-
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Fig. 4-13-View underneath the 432-Mc. converter shows the partition separating the oscillator and multi
plier (right) from the r.f. and mixer. R.f. chokes mounted on button bypass capacitors (left) provide fi ltering 
for heater wiring. Fcodthrough bypass capacitors in partition are 2 inches from chassis, except heater feed
through (top) which is Y2 inch from chassis. Oscillator injection lead from L7 to the cathode of the mixer runs 

through rubber grommet in partition. 

mended for use with the converter. The crystal 
oscillator should be checked first, by meast;ring 
the voltage drop across the 1000-ohm resistor to 
L1. The drop across this resistor will be greater 
when the stage is not oscillating than when it is, 
and the slug of L should be set at a lower
illductance value tiian that which gives mini
mum voltage drop across the resistor, to insure 
proper starting and operation. Tf n wavemeter is 
avai lable, the frequency of output should be 
checked. The slug of La should be set for mini
mum voltage drop across the 1000-ohm resistor 
connected to L!'o, nnd again the frequency should 
be checked with a wavemctcr if one is available. 

The third harmonic of a 144-Mc. signal source 
cm1 be used to nlign tl1e r.f. stages, after which 
CH and L5 should be peaked for maximum sig
nal. 

lf any instabili ty is experienced in the signal 
circuits, as evidenced by regeneration or oscil
lations at some setting of C 1 and C~ , look for 
poor connections or poor grounds. In some cases 
the instability mny also be caused by having the 
mixer tap too high above ground on L7 • 

Using Other Intermediate Frequencies 

The Nuvistor converters just described were 
designed for use with receivers capable of tun-
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i'-ilXER RF-2 RF-1 6J6 

,., 

500 ,~~ 

RFc7 R.Fc, .. RFC11 J 1. ' ;i:;.oo•''' ;i:;.o01''' ;:i::;.001"· 
Fig. 4-14- Wiring diagram- of the 432-Mc. converter. Capacitance values are in pf., except 
decimal values which are in µ.f. Resistors are \6 watt unless specified otherwise. All 0.001-µ.f. 
capacitors marked * o re button-type (Centrolob ZA-102, Eric CB 11 RD471 K or equiv.); 
other 0.001-µ. f. capacitors ore disk ceramic. All 500-pf. fecdthrough capacitors are Centro· 

lob FT-500. 

C1, C2- 6-pf. ceramic variable (Centrolab 829-6). 
C3-15-pf. variable (Hammarlund MAC-15). 
LI, L2, L, - see Fig. 4-15. 
L3- 4.7- 10.0-µ.h. adjustable inductor (Miller 

20A826RBI). 

L.1-0.43-0.85-µ.h. adjustable inductor (Mi ll er 
20A687RBI). 

L0-0.119-0.187-µ.h. adjustable inductor (Miller 
20A 157RBI). 

L0- 2 t. No. 20 insulated, wound around ground end 

ing 14 to 18 ~le. ( 14 to 19 for the 220-Mc. 
model. ) While thjs is by far the most popular 
i.f. range for v.h.f. converter service, .i t is not 
always usable or desirable. The amatcur-bands
only receiver has only 500 kilocycles tuning 
range, at the most, beginning at 14 Mc., and 

fig. 4-15-Details of " coils" L1, L2 and l 7 • Material is 
No. 10 tinned copper wire. Tops on l 1 and L2 ore 16 

up from ground end; taps on L7 o re \6 and 16 up 
from ground end. 

of L,,. 
RFC 1- Rf C 11 -8 inches No. 22 enom. cleaned 16 inch 

each end and wound an lOK or higher 16-
wott resistor. 

RfCJ2-50-µ. h. r.f. choke (Millen 34300-50). 
J1-Coaxial chassis receptacle (S0-239). 
J.,-Cooxial chassis receptacle (UG-290A/U), 
P;-Octal plug (Amphenol 86-RCPB). 
Y 1-46.44-Mc. crystal (Internationa l Crystal f .605). 

often less. Some low-priced receivers and many 
older but otherwise desirable models work bet
ter at 7 Mc. than at 14. Finally, seve ra l receiv
ers have tuning ranges designed especially for 
v.h.f. converter work, some beginnin,:: at 22 
Mc. and others at 30 .. 5 Mc. These .include the 
Mohawk, NC-300, NC-303 aud SX-101. 

The best solution with the amateur-band re
ceiver is usually to use the 10-meter range, and 
more than one crystal, if full band coverage is 
wanted on the v.h.f. bands. But even when this 
is done the actual starting frequency will vary 
from one type of receiver to another, as the 
low encl of the 10-meter range may be 26, 27 
or 28 Mc., or some frequency in between these. 
vVith small changes in i.f. range the only im
portant consideration is the converter crystal. 
\Vith a 50-Mc. converter the crystal frequency 
is 50 minus the i.f., or 24, 23 or 22 Mc. for the 
three examples mentioned just above. For a 
144-Mc. converter the injection frequency is 
arrived at the same way. It would be 118, 117 
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TABLE 4-1 
Crystal frequencies recommended for use with common iutennedfate frequencies in 

v.h.f. converters. 

Band, Cn1stal frequency for i.f. beginning at 
i'\llc. 7 Mc. 22 Mc. 26 Mc. 27 Mc. 28 Mc. 30 . .5 Mc. 

50 43.0 28.0 24.0 23.0 22.0 19.5 
144 45.607 40.667 39.333 39.0 38.667 37.833 
220 53.25 49.5 48.5 48.25 48.0 47.375 
432 45.555 45.111 45.0 44.9 44.611 

Injection frequency is 3 times the crystal frequency for 144-Mc. converters, 4 times 
for 220 !vie. and 9 times for 432. Many other combinations can be used. An i.f. less than 
14 Mc. Js not recommended for 432 lvtc. 

or 116 J\lc. for these same three examples. The 
crystal is some fraction of this frequency, those 
.in Tnble 4-J being merely typical examples for 
tho common intermediate-frequency ranges. 
Table 4-H gives the nominal inductance of the 
slug-tuned coils needed with these frequencies. 

Tuning of the mixer plate circuit is not 
critical. .If the circuit will not peak with the 
coil value selected, the cnpncitance connected 
from tho mixer plate to ground can be varied 
lo bring the resonant fre<111e11cy into the de
~ired rm1gc. 

TABLE 4-II 
Nominal inductance of slug-tuned coils for frequencies listed in Table I. Jn, tho multi
plier circuits the desired frequency ranges can be covered by adjustment of the associated 
variable capacitor, and by adjusting turn spacing of uir-wound coils. Use number of 
turns specified for 14-Mc. i.f. 

Freq., Mc. N()m. L, µIi. Freq. Mc. Nom. L, µ}1. 
7-11 27 36-40 1 

19.5 4.5 40-45 0.8 
22-26 3 45-50 0.7 

26-28 2.5 50-55 0.6 
30.5 1.5 136-139 0.15 

BANDSWITCHING CONVERTER 
USING A TV TUNER 

Tuners used in home TV receivers arc, in ef
fect, multiband v.h.f. converters, so where the 
tuner is made ns a removable subassembly it is a 
relatively simple matter to convert the tuned 
circuits for the amateur v.h.f. bands. A con
version of the fam iliar Standard Coil Tuner for 
use on 28, 50, 144 and 2.20 ~le. is described 
below. The tuner is an Admiral type 94Cl8-4. 
Two earlier models, the 94C8-2 and 91A8-2 
may be used similarly. Similar l'lmers arc avail
able under many other numbers, as lhe same 

basic tuner was used by several large receiver 
manufacturers. 

The timer bas a peotode r.f. ampliner and 
a 6J6 mixer-oscillator, and the i.f. output fre
quency is roughly 20 to 24 Mc. Many other tube 
li.ncups arc found in TV tuners, and mechanical 
and electrical designs abound in in6nite vari
ety. The information given is correct only for 
the tuners mentioned above. \•Ve do not have 
conversion data for any other tuner by this or 
other manufacturers, though the following pro-
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TABLE 4-ID 
Coil Infonnntion for the Converted TV Tuner 

Antenna, 
LJOlA 

R.F. 
Grid, 
L1orn 

R.F. 
Plate, 
L102A 

Mixer 
Grid, 
L:1ow 

28Mc. 

20 t. No. 26 d.s.c. 
center-tapped. 
'Wind over 
L iorn· 

No. 30 <l.s.c., l Yio 
in. long . 

No. 32 e., I%2 
inch long. 

No. 32 e., llAJ2 

inch long. 

50Mc. 

10 t. No. 22 e. close
wouncl, or Channel 2 
with no change. 

28 t. No. 26 d.s.c. or 
add 4 t. to each end 
of Channel 2. 

19t. No. 26 d.s.c. or 
add 2 turns to outside 
end of Channel 2. 

15 t. No. 26 d.s.c. or 
add 2 turns to Chan
nel 2 . 

144 Mc. 

4 t. No. 26 d .s.c. in
terwound in L1018, 

center-tapped, or 
Channel 7 with no 
change. 

8 t. No. 22 c., % in. 
long, or .ndd 1 t. ench 
end of Channel 7. 

5 t. No. 22 c., lJ. inch 
long, or add 1 tum to 
Channel 7. 

4 t . No. 22 c., Yi inch 
long, or ndd 1 turn to 
Channel 7. 

220Mc. 

2 t. No. 22 e., center
tapped. Mount at 
center of L10113• 

4 t. No. 22 c., 1S_5-
inch dia., 1-inch 
long. 

2 t. No. 22 e. sp. 1 
dia.,or remove 1 tum 
from Channel 13. 

2 t. YlG-inch copper 
strip, % inch apart, 
or spread turns of 
Channel 13. 

Osc., 
L1020 

No. 32 e., l/1 inch 14 t. No. 26 d.s.c. or 5 t. No. 22 e., ~6 
long, with slug. add 2 n1ms to Chan- inch long, or add 1 

21/i t. No. 22 c., sp. 1 
dia., or remove * 
tum from Channel 
13, with slug. 

nel 2. tum to Channel 7. 

cc<lure should contain useful ideas for a nyone 
wishing to a ttempt the job with other models. 
Many Standard CoiJ Tuners are available with 
dual-triode front end des igns. T hese should 
give slightly better noise figure than the pcn
todc model shown, but coil values must be 
found by experiment. 

Mounting the Turret 
The cylindrical turret has individually rc

movnble coils. W ith the exception of those for 
28 Mc., all the amateur-band coils, Table 4-111 
were made by modifying existing coils. Inex
pensive replacement units are available from 
TV distributors, so the constructor can experi
ment \vithout fear. The tuner schematic. as sup
plied by the manufacturer is given in Fig. 4-17. 
The maker's parts identifications are shown, and 
will be used throughout thjs description. Lay
out, as viewed from tho top, is given in Fig. 1-20. 
It is well to become fomiliur with the unit from 
these drawings, and from careful inspection, 
before operating on it. Jn fact, it is a good idea 
to set it up for actual operation and try it out 
in reception of TV signals, in order to be com
pletely familiar with it, and to know that it is 
in working order as received. 

T he converter was assembled on a 5 by 1 
by 2-inch chassis, equipped with a vn tube 
nnd socket to d rop any availab le voltage to 
105, regulated, for the converter tubes. An i.£. 
output coaxial connector is motmtcd on the 
renr wnll. A crystal socket for 300-obm bnlnnced 
input is mounted on A small brnckct fastened to 
the sAme wall. A small aluminum panel was 
provided. Any large knob can be modified for 
the fine tuning. It should be drilled to pass 

the bandswitch, whose shaft is coaxial with the 
tuning sleeve. A smaller knob is affixed to the 
switch shafl« 

A tuner with 21-Mc. output (the old-type 
i.f.) is prefcrn hie to late-model types, as it can 
be used directly with any communications re
ceiver tuning 20 to 24 Mc. If the receiver tunes 
only up to 18 Mc., the i.f. winding, L103, can 
be padded down to about 16 Mc. This is de
sirable in any case, particularly if 28-Mc. re
ception is to he included, as it will help pre
vent mixer troubles on this band. The padder 
should be about 30 pf., connected in parallel 
with C 112• 

The fine hming will not cover an entire 
band, so U1c converter may be used in the same 
manner as a crystal-controlled one: by leaving 

Fig. 4· 16-A 4·band v.h.f. converter made from a Stan· 
dard TV Tu ner. Earlior model of the tuner is shown 
at the rig ht. Eight TV channels may be left in use, for 

harmonic-checking purposes. 
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Fig. 4-17-Schematic diagram of the Standard TV 
Tuner, as monufoc1ured. Maker"s parts designation• are 
used on this drawing and throughout the text. 
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the fine tuning set in one position and doing 
all tuning with the communications receiver. If 
only a narrow tuning range is wanted, the fine 
tuning serves very well. Coverage is roughly 600 
kc. on 28 Mc., 900 on 50, 2 Mc. on 144 and 
4 Mc. on 220. To go higher, shift the i.f. lower. 

Adjustment and Use 

Apply power and tune the receiver for maxi
mum noise. The exact intermediate frequency 
is unimportant, as the oscillator range can be 
shifted as needed, by changing the oscillator 
coil inductance. The actual tuning range of the 
oscillator with the fine tuning will vary with the 
setting of the oscillator padder, C110. Hemember 
that this trimmer and all the others, c102• c ,,,., 
and C107 , affect all tuner ranges, so coils must be 
adjusted in inductance so that the setting of the 
four tuner trimmers is the same for each coil 
range. 

The 50-Mc. range is easy if the Channel 2 
coils are modified for this band. The oscillator 
winding, L 10'.!0 , can be used by removing the 
brass slug and adding two turns to the inside 
end of the winding. To use the brass slug for 
inductance adjustment, use at least four turns. 
It is recommended that the slug be removed, 
and turns spread or closed together for induc
tance adjustment. Adel two turns to the adja
cent end of the mixer grid winding, L10213, and 

IO J IOK VIOlB 

R 108 
4700 

R 109 
IS K 

Cll4A J .001 

to the outside end of the r.f. plate coil, L102A. 

Add four turns to each encl of the r.f. grid coil, 
L10rn, leaving the primary, L10u unchanged. 
Coil information is given in the table, in case 
you want to leave the Channel 2 coils unmodi
fied. 

To set up for reception on 50 ~k., put the 
fine tuning near its maximum-capacity setting, 
and peak the i.f. coil, L103 or its padder men
tioned earlier, for maximum noise. Peak trim-

Fig. 4-18-Amoteur band coils for the converted TV 
tuner. Each assembly al the left has three windings: 
oscillator, mixer grid and r.f. plate, in that order. The 
two-winding coils, right, ore the r.f. grid and ontenno· 
coupling coils. In order of frequency, readi.n·g up from 

the bottom, they are for 28, 50, 144 and 220 Mc. 
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Fig. 4·19- Bollom view of the converter, showing the 
tuner with several sets of coils removed. Each chonncl 
hos separate assemblies, which may be removed readily. 

mers Cio7, 104 and 102 for maximum noise, nnd 
you' re ready to go. If any of these pnclders 
peaks near maximum or minim um setting, it is 
well to adjust the coil inductance to hring them 
nenr the middle of their range, as they will 
nccd lo be that way for the otl1er bands, too. 
Checking with them is handy in the adjust
ment phase, however, to indicate whctlwr coil 
inductance must be rniscd or lowerccl. T he os
cillator coil shOlild be set so tha t 50 r..1c. t'O lll CS 

near the low encl of the tuning range ( mnxi
mum setting of the flne-hming capacitor ). 

Procedure for otl1er bands is similar. 11cmcm
bcr, the objective is to get all coils to peak with 
the tuner trimmers at the same setting. If 
you're interested in only one band this is, of 
course, unimportant. If you find that response 
vories across a band, the coil inductances crin 
he .~ tagge red to level off the peaks. J\ i.;nin, the 
tuner trim111crs wiH show which way to change 
the inductance. 

Tf a signal generator is available the process 
is simpler, but peaking on noise and checkin~ 
coverage by means of signals is not difficult. If 
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you have a v.f.o. or a good supply of crystals 
the tuning range can be checked readily 
enough. Performance is good, but not q uite the 
best obtainable with modern crystal-controlled 
converters. The oscillator stability is far from 
perfect, especially on the bigh bands, iliough 
it is good enough for voice reception with 
good quality. With a receiver of relatively 
broad i.f. response, such as the surplus BC-312 
and 342, t11c stability is atlcquutc on ::ill ranges. 

Sensitivity on 28 or 50 Mc. is us good as you 
can ever use. Less than 0.5 microvol t iuput 
gives a J 0-d b. signnl-to-noisc rn tio. About 1 mi
crovolt is required on 144 and 2 on 220. A low
noise preamplifier will help on tlicsc two bands, 
but one will not be needed for optimum weak
signal reception on 50 or 28. 

The converter is also useful in hunting down 
harmonics, or in listening for TV signals as in
dications of band cond itions. Several T V chan
nel coils cnn be left in for t hese purposes. Video 
sig11als make a fearful racket, but the f.m. 
aucUo can be understood fa irly well by slope 
tuning, with all but the most selective receivers. 

® 
l 103 

© 
c 102 

Fig. 4·20-Sketch of the top of the TV tuner, showing 
location of the va rious a djustments. 

SIMPLE FET CONVERTER FOR 50 MC. 

The FET (field-effect transistor) i1rovides 
freedom from overloading comparahle to the 
better vaccuum-tubc r.f. amplifiers. Ma11y inex
pensive FETs are now available tliat give excel
lent noise 8gure and ga.in in tl1e v.h.f. range. 
T he FET is q nite similar in clrnracter.ist ic:s to a 
tube amp liller, and it will b e seen from n co111-
parison of tbe schematic diagrams that the 
~implc 50-1\lc. converter of Fig. 4-21 is nol un
like the Nuvi.~tor converter previously described. 
It should be its equal in perfomrn11ce, and il has 
a considerable edge in overall simplicity, since 
it can operate directly from a g. or 12-volt 
battery. 

Circuit Details 
Tn the intere.~t of bandpass response and re

jection of out-of-band signals, double-tuned 
circuits ::ire used for the input nnd interstage 
coupling. Back-to-back diodes, CH, imd CR2, be
tween the a nte nna connection and ground, pro
tect tlic first stage from r. f. l~nkagc from the 
nansmitter, or from trnnsicnt voltages such as 
might result from nearby lightning discharges. 

The r.f. and mixer transbtors may be any of 
several v.h.f. FETs. The inexpensive l\lPF-102 
shown is by ~!otorola , and similor types are avail
able from otl1cr sources. Any type rated for r.f. 
amplifier service to 100 Ille. or so should be more 
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Fig. 4·2 1- 50·Mc. converter with fie ld effect t ransi1tors 
in the r.f. and mixer stages. 

than adequate. The r.f. transistor is operated 
grounded-gate, which is the equivalent of 
grounded-grid use of a vaccuum tube. Such n 
stage is relatively low-gain, but it is stable, and 
docs not require neutralization. At 50 i\lc., at 
least, the gain is adequnte for good reception, 
when the stage is used with a grounded-source 
mixer, as shown. 

The oscillator uses a bipolar transistor with a 
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43-i\lc. crystal. Any v.h.f. tmnsistor will do here. 
The mi'l:er output is 7 to 11 Mc., as shown, but 
the 14-.Mc. range could be used equally well. In 
that case the coil and crystal information could 
be taken from the converter of F ig. 4-6. 

Cons truction 
The converter case is a 3 by 5J.: by 2!:-inch 

i\ linibox, with the parts mounted on the cover 
portion. Shields arc mounted across the chnssis 
to keep down unwanted interstage coupling. 
Par ts layout is not particularly critical, though 
the approximate relative positions of t11c princi
pal r.f. components should be followed, for best 
results. Phono connectors were used for the input 
and output fittings, I 1 and /.!.. These work well 
enough, t11ough you may prefor the better me
chanical qualities of BNC or other coaxial 
fittings. 

Colored tip jocks 111 and J,1 on the rear wall 
are used to bri11g in the operating voltage. Small 
feedthrough bushin,qs (Johnson l.Ub-Loe) arc 
mounted in the interstage shjelds, where leads 
must mo between sections. In Fig. 4-22 the r.f. 
amplifier stai;:e is at the right side of the picture, 
the mixer at the center, and the oscillator at the 
left. 

Adjustment 
Check the wiring, to be sure that it is correct 

nnd complete, then connect the converter t<> the 
communications rec.:c fvcr input, and apply cl.c. 
voltage through 1:1 and 1.1• The receiver noise 

Fig. 4-22-loaking into the under side of the 6·metor converter the mixer is in the center, with the rJ. stage 
a t the right ond the oscillator at the left. 
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Fig. 4·23- Schemotic of the 6-meter FET converter. All resistors o re Y:i-wott composition. All capacitors a re di sk 
or tubular ceramic. 

CR,, CR,-Germonium diode ( 1 N34A suitoble). 
J ., J,- Phono connector. 
J,,, J.1- lnsulated banana ja ck, one red, one black. 
L, , L,. inc.- 0.68 ,uh., slug-tuned (Millen 69054-0.68*). 

L1 hos top a dded at 2nd turn from ground end. 
L"-11 to 24 ,uh. sl ug-tuned (Mi ller 4507). 
L0- 5 tu rns insulated wire over cold e nd of Lr;. 

level will increase markedly, if the converter 
oscilJator is working. Turning the slug in L 7 
should bring this about, if it does not start im
mediately. Set the slug at a point where oscilb
tion will occur each time the voltage is applied. 

It should now be possible to hear any reason
ably strong signal, actually on-the-air or from a 
v.h.f. signal generator. Peak all core studs in 
the r.f. and mixer circuits for maximum signal 
strength, and the adjustment should be nearly 
complete. It may be helpful to stagger-tune L:l• 
L,1 and L~ for uniform response across the desired 
frequency range. This results in somewhat lower 

L;- 0.33 ,uh., slug-tuned (Millen 69054-0.33*). 
L, - 1 turn sma ll.gauge insulated wire over cold end 

of L,. 
Y1- 43.0-Mc. third·overtone crystol (International Crys· 

tal Co. Typo F·605) . 
*Avo iloble direct ly from James Millen Mfg. Co. 150 

Exchange Stroot, Molden·, Mass. 

than maximum gaiu, but does not affect the noise 
figure adversely, as this is cletem1ined mninl>' 
by tl1e rust tuned circuit. L I and L2 should be 
ndju~ted carefully fo r best signal-to-noise ratio 
on a weak signal, rather th<m for· maximum gnin, 
if there is a d ifference discernible. 

Jn adjusting the coil slugs, be su.re tl1nt the 
circuits actually pe(lk. Occasionally there will 
appear to be a peak which is actually the ccnt:er
ing of the slug in the winding. lf tbis happens, 
you need more turns in the coil ~r more capaci
ta nee across it. 

LOW-NOISE FET CONVERTER FOR 
144 MC. 

The converter of Fig. 4-24 was designed to 
provide optimum performance and flexibility. 1t 
shows examples of several techniques that can 
be used to advantage by constructors of v.h.f. 
gear. Two Seid-effect transistors are used as r. f. 
amplifiers in a transistor version of the familiar 
cascocle circuit. An FET mixer follows, with 
output in the 28-Mc. band. Then there is an i.f. 
amplifier employing an integrated circuit, a con
venient way of handling this job, since all the 
small parts needed are included in the IC itself. 

The oscillator-doubler system uses inexpensive 
b ipolar transistors, and the oscillator collector 
voltage is reguliltccl. The converter is hui.lt on 
an etched circuit board. 

Options 
There are several type~ of FETs that could he 

substituted in the first three stages, though the 
inexpensive Motorola MPF-102s are adequate. 
Maybe your receiver works well enough at 28 
lvlc. so that you don't need the i.f. ampli fier 
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Fig. 4-24-A look at 
the completed 2-meter 
etched circuit FET/ IC 
converter a nd its 12· 
vo lt a.c.-operated 
power supply. The 
converter is at the 
right, mounted in a 
Vector case. The 
power supply is 
housed in a 4 x 5 x 2· 
inch aluminum chassis. 
It has o bottom plate 
to which four rubber 
feet hove been at-

tached, 

stage, but the gain-control feature makes it 
worth inclusion, and its input and output cin.: uits 
can be stagger-tuned, to smootl1 out the overall 
response of the converter across the desired 
bandwidth. Regulation of the oscillator voltage 
may not mean much to the average operator, 
but if you want the ultima te in stability, for s.s.b. 
or weak-signal c.w. work, you'll very likely find 
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it worthwhile. Then there's that polarity-insur
ance diode, CR 1• Lf you're sure that you'll always 
hook up power the right way around, this serves 
no useful purpose. It's pretty cheap insurance, 
though, especially if you decide to run the con
verter from a battery. All-battery operation 
might be attractive if you happen to have a 
transistorized receiver to use with the converter. 

Fig. 4·25- A head-on view of t he top su rface of the etched circuit board. The i.f. gain control knob is at the 
upper right. The input jock for the 12-volt supply is just to the left of the gain control. The i.f. output jack is 
at the lower right, and the r.f. input jack is at the lower left on the board. The IC is located a t the far right, 

just obove the i.f. output connector. 



V
I 

S
8M

c. C
J
 

~
 

5
6

0
0

 

R
.F. A

M
P. 

R
.F. A

M
P. 

M
IX

E
R

 

14<:
-1

4
8

 M
c 

M
P

F1
0

2
 

1
~
 

~
~
 

~
~
v
. (R

E
G

.) 

A
R

I 

,Q
l,Q

2
,0

3
 

;u
·c

2
 

+
12v. 

1.F
. A

M
P. 

C
R1 

.oos 

~
 

.'tl~
 

LB
~
~
 

.0
05 J3

 r<
+

t2V. 
(4

5
M

A
.) 

~
'"' 

C
X

C
f."

'f 
.fl.S 

tfllO
lt

A
lC

O
. 

O
EC

tW
. . .U

 

V
•
lU

[
;
 or C

•
"
'•C

1
T

A
l!llC

E
 

•
R

t. 
lfl 

W
tC

.iitO
rA

R
A

0
1 (

p
f.

J;O
n

lU
:S

 
.
.
 , 

I.It 
,1

c
o

t1.R
;D

S
(

l)l.O
lij.1p

lJ
; 

•
(
illS

h
N

C
.[:1-

&
1

'( 
IH

 
O

H
.W

S
; 

fJ Q
4, Q

66 

E
 

c 

S
H

O
R

T
 t.E

A
O

 
(<

:a
to

ll)
 

F
la

t 
as 

A
r
c
~
'
-
Q
 

e 
S

M
: S

ILV
E

R
 M

IC
A

 

~
 

e
cB

 B
O

T
T

O
M

 
O

S
G

 

V
IE

W
S

 

Fig. 4·26-
S

chem
atic o

f th
e converter. F

ixed-value resistors o
re V2 W

oll com
position

. F
ixed-valu

e copacitors o
re

 disk o
r tu

b
u

lar ceram
ic unless staled

 otherw
ise. 

A
R

1 -M
o

lo
ro

la M
C

-1550 in
teg

rated
 circuit. T

ake o
u

tp
u

t 
from

 L,, 
if am

plifier stag
e is 

not used. 

C
1 -G

im
m

ick capacitor: tw
o

 1-inch lengths o
f insulated 

hookup w
ire, 

tw
isted 

6 
tim

es. 
A

 2-pf. 
fixed

v
alu

e ceram
ic cap

acito
r can

 b
e substituted. 

C
2 -1

0
-p

f. 
piston-type 

trim
m

er 
(C

en
tralo

b
 829-10). 

C
R

,-
S

ilicon d
io

d
e, 5

0
 p

.r.v .. o
r g

reater, a
t 200 m

a. 
J

1 -B
N

C
-style chassis connector. 

J,, J
3 -P

h
o

no jack. 

L
1 -

6 turns N
o. 2

4
 en

am
., w

ire to
 occupy %

 inch on slug
tun

ed
 form

, !4 in. d
ia.; (M

iller 4500-4) tap
 1 !4 

turns ab
o

v
e ground en

d
. 

L,,-
4 tu

rn
s N

o. 2
4

 en
am

. w
ire to

 occupy ¥a inch o
n

 sam
e 

type form
 as L,. 

L
3 -

5
 turns 

N
o. 

24 
en

am
. to

 occupy %
 inch 

on sam
e 

type form
 as L,. 

L,1 -
4 

turns 
N

o. 2
4

 en
am

. to 
occupy %

 inch 
o

n
 sam

e 
style form

 as L,. 
L~-

2
 turns insulated h

o
o

k
u

p
 w

ire o
v

e
r g

ro
u

n
d

 en
d

 o
f 

L ... 
Liv L8 -

S
lug-tu

n
ed

, 1.6 to 2
.8

 µ
h

. (M
iller N

o. 4503). 
L,, L

0 -T
h

re
e·turn link o

v
er cold en

d
s o

f L
0 an

d
 L

5
• U

se 
sm

all-d
iam

eter in
su

lated
 hookup w

ire. 
L

1
0 -

5 
tu

rn
s 

N
o. 2

4
 en

am
. w

ire lo
 occupy %

 
inch 

o
n 

M
iller 4

5
0

0
·4

 slug-tuned form
. 

Lu
-2

-tu
rn

 link o
f sm

all-die. w
ire o

v
er cold en

d
 o

f 1
1 .,. 

Lc:-
5

 Jurns N
o. 2

0
 tinned co

p
p
e
r w

ire (o
r enam

.), 5
/1

6
-

inch d
iam

eter,
%

 inch long
. 

L,3 -
2

 turns sm
all-die. insulated h

o
o

k
u

p
 w

ire inserted in 
cold en

d
 o

f 1
1

2 , V
..-inch d

ie
. 

l
1

,1 -
9

 tu
rn

s 
N

o. 2
4

 .en
am

. w
ire, 

close-w
ound an

 sam
e 

style form
 a

s L
10 • 

Q
.1 ,-Q

0 , in
c.-F

o
r text referen

ce purposes. 
R

1 -5
0

0
,0

0
0

-o
h

m
 control, lin

ear tap
er. 

R
FC

,-
5

0
-µ.h

. r.f. choke (M
illen J-300-50). 

R
FC

2 -
22-µh. r.f. choke (M

illen J-300-22). 
Y
,
-

5
8

-M
c. 

third-overtone crystal 
(International C

rystal 
ty

p
e f-6

0
5

). 

°' °' :c::: 
:::c 
:'l'1 
::0 
fT1 
(") 
fT1 

<
 

fT1 
::0 
V

J
 



FET Converters 

J4 

OUTPUT 
~IZV. 

67 

Fig. 4-27-Schemotic of the conver
ter's power supply. The 2000-µf. 
capacitor is e lectrolytic, others ore 
disk ceramic, 1000-volt un its. The 
56-ohm resistor was selected lo give 
the proper power-supply volta ge 
wh e used with the circuit of Fig. 

CR1-CR,, inc.-Si licon rectifier, 50 p.r.v., 1 ampere. 4 -26 (12 volts d.c.) 
T1-12-volt, 1-ampere fi lament transformer. 
11- 1l5-volt o.c. neon lamp assembly. 

115V. A.C. J,- Phono jock. 
S1- S.p.s.t. toggle. 

Construction 
T he converter is assemblecl on a 4M by 6Jf

inch etched circuit board (Vector CU65/45-l ) . 
A layout drawing, F ig. 4-29, will help you to 
make your own layout, or a template can be ob
tained if you wish.• Heady-made boards can be 
purchased.• Shields of flashing copper isolate 
the various sections of the converter. \Vhere 
these are soldered or bolted to the circuit board 
it is necessary to trim away portions to prevent 
shorting out the circuits. The shields do not show 
clearly in Fig. 4-28, so their approximate loca
tion can be checked out by the dashed lines in 
Fig. 4-26. Locations of the key components can 
be determined from the layout drawing, Fig. 
4-29, and from the top and bottom photographs. 

The chassis is a matching Vector assembly 
made of two of their Frnm-Loc rails 2 by 61.1 
inches (Vector SR2-6.6.062), two 2 by 4Jf 
inches (SHI-4.6/062), and a bottom cover 
( PL4566). J\ standard chassis could be used, if 
the cover p late is cut out to fit the circuit board. 

° Full-s ize template simi lar to Fil!. 4-29 sent upon re
ceipt of 25 cents and shunped se1f-addressed enve lope. 
Address ARHL Technica l Dept. Newington, Ct. 06111 
nnd mention figure nun1bcr, pul>licnlion and eclitlon uu_m
ber. 

lleadymntlc boards from Harris Co., 56 East Ma in St., 
Torrington, Ct. 06790. Write them for prices. 

Power Supply 
T he converter requires about 12 volts d.c. at 

45 ma. The a.c. operntecl 12-volt d.c. supply for 

Fig. 4-28-Bottom view of the etched-circuit board converter. The i.f. gain control and 12-volt power jock 
ore at the lower right. The input circuit and ,,f, sta ges are al th e upper left. The mixer is at the upper 
center, and the IC i.f. amplifier is al the upper right. The oscillator chain extends along the lower portio n 

of the board. The interstage shields ore in place, but ore difficult to see in this photo. 
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ORILLS!ZES 

A " 54'2 
6 . %2 
c . ~ ... 
0 • JAs• 
E • l'o. 33 

Allotlier 
holes use 
No.43dcill 

Q2 

PIN I 
AR l 

V.H.F. RECEIVERS 

Lt 
t!====~~~~m-r- PIN 4 

Fig. 4-29-loyout of the etched 
circuit boa rd . The lines show 
where the key components ore 
mounted and indica te the woy 
the semico ndudor leods ore in· 
dexed. This is o bottom view of 
the board (copper side). The 
inked-in areas represent the sec· 
lions of the board tha t hove been 
etched away. The white areas ore 

L12 

Axed-station use, F igs. 4-24 nnd 4-27, is built in 
a 4 by 5 by 2-i11ch aluminum box with bottom 
plate. For portable work the converter might be 
operated from the same source as a transistor
ized communications receiver wilh which it is to 
be used, or from a car bnttery. J\ bank of 8 D
cells will provide many hours of intem1ittent use. 

If mobile operation is planned, it would be 
prudent to conoect an 18-volt Zener diode 
across J 3, to protect the transis tors from transient 
peaks which occur in automotive electrical sys
tems. Under normal conditions tl1e Zener would 
not conduct. 

Checkout 
Before applying operating voltage, make a 

thorough check of the soldering operations oD the 
circuit board, to be sure that the job is complete 
and correct, and that there are DO incidental 
shorts. 

With a test signal (generator, or on-the-air, 
startiog with a high level ) on nbout 145 .Mc., 
adjust Lv L2, L~, L.1, L 0 11nd L8 for mmtimum 
output. lf the test sigoal cnnnot be heard, it is 
likely that the oscillator, 0.1, hns not started. In 
this case, adjust L10 until an increase in noise 
occurs, indicating tbe start of oscillatlon. Detune 

+ l2VOLT 
SUS 

the copper strips tho! remain. 

the slug out of the coil slightly, until the 
oscillator will start whenever voltage is npplied. 

The inductance of L 1 and L 4 , and tl1e position 
of the tap on L 1, should be adjusted for hcst 
( lowest ) noise figu re, if a noise genera tor is avail
able. These adjustments can be made on a weak 
signal, if careful observation of the margin of 
the signal over noise is maintained. There is in
teraction between these adjus tments, so several 
resettings of each may have to be made for 
optimum reception. Heasonably Ant response 
across the desired tuning range can be achieved 
by stagger-tuning the rest of tbe circuits, botl1 
r.f. and i.f., as only the input and neutralizing 
coils will affec t noise figure measurably. 

The gain control, Rt, should be set so that the 
noise level, with no signal, just shows on the 
receiver S-meter. lo this way the signal readings 
will then be more useful than is often the case 
with converte r-receiver combinations where no 
i.f. gain control is included. The setting for vari
ous receivers may vary markedly, but it should 
be remembered that tl1e position of this control 
has no bear ing on the ability of tl1e system lo 
respond to weak signals, if it is set high enough 
so that the noise output of the converter can be 
beard, or seen on the meter. 

HIGH-PERFORMANCE 22.0-MC 
CONVERTER 

The superiority of transistors over tubes be
comes more marked as the upper frequency 
limit of the tubes concerned is approached. Thus 
n well-designed 220-Mc. converter using tbe 
better transistors may outperform one using any
thing but the most expensive and hnrd-to-get 
vuccuum tubes. The 220-Mc. converter of Fig. 
4-30 is almost a duplitnte of the 144-Mc. model 
shown earlier in this chapter. lts weak-signal 
sensitivity should be better tl1an has been pos
sible heretofor at this frequency, for anything of 

comparable simplicity and moderate cost. It was 
built by Tom McMullen, W! QVF. 

To save space and avoid duplication, only 
tllose portions of the oonverter that are different 
from the 144-Mc. version are discussed here. An 
identical circuit board is used. The circuit, Fig. 
4-31, is similar, but not identical to that of tho 
144-lv!c. converter. The same parts clesignntions 
are used insofar as possible. Self-supporting coils 
and cylindrical ceramic trimmers are used in the 
r.f. circuits. The first r.I. stage has capacitive 
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Fig. 4-30-lnterior of the 220.Mc. FET converter. Mi nor differences from the 144-Mc. model, Fig . 4-26, ore 
discussed in the text. The r.f., mixer and i.f. amplifier circuits, left to right, occupy the upper holf of the circuit 

board. Board layout is ident ica l to that of fig . 4-29. 

neutralization. Injection at 192 Mc. (for 28-Mc. 
i.f. ) is p rovided by a 48-Mc. crystal oscillator 
and a quadrupler. Oscillator voltage is zener
regulated at 9 volts. 

Almost any silicon v.h.f. transistor will work 
in the oscillator and quadrupler stages. The r.f. 
and mixer are FETs. Judging from experience 
with the preamplifiers described elsewhere in 
this chapter, most v.h.f. junction FET's should 
work well here. A noise figure of 3 db. or better 
should be obtainable \vith several different 
types, in addition to the 1vlotorola MPF series 
shown here. The 28-Mc. i.f. amplifier stage is not 
shown, as it is identical to that in tl1e 1'14-Mc. 
converter . It is definitely recommended, not 
only to assure adequate gain for some of the less
effective communications receivers , but also to 
permit setting the desired converter output level 
to match the particular receiver in use. 

One difference between this converter and the 
one for 144 !'vfc. might not be readily apparent, 
but it is important. Note the resistor, R2 , in the 
line to the mixer drain circuit. This is not in the 
2-meter version. It was put into the 220-lvlc. 
model when a signal-frequency resonance de
veloped in the ci rcuit board, causing an oscilla
tion problem that took some chasing down! 
Looking at the layout drawing of the circuit 
board, Fig. 4-29, pick out the 12-volt bus that 
runs from near the middle of the board horizon
tally to tl1e right, before dropping vertically into 

the lower half. This should be severed below 
the letter "A" on the sketch . T he 100-ohm R,, 
is bridged across tlrn gap. -

Other minor mechanical clifforences resulting 
from tl1e slightly-modified circuitry in the r.f. 
portion are apparent from the photographs. The 
small shield between L1 and L1~ in the 2-metcr 
model is not needed here. The neutralizing ca
pacitor, C4, appears about where L14 was. The 
cylindrical trimmers, C:J• C0, C6 and C7 , are 
mounted where the slug coils are seen in the 
144-Mc. model. Note the mounting positions of 
the r.f. coils. L1 , L3 and L4 are similar: their axes 
parallel to the chassis. L2 is perpendicular to it. 

Adjustment 
The first step should be to get the oscillator 

and multiplier running. lt may be advisable to 
keep voltage off the stages other tlrnn the ones 
being checked, at this point. Make sure that the 
oscillator is on 48 Mc., and no other frequency. 
(In this type of circuit it is possible to get oscil
lation on the crystal fundamental, in this case 
16 Mc., if the collector circuit does not resonate 
at 48 Mc.) Now fire up the quaclrupler and peak 
C., for maximum energy at 192 Mc. 

\-\Tith the converter connected to the receiver, 
there should be a marked increase in noise when 
voltage is applied to the r.f., mixer and i.f. ampli
fier stages. The i.f. can be peaked for maximum 
noise at 28 Mc. It is helpful at this i)Oint to have 
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FET Preamplifiers 

a signal on 220. A dipper signal will do. It is 
also desirable to have a properly-matched an
tenna connected to J 1, unless a good signal gen
erator with 50-ohm termi11ation is :wailablc for 
alignment purposes. If a random antenna must 
be used, put a 50-ohm resistor across ] 1 to simu
late the eventual load, for neutralization pur
poses. 

There m:iy be no oscillation in the r.f. st:iges, 
regardless of tuning, if the converter is operated 
with a proper load. If this is the case it is merely 
necessary to adjust the neutralizing capacitor, 
C~, and the tuning of the input circuit, L 1C:1, for 
best signal-to-noise ratio on a weak si~nal. All 
other circuit~ affect only the gain and frequency 
response characteristics, so they can be adjusted 

71 

for flat response across the desired frequency 
range, and there will be no sacrifice in the ability 
of the system to respond to weak signals. 

Most realistic operation of the receiver's S
metcr will be obtained if the meter adjustment 
is set so that there is an appreciable reading on 
noise only, with no signal. The converter i.f. gain 
control is then set so that the meter reads S-0 or 
S-1, wi th the antenna on. In this way the relative 
strength of signals will be indicated on the 
meter, \.,,ithin the usual variations encountered 
with these none-too-reliable devices. The re
ceiver's antenna trimmer, if there is one, can also 
be used as an auxilliary gain control, and it will 
have no effect whatever on the sensitivity of the 
system. 

FET PREAMPLIFIERS FOR 50, 144 AND 220 MC. 

fig. 4-32-Tronsistor preomplifiers for 50, 144 and 220 Mc., left to right. Appeorance is similar, except for the 
type of tuned circuit used . 

\Vberc a v.h.f. receiver lacks gain, or has a 
poor noise figure, an external preamplifier can 
improve its ability to detect weak signals. Some 
multibancl receivers that include the 50-}.lc. 
band are not as good as they might be on 6. 
Converters for 14'1 Mc. having pentode r.f. 
stages, or using some of the earlier dual triodes, 
may also need some help. Most 220-Mc. con
verters nre marg inal performers, at best. The 
.6cld-cffcct transistor preamplifier:; of F ig. 4-32 
should improve results with these, nnd with any 
other receivers for these bands that may not be 
in optimum working c.'Ondition. 

The circuits of the amplifiers arc similar, 
though iron-core coils arc used in the 50-~'lc. 
model, and air-wound coils in tl1e othrr two. The 
grounded-source circuit· requires neutraliza tion. 
This is done with a capacitive feedback adjust
ment, rather than with the inductive circuit 
commonly used. A tapped inp ut circuit is used 
in the 50-Mc. ampl ifier, and capacitive input is 
shown for the otl1cr two, though this wns done 
mainly to show alternative circuits. T he output 
circuit is matched to the receiver input by means 
of C2• 

.\Iany inexpensive transistors v;ill work well in 
tl1ese amplifiers . .\Iotorola }.!PF-102, 104 and 
106, all low-priced molded-plastic units and tl1e 
more expensive metal-case 2N4416 were tried, 
nncl all were more tb:m adequate. The i'.VIPF-102 
is the leas t expensive, and, surpris ingly, it was 
as good as any, even on 220 tvlc. Careful read
just111ent is required when changing transistors, 
so the builder should not jump to conclusions 
about the relative merit of d ifferent types . 

Construction 
The amplifiers were built in sm all handmade 

boxes, aluminum for tl1e 50- and 144-Mc. mod
els, and flashing copper for the 220-Mc. one, 
but any small metal box should do. Those shown 
are lJf by 2 by 3 inches in size. The b·ai1sistor 
socket is in the middle of the top surface, and 
the DNC input and output fittings are centered 
on the ends. The tuned ci rcuit~ arc roughly ~I 
inch either side of the transistor socket, but this 
should be adjusted fo r good layout with the parts 
available. Flat ceramic trimmers are used for 
tuning the 144-i\Ic. amplifier, and the cylindrical 
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Fig. 4-33-lnteriors of the FET preamplifiers, in the same order as in Fig. 4-32. The input end is toward the 
left in each unit . 

type in the 220-.Mc. one. Sockets were used 
mainly to pem1H trying various transistors; tl1e}' 
could be wired directly in place equally ,~veil. 
Printed-circuit construction would be fine, if you 
like tl1is metl10d. 

Adjustment 
The preamplifier should be connected to the 

receiver or converter with which it is to be used, 
with any length of coaxial cable, or by hooking 
!., dixect.ly to the converter input jack with a 
suitable adaptor. If you have a noise generator 
or signal generator, connect it to ! 1• If not, use a 
test signal from a grid-clip oscillator, or some 
other signal source known to be in the band for 
which the amplifier was designed. Preferably a 
matched antenna for the band in question should 
be hooked to JJ, if a signal generator is not used. 
A 50-ohm resistor across J1 may be l1elpful if a 
random antenna is used for the adjustment work. 

JI 

JI~ 
~CR2 

c ,-1.3 to 6.7-pf. subminiature variable (Johnson 189· 
502-.5). 

c ,- 3 to 30-pf. miniature mica trimmer. 
C3- 0.001-µ f. feedthrough (Centralab MFT-1000; FT-

1000 in 220-Mc. amplifi er). 
C,. C,-3 to 12·pf. ceramic trimmer in 144-Mc. ampli

fier; 1 ta 6-pf. cylindrical ceramic in 220. 
C0-0.001-µf. 50·volt mylar. Omitted in 220-Mc. model. 
CR,. CR2- 1N34A or similar germanium diode. 

Set the neutralizing capacitor near half capaci
tance; then, with no voltage yet applied, tune 
t11e input and output circuits roughly for maxi
mum signal. (The level may be only slightly 
lower than it would be with the converter or 
receiver alone.) Now apply voltage, and check 
current drain. It should be 4 to 7 ma., depending 
on the voltage. Probably there will be an in
crease in noise and signal when voltage is turned 
on. If not, the stage may be ~soillating. This will 
be evident from erratic tuning and bursts of 
noise when adjustments are attempted. 

If there is oscillation (and it is likely) move 
C1 in small increments, retuning tlie input and 
output circuits each time, until a setting of C1 
is found where oscillation ceases, and tl1e signal 
is amplified. All adjustments interlock, so this is 
a see-saw procedure at first. Increasing the capa
citance of C2 tends to stabilize tlle amplifier 
through increased loading, but if carried too far 

Fig. 4·34-Circuit diagrams and ports 
information for the FET preompli· 
fiers. Values of capacitors not de
scribed are in picofarads (pf. or 

µ.µ.f.). 

) 1 J2-Coaxial fitting, BNC type shown. 
L,-50 Mc.; 7 turns No. 24 enamel on %-inch iron-slug 

ceramic form, tapped of 3 turns from ground 
end (Form is Miller 4500). 144 Mc.: 3 turns 
Na. 22, %-inch diam., % inch long. 220 Mc.: 
same, but with 2 turns 14 inch long. 

L,-50 Mc.: 10 turns like L,. but center-tapped. 144 Mc.: 
5 turns No. 22, %-inch diam., 'h inch long, 
center-tapped. 220 Mc.: Same but 4 turns, 



50-Mc. Mobile Converter 

will have an adverse effect on gain. The best 
setting is one where the input nod output cir
cuits do not tune too critically, but the gain is 
adequate. 

The input circuit is llrst peaked for maximum 
signal, but final adjustment should be for best 
signal-to-noise ratio. This process is very similar 
to that with tube amplifiers, and the best point 
will p robably be found with the input circuit 
detuned on the low-frequency side of the gain 
peak. In listening to n weak modulated signal, 
the fact that the noise drops oCF faster than the 
signal with a slight detuning is quite obvious. 
Typically the meter reading may drop about one 
full S-unit, while the noise level drops two S
units. The exact setting depends on the neutral
ization, and on the loading, both input and 
output, and can only be determined by experi
ment, with a noise generator or a weak signnl. 

Results 
Because external noise is more of a limiting 

factor in 50-Mc. reception than on the higher 
bands, tuning for best reception is not critical on 
this band. Very likely you can set the neutraliza
tion to prevent oscillation, peak the input and 
output circuits roughly, and you'll be all set. On 
144 the job is fussier if the amplifier is to effect 
a real improvement, pnrticulnrly if your receiver 
is a fairly good one. This preamplifier should 
get you down to the point where external noise 
limits your reception, for sure, if you were not 
there before. On 220 the preamp is almost cer
tain to help, unless you already have an excep
tional receiving setup, and optimum per
formance is worth the trouble you take to get it. 
With all three, you should be certain that, if a 
given signal can be heard in your location, on 
your antenna, you will now be able to hear it. 

Warning: if the preamp is to be used with a 
transceiver, be sure to connect it in the line to 
the receiver only, not in the main line from the 
transceiver to the antennn. It is best to do this 

50-MC. CONVERTER 
WITH 12-VOL T NUVISTORS 

With the advent of 12-volt ignition systems 
and nll-transistor broadcast receivers for car use, 
amateurs wishing to use the car receiver as an 
i.£. system for v.h.f. converters have been faced 
with something of a dilemma. Thefr brondcast 
receivers now have no power supply from 
which to draw plate voltage for the converter, 
and 12-volt hybrid tubes available have not 
been satisfactory for v.h.f. use. 

The Nuvistor is now available in a model 
that works very well at low plate voltages. The 
8056 is similar to the 6CW4, except that it has a 
transconductance nlmost ns high when working 
at only 12 to 24 volts on the plate. It can be 
used in similar circuits, nnd it makes for very 
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before any work is done on the ampli6er; 
otherwise you're sure to throw the send-receive 
swjtch inadvertently, and finish off the transistor. 

If you're in doubt about the possibility of r.f. 
coming down the antenna line, connect protec
tive diodes across the input, as shown with CR1 
and CR., in one of the circuits. Install these after 
the preamplifier tuneup, and check weak-signal 
reception with and without them, to be sure that 
they are not causing signal loss. Junction-type 
field-effect transistors are capable of withstand
ing much more r.f. voltage than bipolar transis
tors, so this kind of protection may not be needed 
in situations where it would have been manda
tory with earlier types of transistor front ends. 

432-Mc. Version 
Results with these preampliliers were so 

gratifying that a 432-Mc. model was tried. This 
was quite simil(lr in layout, except that the metal 
case 2N4416 was used, and it was wired directly 
in p lace instead of using a socket. The transistor 
was suspended in a small notch in the bottom 
edge of a shield, which was mounted across the 
middle of t11e assembly. The case and source 
leads were soldered to the shield, with the gate 
lead projecting into the front compartment (Ind 
the drain lead into the rear. The trimmers, C.1 
and Cfi, were 0.5 to 3 pf., and tl1e input and 
output loading capacitors were 6-pf. miniature 
variables like C1 in the other units. The coils 
were No. 20 tinned, %.s-inch diameter, u; turns 
in L1 and 3 turns, center-tapped for L2. 

After some considerable juggling of adjust
ments, this stage was stabilized, and then tested 
with a poor crystal-mixer converter that serves 
as a trial horse in such work. The preamplwer 
gave about 10 db. gain, and this was all im
provement in the converter noise figure. But it 
was not enough; this test setup requires about 
18 db. gain for optimum performance and com
plete over-riding of tl1e mixer and i.f. noise. For 
setups needing only a few db. gain, such a 
preamp should do very well. 

Fig. 4·35~50·Mc. mobile converter, using tho 12-volt 
Nuvistou. l.f. output is 600 kc. 
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Fig. 4-36- lnterior view of the 
W2UTH mobile converter. 

good v.h.f. converter perfom1ance with no plate 
supply other than the 12-volt car battery. 

The 50-Mc. converter of Fig. 4-35 was built 
by W2UTH, Victor, N.Y., for mobile use. Its 
circuit is only a slight modification of that given 
for 50-Mc. work with the 6CW4, in tho con
verter series described earlier in this chapter. 
The output frequency is 600 kc., permitting cov-
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erage of the Grst megacycle of the band by tun
ing the car receiver from 600 to 1600 kc. The 
series-parallel hookup of the heaters, lower left 
portion of Fig. 4-37, takes care of using three 
8056s from a 12-volt source. 

The layout was modified slightly to permit 
construction of the converter Jn a 2)~ by 214 
by 4-inch Minibox. The 58-Mc. trap in the origi-

MIXER 
6056 

.001 

~J2 

fig. 4-37-S<:hematic diagram and parts information for the hybrid-Nuvistor converter. Decimal values of 
capacitance are in µ.f.; others in pf. Co pad tors are ceramic unless specified. Resistors are composition, 

Y.i watt unless specified. 

Cl' C2-No. 22 insulated hookup wires 2 inches long, 
twisted together 1 \".i inches. 

C3-No. 22 insulated hookup wires one·inch long, 
twisted together \".i inch. 

C4-Mica poddcr, approx. 350 pf. 
J 1, J 2-Coaxial receptacle. 
L1-10 turns No. 28 enam., close·wound on 'h·inch iron· 

slug form; lop at 3 turns (Miller form No. 
20AOOORBI). 

l~, L4 , L5-8 turns No. 28 enam., dose-wound on V..· 
inch iron-slug form (Miller 20A687RBI). L 1 and 

L2 ore ¥. inch oport, c. to c.; l 4 and t 5, 
'14 inch apart; t 5 and t6, 7'1 inch apart. 

L3- No. 32 enam., close-wound % inch on V..-inch iron. 
slug form (Miller 20A686RBI). 

l c-6 turns No. 32 enam., close-wound on %-inch iron· 
slug form (Miller form No. 20AOOORBI). 

L7-Ferritc ant.,nna coil for broadcast band (Miller 
6300). Tune to 600 kc. with C4 . 

Y1-49.4-Mc. crystal (International Crystal Mfg. Co. 
F-605). 
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nal 6CW4 converter can be eliminated, as the 
problem it was designed to correct docs not 
exist with an i.f. in the broadcast band. Adjust
ment is similar to the procedure given for the 

earlier model. W2UTH has found the perform
ance of this converter-receiver combination to be 
considerably better than that of a number of 
commercially-available 50-Mc. transceivers. 

SUPERREGENERATIVE RECEIVERS 
FOR 50 AND 144 MC. 

The strong and weak points of superregener
ative detectors are discussed at some length in 
Chapter 3. Receivers of this type for the most 
popular v.h.f. bands are shown in F.ig. 4-38. 
Ench has fea tures that make the most of this 
simplest of all practical receiving systems, 
whiJc playing down its principal limitations, in
sofar as possible. An d. amplifier ahead of the 
detector provides some isolation, reducing radi
ation and making adjustment less critical than 
would be the case with the antenna couplecl 
directly to the detector. 

The receivers will not make anyone the 
weak-signal DX champion of his call area, but 
they are capable of 11snble reception on any 
a.m. or wideband f. m. signal tlrn t would be 
solidly readable on more sophisticated gear. 
They won't separate signals a few kilocycles 
apart, but they do better than most simple re
ceivers, thanks to their high-Q detector circuits 
and r.f. amplifiers. Either will radiate some in
terference, and reradiatc any signal being re
ceived, so they should be used with discretion 
where other stations arc operating on the same 
band in tho same area, but they are not the 
neighborhood curse that one-tube rusbboxes 
are bound to be. They are not the simplest 
you could build and still bear signals, but they 
are cheaper and easier to make than any other 
complete v.h.f. receiving system of comparable 
performance. 

Fig. 4-38-Superre· 
genera tive receivers 
for 50 and 144 Mc. 
The 50·Mc. model, 
right, uses a 6U8A tri· 
ode·pentode a s a cam· 
bined r.f. a mplifier 
a nd detedar. The 144-
Mc. version has 6CW4 
Nuvistors for these 
fundions. The a udio 
amplifier is a 6AV6 
triode in each receiv· 
11r. 

The two receivers are similar, to simplify the 
project for anyone interested in making both. 
The chassis are alike, as are the audio stages. 
The same power supply will do for either. The 
audio portion uses a 6A V6 triode, sot up pri
marily for headphone use. Any audio pentode 
could be substituted, if a suitable output trans
former were connected in place of the plate
dropping resis tor and coupling capacitor. The 
audio level then would be adequate for speaker 
operation. 

The 50-Mc. Model 
Two tubes are used in the 50-Mc. receiver. 

The pentode portion of a 6U8A is a broad
band r.f. ampliller, and the triode is the super. 
regenerative detector. As set up it tunes the en
tire 50-Mc. band, with some leeway on either 
side. More or less tuning range, to si.1it the 
builder's preference, can be had hv using a dif
ferent number of plates in the detector tuning 
capacitor, C 1, in Fig. 4-39. The r.f. amplifier 
input circuit, L1, is peaked for maximum signal 
when the receiver is placed in service, and re
quires no retuning thereafter. 

The principal circuit novelty is the use of a 
section of coaxial line, L.,, for the detector 
tuned circuit. This is self-shielded, and it gives 
somewhat better selectivity and smoother con
trol of regeneration than would be possible with 
a coil-and-capacitor circuit. Hcgeneration is 
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DETECTOR 

.01 

AUDIO AMP. 

J2~1 
V2 
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GAIN 

Fig. 4-39- Schemotic diagram and ports informa tion for the 50-Mc. rocoivor. 
C1-Double·spoccd vorioblo, originally 30 pf. (Hammarlund HF-30X reduced to 5 stator and 6 rotor plates 
-see text). 

C2-10·pf. dipped mica. 
J 1- Phono jock or coaxial connector. 
J:!-Single-circuit jock. 
L1- 11 turns No. 24 enamel on !4-inch slug-tuned form, 

top a t 3 turns from ground end. 
l ?-Cooxiol-line tonk circuit- see text. 
t ; -20-hy. 1 S·mo. filter choke. Output transformer 

controlled by varying the detector plate voltage 
by means of R1• 

The chassis is aluminum, 5 by 9Jf by 2 inches 
in size, with the front end serving as the panel. 
Refinements such ns n vernier dial and a front 
panel can be nddcd if one wishes, but they are 
not really necessary. Though the pictures show 
tlic receivers wit:hout their bottom covers, these 
should not be omitted, ns radiation in the vicin
ity of the receiver will be greatly increased with 
the r.f. circuits exposed. Rubber feet can be 
added to the bottom plate near the corners , to 
cushion the receiver and prevent it from 
scratching n table surface. A hole for the power 
leads, and the phono-type jack used for an
tenna connection arc on the back wall. The 

Fig. 4-40-Boltom view 
of the 50-Mc. receiver, 
showing the coaxial· 
line detector circuit, 
top. R.f. amplifier com· 
ponents arc b otweon 
the line and tho 6U8A 
socket, near the upper 
left port of the 
chassis. Audio circuits 
al the bottom. 

primary olso suitable. 
P1- 3-pin mole coble connector. 
R1-0.25-megohm control, linear taper. 
Jti- l·megohm control, audio toper. 
RFC1- 500-µ h. r.f. choke. 
RFC:!-10-mh. r.f. choke. 

connector can be replaced with the standard 
S0-239 co:u:inl fitting, if desired. 

The detector grid circuit, L~, is made from 
a 27-inch length of 72-ohm Rc:u ; u coax. Re
move the black plastic covering, being careful 
not to damage the copper brnicl beneath. Con
nect the center conductor and l'he brnid together 
at one end. This can be done by tnpering the 
polyethylene insulation and leaving a short por
tion of tlle i11ner conductor exposed. The braid 
can then be formed adjnccnt to the inner con
ductor, and soldered to it. The outer conductor 
is cut bnck at the otller end for about a half 
inch. Then the end of the brnid should be 
wrapped with a few. turns of bare wire, and 
soldered to hold it in place. 



144-Mc. Receiver 

:\low fold the coax in thirds, resulting in a 
length that will just fit inside the chassis. Wrap 
the three portions tightly together witl1 bare 
wire at three points, and solder. Use as little 
heat as possible to do this to prevent melting 
of the insulation. The completed tank circuit is 
tl1en put into the inside edge of the chassis and 
clamped in place witl1 two brackets cut from 
brass or aluminum. The position should be such 
that the open end of the con.~ is adjacent to the 
stator bar of the detector tuning capacitor, C 1• 

The tuning capacitor is a double-spaced 30-
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Fig. 4-41-Underside of the 
144-Mc. receiver. The detec
tor tuned circuit in this model 
is o trough line, of the bottom. 
The detector socket and small 
components associated with 
this stage ore mounted inside 
the trough, ot the right end. 
The r.f. amplifier portion is 
ot the upper lef1, with audio 
components ot the right front. 

pf. model, witl1 some of its plates removed. The 
number to be removed can be determined after 
the builder gets the receiver working, and de
cides how much tlming range (or bnndsprea<l) 
he wants. The fixed p;1cl<ler capacitor C., is con
nected from the cut-off left stator post, as 
viewed from the bottom, to the wire wrapping 
at the open end of Lq. Other connections to 
C1 arc made to the stntor bar on the right side 
of the capacitor. If the layout drawing, Fig. 4-43, 
is followed, placement of parts should present 
no problems. Wire the r.f. circuits with as short 

R.F. AMP. DETECTOR AUDIO ., 

EXCEPT AS INOJCAT[O, OECIMA\. VALUES OF 
CAPACtTAHCC •AC IN MICROrARAOS (pf.); 
OTHERS ARE IN PICOFARA0$ (pf. OR}1}1f.~ 
ACSISTll.N C(S AR E IH OHMS; K" 1000. 

Fig. 4-42- Schemotic diag ram ond ports information for the 144-Mc. superregenerotive receiver. All components 
shown between the broken lines ore insido the detector tuned-circuit assembly. 

C1-1.5 lo 5·pf. miniature trimmer (Johnson 16D-102). 
C2- l.5 to 13·pf. ceramic trimmer. 
J 1-Phono jack or coaxia l connector. 
J2-Single-circuit jock. 
L1-4 turns Ne>. 24, ~~ inch long, on \4-inch slug·luned 

form. Top 1 turn from B·plus end. 
l~-Coupling loop, 5 inches No. 14, moin portion 4'.i 

inches long, spaced 'Ii inch from center conduc
tor of L3. 

l;i-Trough line; see Fig. 4-48. 
L1-20·hy. 15·mo. audio choke. Primary of output trans-

former olso usable. 
P 1-3·pin mole power coble connector. 
R1-0.1·megohm control, 2·wott, linear toper. 
R2- 0.5 ·megohm control, audio toper. 
RFC1, RFC2, RFC:1- 1.8·µh. r.f. choke (Ohmite Z-144). 
RFC.a-lO·mh. r.f. cholte. 
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leads as possible. 
~fount the 6U8 socket so that Pins 1 and 9 are 

toward the front of the receiver. A 4-lug tic· 
point strip (one grounded) is mounted in hack 
of the 6U8 socket, and another about midway 
between the sockets and an inch in front of 
them. A 3-lug strip near the back is used for a 
cable termination. Connection between the first 
tiepoint sb·ip and tl1e antenna jack can be made 
with a small conx if the builder wishes, though 
twisted hooh1p wire works equally well. Place
ment of audio parts and power leads is not 
critical. 

Adjustment 

The receiver can be placed in operation with 
C1 set up for a wide tuning range, with only 3 
rotor and 3 stator plates removed. It will then 
cover from about '15 to 55 Mc. It mny be of 
interest to have this much range, as it permits 
listening to many of tho commercial users of 
frequencies below the band, to get a good idea 
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Fig. 4-43-Chassis layout for the 50-Mc. 
receiver, showing the principal hole sizes 
and locations. Holes for the tuning co
pocitor, audio gain control and phone 
jock ore centered on the front wall. The 
antenna connector and coble-exit holes 
ore on the bock wall. 

of propagation conditions in areas or at times 
when 6-mctcr amateur activity is low. As shown 
the capacitor has 6 rotor and 5 stator plates, 
which gives a range of about 49 to 54 Mc. For 
adjustable bandspread, make C2 a variable pad
cler, and reset it to give the coverage on C1 
that may be wanted at the moment. The lower 
the capacitance in C2, the greater the tuning 
range on the high side of the band with cl. 
Increase C2 to extend the tuning range on the 
low side. 

Control of regeneration should be quite 
smooth with the 50-Mc. receiver. With R1 
turned up to the point where the rushing noise 
is smooth the tuning will be the least critfoal. 
Turning clown regeneration will resul t in a beat 
note being heard as a signal is tuned in. C.w. 
signals can be copied in this position, and if 
great care is used it may be possible to get 
readable reception of s.s.b. signals. 

Adjustment of the slug in L1 is not fussy. Tune 
in a signal in the middle of the range you 

Fig. 4-44-Metolwork layout 
for the 144-Mc. receiver. Di· 
mensions at the left edge of 
the chassis, top, ore for hole 
centers on the front wall, for 
the phone jock, audio gain 
control ond main tuning con· 
trol, respectively, reading 
down from the top. The 
trough wall, center, ond strip· 
line inner conductor, bottom, 
ore shown beforo bending. 
Numbers adjacent to small 
holes ore opproximato drill 
sizes. Mounting halos in the 
partition can be locotod best 
by marking to match chassis 
holes, ofter bending the par
tition. 

. . 
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Fig. 4-45-Power supply for use with the superregonora
live receivers or other equipment items requiring similar 
current and voltage. 

want to use most often, and then adjust the 
slug for best reception. 

The 144-Mc. Version 
Two 6CW4 or 60$4 Nuvistors a rc used ns r.f. 

amplifier and detector in the 144-lvlc. model. 
The first is a grounded-grid stage, in the inter
est of circuit simplification. I t is lightly coupled 
to a st rip-line tank circuit in the grid of the 
superregenerative detector. (Sec F ig. 4-42.) 
The audio stage is similnr to the 50-Mc. receiver. 

The 6C'N4 sockets and associated components 
are mounted on rectangular brass or copper 
plates about l:!. by rn inches in size. This 
permits good gronnding, and also allows the 
builder to assemble the critical parts of the cir
cuit before the plate is mounted in the chassis. 
When the principal connections have been 
made the subassemblics can be mounted in the 
I-inch chassis holes shown in the layout draw
ing, Fig. 4-44. 

The resonant element of L:t can be copper, 
brass or aluminum, preferably at least Y.a inch 
thick. Dimensions of this and the partition that 
comprises lhe inner wall of the trough line arc 
shown, before bending, in Fig. 4-44. The line is 
held in place by two 4-40 screws and nuts at 
t11e bent end, and by a I-inch ceramic cone 
insulator 2~ inches from its high-impedance 
end. The cone also serves as an anchor point 
for tbe tuned-circui t pndder, C 0 • 

Coupling into the tuned circuit is by means 
of a wire loop, L2 , which is tapped down on 
the r.f. amplifier plate coil, Lt, with a small 
capacitance in series to prevent shorting the 
plate voltage. The position of L9 with respect 
to L~ is adjusted for the t ightest- coupling that 
can be had without i11troducing dead spots in 
the tuning range due to "suck-out" effect of 
Lt. T his turns out to be a spacing of about 
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~~ inch. The top end of L? is mounted on a 
small standoff or tiepoint, nCljacent to L 1. 

Heater an<l plate power leads for the detec
tor are brought out through the partition through 
two small holes near the socket. R.f. lends in 
the detector anti amplifier circuits should be as 
short as possible. Grounds may be made to the 
plates on which the sockets are mounted. Ar
rangement of audio components is not critical. 
The layout drawing can be followed, for con
venience, but other arrangements should work 
equally well. 

Adjustment and Use 
\Vith power on, turn up the regeneration 

control, R1, until the smooth hiss of superregen
eration is heard throughout the tuning range, 
but no further than necessary. Tuning range 
can be checked roughly by means of a grid-dip 
oscillator, using it as a signal generator. Adjust 
the slug position in L1 for maximum signal. Tbis 
will interact with the detector tuning, making it 
necessary to "follow" the signal with the detec
tor tuning, until maximum noise suppression is 
achieved. A modulated signal received on the 
air, or from a signal generator, makes adjust
ment easier, as suppression of the hiss by the 
signal is not an entirely reliable way to judge 
proper tuning. Some practice in adjusting the 
regeneration and coupling will enable the op
crat·or to get optimum results in reception of 
weak signals. 

With either receiver an outboard amplifier 
may be driven nicely from the 6A V6. The audio 
level from the amplifier, as shown, is adequate 
for speaker use under quiet room conditions. The 
audio stage may be converted to any audio 
pcnto<le, for better speaker operation, by sub
stitution of nn output transformer in the plate 
circuit of the amplifier and rewiring the tube 
socket for a 6AQ5 or 6AK6. 

The tuning range of the detector can be ad
justed to suit the builder. Using the timing ca
pacitor, C 1, in its original state the detector 
tunes the band with about two megacycles lee
way on each end, when C2 is properly set. In
creasing the setting of C 9 l.owers the actual fre
quency range covered, and slightly increases the 
spread of a given number of megacycle.~ on C1 • 

~lore tuning range can be obtained by using 
the next size larger tuning capacitor for cl. As 
presently used, the capacitor has 2 stator and 2 
rotor plates, which gives a tuning range of about 
six megacycles. 

Power Supply 
The receivers require 6.3 volts a.c. or d.c. at 

about J< ampere, and 90 to I50 volts d.c. at 
20 ma. The latter can be from 90 volts of B 
battery, if this is desirable .. In this case, a switch 
should be inserted in tl1e power lead from Pin 
3, to open the circuit when the receiver is not 
in use. Otherwise there will be a small drain 



80 

IA.MP. 
llSV. A.C. 

on the batteries clue to the regeneration con
trol. This switch could be an integral part of 
either the regeneration or audio volume control, 
if desired. 

Details of a very simple power supply are 

V.H.F. RECEIVERS 

Fig. 4-46-Schematic diagram of the receiver 
power supply. Filter capacitors are electrolytic, 
J1-3-pin female power connector. 
T1-Small replacement transformer, 125 volts at 

30 ma., 6.3 volts a t 1 amp. 
CR1- 400-volt p.i.v. silicon diode, 500 ma. 

given in Figs. 4-45 and 4-46. Th.is type of sup
ply is useful for many purposes around a station 
where the owner likes to build small units sucl1 
as preamplifiers, test equipment and other items 
requiring only a small amount of current. 

A BLANKER FOR 
PULSE-TYPE INTERFERENCE 

Fig. 4-47- A noise blanker for insertion between a 
v.h.f. or u.h.f. converter and the following communi· 
cations receiver. Model shown is set up for 28 to 30 
Mc., but other converter output frequencies could 
be used by altering circuit constants. 

Our frequencies from 220 Mc. up are blessed 
with a mininmm of static, but cursed with a 
maximum of pulse-type noise, thanks to the 
shared nature of our assignments above 200 Mc. 
The "Government Radio Positioning Service" is 
in there, too. This means radar interference, and 
radar looks like about the worst interference 
you cao have. The situation could be worse, 
however, for elimination of static has yet to be 
accomplished, while short pulses of the radar 
variety can be blanked out very effectively with 
~uitable equipment. 

Hadar pulses, ignition and most other noise 
encounternd in the world above 200 Mc. have 

fast rise time and thus can be dealt with if 
eliminated from the receiver before they get to 
circuits that are selective enough to lengthen 
the pulse. Ideally a noise blanker should be 
applied at the antenna terminals of the receiver. 
This is not necessarily impossible, but it is diffi
cult, so customary practice is to employ a noise 
blanker in the circuits after the first mixer, before 
the selectivity-determining stages. This type of 
circuit as described in all modern editions of 
the ARRL Handbook for use at 455 kc. is ad
equate for eliminating auto ignition and the like, 
but radar interference is several orders of mag
nitude more severe. A noise blanker used in this 
manner is too late in the circuit of a v.h.f. con
verter-receiver combination to prevent overload
ing of earlier stages. 

The blanker of Fig. 4-47 is installed between 
the v.h.f. or u.h.f. converter and the receiver 
used as the i.f. system, allowing the noise pulses 
to be eHminated before they reach the high-gain 
stages. One advantage of this approach is that 
no modification of existing equipment is re
quired. The noise blanker is connected in the 
cable between the converter and receiver, and 
requires no other connections to either. 

Circuit Description 
The. blanker uses two 6AG5s as amplifiers at 

the converter output frequency, in this instance 
28 to 30 Mc. or 14 to 18 Mc. It could be any 
other converter i.f., with suitable modification 
of the tuned circuits. The 6AG5s were used main
ly because of their ready availability; other pen
todes such as the 6BH6, 6BA6, 6AK5 and the 
like should work equally well. The input circuit 
of the first stage is tapped to match the low
impeclance line from the converter. Single
tuned circuits are used. A gain control is con
nected in the cathode leads of both tubes, and 
maximum gain is limited by 150- and 100-ohm 
series resistors. 



Noise Blanker 

The output of the second stage is coupled into 
a pair of back-to-back diodes, CR1 and CR~. 
The first is an orclin:iry second-detector diocfe 
such as the 1N64 or 1N60, the other a selected 
computer diode such as the 1N920 or 1N3730. 
Output brought out tl1rough C 1 can be used to 
monitor visually the noise pulses which a.re being 
blanked. Witlt a high-gain audio system con
nected to C 1 all the signals in tlte bandwidth of 
the converter can be monitored. This is not 
practical for hearing weak signals, but it does 
provide continuous monitoring on a lightly 
occupied band. 

The i.f. output coupling for the following re
ceiver is merely the very small capacitance of n 
wire coni1ected to the center conductor of }q, 
and placed near tlte output coil, L3. No direct 
connection is made at this point. The stray ca
pacitive coupling should be adjusted so that the 
gain through the noise blnnker is the same as it 
was before the blanker was connected. 

A word of warning: this is a high-gain lightly 
loaded amplifier. The r 1. chokes decoupling the 
beaters and plate leads are essential if stable 
operation is to be obtained. Physical layout like 
the original is nlso necessary, unless the builder 
is experienced in such matters. 

Layout 
The noise blanker is built in a standard 2 by 

3 by 5-inch Minibox, with all r.f. components 
in a line down one side. The three coils are 2 

E XCEPT AS INDICATED, DECIMAL 

VALUES OF CAPACITA NCE ARC 
IN MICROF'ARAOS ( JJ f. lt OTHERS 
ARE IN PICOF•••os (pf.OR µµI.I: 
RESISTANCES ARE I N OHMS; 
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inches apart, and the sockets are centered be
tween them. The sockets are mounted so that 
the grid rind plate pins, l and 5 respectively 
are in a strnight line, and nearest to their re
spective coil te rminak 

A grounding lug is placed under each socket 
mounting nut. A wire is run from the one ad
jacent to Pin 7 across the socket to the center 
shield ring and then to Pin. 3. Disk ceramic ca
pacitors are connected with tl1e shortest possible 
leads in the following manner: Pin 2 to Pin 3, 
Pin 7 to ground, Pin 4 to adjacent ground lug, 
and Pin 6 to tltis same lug. The bypasses at the 
bottom of the coils L2 and La are also returned 
to these lugs, which are adjacent to the side of 
the unit. Spare lugs on the coil form for La are 
used for ticpoints, for the junction of tlte three 
dfodes and for tlte common point of CR3 and 
RFC~. 

Adjustment and Use 

After the wiring has been completed and 
checked for errors the tubes should be installed 
and the coils L , L2 and La adjusted to the 
desired intenne&ate frequency with a grid-dip 
meter. 

The unit should now be connected be
tween an operating converter and its i.f. re
ceiver. The noise level in the receiver should 
be adjusted by means of the stray coupling 
between L3 and ]2 , to be the same as before 
the blanker was installed. 

Flg, 4-48-Schematic diagram and parts information for tho noise blanker. 

Ci-lOOO·pf. feedthrough capacitor. L1- 28 Mc.: 10 turns N'o. 30 enamel, closewound on 
CR1-1N64, 1N60, or similar diode. ~·inch slug-tuned form, tapped al 3 turns. 
CR2- 1N920 or 1N3730 switching diode. 14 Mc.: JO turns No. 30 enamel, topped at 10. 
J1, J 2-BNC connector. J2 has extension wire to be ~-like L1, but no lap. 

trimmed in length and adjusted in position L3- 13 turns like L2• 
with respect to L8• See text. R1-5000·ohm miniature control 

J3-4·pin male power fitting. RFC1 through RFC3- 27-µh . r.f. choke. 
RFC4- 500·µh. r.f. choke. 
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The gafrl control in tl10 blanker is not for 
purposes of adjusting output level. Its function 
is to adjust the input to the blanking diodes for 
optimum efficiency. Normally it will be at or 
near full gain. While listening to the noise it 
should be possible to remove the input cable 
from tJ1e blanker and observe that the noise 
drops to approximately the same level that it 
would if tJ1c blanker was not tumed on. 

It should be possible with a converter con
nected and tJ1e blanker gain control tumed foll 
on, to peak up L 1, L2 and La for maximum 
noise wi thout any evidence of regeneration. The 
3-db. bandwidth of the blanking amplifier with 
the coils all peaked to the same frequency is ap
proximately Jz Mc. Operation over l~ Mc. or 
more can be obtained with the coils adjusted in 
this manner. In order to make the final adjust
ments on the blanker it is necessary to have a 
soun;e ol' noise and a method of switching a 
blanker in and out of the circuit. First, tune 
in a strong pulse-type signal such as radar or 
very strong automobile-ignition noise. With the 
blanker in the circuit. the power to the blanker 
should be turned off and the r.f. gain on the 
receiver opened wide. At this time there should 
be no noise coming from the converter. Turning 
the converter power on and off should make no 
change in the output noise of the receiver. 

Now the blanker should be turned back on 
and after warm-up the amount of noise reduc
tion should be observed. When the blanker is 
properly operating there should be no noise 
vuf.ses, regardless of their amplitude when tJ1e 
blanker is out. If the blanker provides a sub
stantial reduction in noise pulses, but does not 
completely eliminate them, it is not working 
properly. There arc only three reasons for this. 
The first is feedthrough around the blanker. 
The test for t:his was perforn1ed in a previous 
step and it is assumed that there was no foed
through. There may be insufficient gain in the 
two amplifying stages. If you are using a nor-
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Fig. 4-49-lnterior of the 
noi se blanker. The input and 
power connector fittings ore 
at the rig ht end in this view, 

ma! v.h.f. or u.h.f. converter having 25 to 30 
db. or more of gain, and tubes similar in charac
teristics to a 6AC5, the likelihood of low gain 
is quite small. The third :ind most likely reason 
for poor operation lies in the selection of ilie 
proper diodes for CR1 and CR2 . Some experi
mentation wilh the polarity of the diodes and 
tJ1e size of ilie diode load is usually required 
to obtain optimwn performance. The particular 
constan l~ given in the circuit were successful in 
three different models tested and no difficulty 
should be encountered in obtaining optimum 
operation. 

Results 
The performance of the noise blanker in on

tJ1e-air operation leaves little to be desired from 
the standpoint of external noise elimination in 
u.h.f. work. With or without noise, the 
insertion of the noise blanker in the circuit has 
no discernible effect oo the readability of a 
weak signal. In the presence of pulse-type noise 
the signaJ continues to be perfectJy readable 
and the noise is not evident at all in the output 
of tJ1e receiver. Radar pulses strong enough to 
draw grid current in the r.f. stage of the i.f. 
receiver are completely eliminated by the use 
of this blanker. However, like all good tJtings, 
there are some drawbacks to the use of a noise 
blanker. The worst of these is that a very strong 
local signal will overload the noise blanker and 
cross-modulate other signnls on the band. This 
is an inherent trait of noise-blanker circuits for 
which no solution has been found. In order to 
obtain sufficiently strong blanking pulses, high
gain alllplifiers are required ;111d high-gain am
pl ifiers necessarily overload. This disadvantage 
is far outweighed by the ability to copy weak 
signals in the presence of strong pulse-type 
interference. Even when the blanker is over
loaded, signals which could not be heard through 
radar interference without it are readable. 



Chapter 5 

V .H.F. Transmitter Design 
Before we discuss transmitting techniques for 

the amateur bands above 50 Mc. in detail it 
will be well for us to see what standards are 
set for us in the U.S. Regulations. The two num
bered paragraphs below are not exact quotes, 
but they summarize pertinent regulations. 

97.71-Amateur stations operating below 144 
}vie. must employ adequately filtered d.c. plate 
power for transmitting equipment, to minimize 
modulation from this source. 

97.73- Spurious radiations from an amateur 
station below 144 Mc. shall be reduced or elim
inated in accordance with good engineering 
practice .... In case of A3 emission, the trans
mitter shall not be moduJated to the extent that 
spurious radiation occurs, and in no case shall 
the carrier wave be modulated in excess of 100 
percent. ... Simultaneous amplitude and fre
quency modulation is not permitted .... The 
frequency of the emitted carrier wave shall be 
as constant as the state of the art permits. 

It will be seen that stability and quality re
quirements imposed on all lower amateur fre
quencies apply equally on the 50-Mc. band, but 
not to 144 Mc. and higher. Over-modulation, 
sideband splatter, llllstable carrier frequency, 

a.c. hum, and the like are illegal on 50 Mc., 
but not on 144, 220 or 420 Mc. F rom the stand
point of the law, there is a vast relaxation in the 
technical standards we must meet after we pass 
the 50-Mc. band on the way up through the 
spectrum. Leaking at the question from the 
amateur point of view, ]1owever, there is little 
or none. The desirability of radiating. the best 
signal that is tcclrnically feasible is the same 
throughout the v.h.f. region, if the user is inter
ested in worthwhile results, and in causing a 
minimum of trouble for his fellow users of the 
v.h.f. bands. 

It should be remembered that the use of un
stable equipment is legal above 144 Mc., so 
long as the radiation from the transmitter re
mains entirely within the assigned frequency 
band. There nre some circumstances where very 
simple and therefore unstable gear may serve 
usefol ends, and these will be touched on later 
in this book, but our main emphasis will be on 
transmitters that employ crystal control or its 
equivalent in stability and freedom from spuri
ous emissions. That such concern for clean sig
nals is required by law only on the 50-Mc. band 
will be largely ignored. 

TRANSMITTER DESIGN 
CONSIDERATIONS 

Our v.h.f. and u.h.f. assignments nre not 
in exact harmonic relationship, but they are 
close enough to lining up harmonically so that 
this factor influences the design of stabilized 
equipment for the bands from 50 to nt least 
1300 Mc. It is possible, for example, to build 
one good frequency-control unit that will serve 
for any combination of bands in this range. 
Whether this is a desirable approach for your 
set of circumstances is a decision that only you 
can make, but the possibility should not be 
ruled out in station planning. 

This basic unit could be an oscillator with a 
wide selection of crystals, or a well-designed 
and accurately calibrated v.f.o. or VXO. This 
would be followed by such frequency-multi
plier stages as may be required to give output 
on tl1e desired band or bands. A similar fre
quency-control device can also be used with 
heterodyning equipment to produce replicas of 
the original signal on t11e desired frequencies. 
\Ve will examine both approaches in some de
tail. 

The Oscillator-Multiplier 

frequency multipliers. The starting frequency 
is usually in the 8-Mc. range, though 6 Mc., 12 
Mc., and others may be used. Typically, a 50-
i'vlc. transmitter is controlled at 8.334 to 9 Mc., 
the frequency then being tripled to 25 to 27 
Mc., and doubled to 50 to 54 Mc. before ampli
fier stages build up the power level. A 144-Mc. 
transmitter may start at 8 to 8.222 l'vlc., which is 
then tripled, doubled and tripled to 144 to 148 
Mc. A 220-Mc. lineup would use 8.149 to 8.333 
tvlc., tripled three times to 220 to 225 l'vlc. The 
portions of the 420- and 1215-Mc. bands where 
stabilized equipment is usually employed are 
in third and ninth harmonic relation to tl1e low 
end of the 1.44-Mc. band. F rom these 6gUTes 
and from the chart, Fig. 5-1, it may be seen 
that coverage of 8 to 9 Mc. in the oscillator 
stage takes care of most of our requirements 
tluough 1300 Mc. 

Many other starting frequencies and orders 
of multiplication are usable. The oscillator
multiplier approach is convenient in multiband 
designs, and it is used almost entirely in equip
ment other than the single-sideband variety. 
One weak point is that any instability in the 

Most v.h.f. transmitters employ an oscillator controlling oscillator is multiplied: 6 times in 
on some lower frequency than that at which the the 50-Mc. example of the previous paragraph, 
station is to operate, followed by one or more 18 times for 144-tvlc. operation, 27 times for 220 
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Fig. 5-1 - 0ur bands above 50 Mc. are nearly harmonically related . The possibility of using a single frequency· 
control system for all bonds from 50 through 1300 Mc. is illustrated in thi s chort. The example is for oscillators 
in the B·Mc. region, but other freq uency ra nges such as 6 or 12 Mc. may be used. 

Mc., nnd so on. An oscillator that seems quite 
stable at 8 Mc. mny suffer from drift, hum mod
ulation, mechanical instability or frequency 
modulation to tho extent that the signal at 432 
Mc. may be unacceptable to the critical worker. 
This is particularly true of the conventional 
v.f.o. The crysta l oscillator is much superior for 
frequency control on 144 Mc. and higher bands. 

The possibility tbat harmonics other than the 
desired ones will appear in the output should 
be considered in designing a v.h.f. exciter. Such 
unwanted frequencies may be a source of inter
ference to TV, f.m. and other v.h.f. reception 
in tbe vicinity of the amateur station. T hey can 
be reduced or eliminated by taking suitable cir
cuit precautions, but their interference potential 
should not be ignored. 

The number of frequencies that could cause 
lTOuble can be reduced by using a high starting 
frequency in the v.h.f. exciter. A 24-Mc. oscil
lator instead of one at 6 or 8 Mc. eliminates 
most of the harmonics that are potential sources 
of TVI in the low TV channels. Starting at 48 
or 50 Mc. is still better. There are good reasons 
for using 6 or 8 Mc., however. A stable oscillator 
is much more readily buil t in this frequency 
range than for 24 Mc. or higher. Crystals for 6 
to 9 Mc. are inexpensive, reliable and easy to 
use, while those for 12 Mc. and higher cost 
more initially and require more care in applica
tion. V.h.f. crystals are used mainly where econ
omy in number of stages and over-all current 
draiJl is an important consideration. 

Heterodyning 

Any two frequencies may be fed into a mher 
stage to produce signals at the sum and differ
ence of the two. This process is inherent il1 tl1e 
superheterodyne receiver, but it was not widely 
used in transmitters until tl1e advent of single 
sideband. If hetcrodyning is done properly, the 

Fig. 5-2- Block diagram of a 
typical he terodyning process for 
producing $fable v.f.o.-conlrolled •ZM<. 

•ignals at 50 and 144 Mc. 

product is an exact replica of the original signal, 
with no more frequency instability than was 
present in the two components mixed. Hetero
dyning is thus a good way of obtaining variable 
frequency control, since it is relatively easy to 
build a variable oscillator for the h.f. range tlrnt 
is adequately stable at its fundamental frequency. 

The process is shown in block diagram form 
in Fig. 5-2. The control signal is generated at 
some frequency below about 10 Mc., 8 to 9 Mc. 
in this example. A 42-Mc. signal from a stable 
source beats with tbe control signal ¥i the mixer. 
Two main products, one at 34 to 33 Mc., and 
the other at 50 to 51 Mc., result. The unwanted 
dilTerence product is rejected by the filter, while 
the desired sum at 50 to 51 ;\fo. is passed on to 
succeeding amplifier stages. 

The v.h.f. man who works 50 i\k. and higher 
bands may employ heterodyning again to re
produce the 50-lvfc. signal on another band. In 
the ex<lmple the 50-Mc. signal is mixed with one 
at 94 or 95 l\ilc., to give coverage of the lower 
h11l£ of the 1'!4-Mc. band. Other crystals can be 
used in either crystal oscillator to extend the 
coverage to any one-megacycle segment desired. 

The chief problem in heterodyning is to pre
vent unwanted products from being radiated. 
In our example we use the sum of 42 and 8 to 9 
Mc., but tl1e di1ference is also produced. The 
selectivity of the tuned circuits may be sufficient 
to reject the unwanted product, but this should 
not be assumed. The output of any transmitter 
employing heterodyning should be checked 
carefully to be sure that frequencies other than 
the intended one are not beil1g raclfated. A 
mixer stage requires only a very small amount 
of energy on the mixing frequencies to produce 
output, so harmonics and other components of 
the signals being mixed may beat with each 
other and produce all manner of unwanted 
frequencies. Mixing at low level, careful exam-

144-1 45 OR 
145 •146 MC, 
TO AMPt.,.IFIER 

4 1 OR 
47.5 Mc. 



Crystal Oscillators 

ination of the spectrum for spurious products, 
and use of highly selective circuits for passing 
on the desired product and rejecting others are 
musts for the builder of a heterodyne exciter. 

Crystal Oscillators 

Quartz crystals of many kinds and cuts arc 
used for &equency control but all have one 
characteristic in common : when a vol tage is ap
plied across the crystal it is distorted mechani
cally. The converse is also true: mechanical 
distortion of the crystal develops a voltage 
across it. This is the basic piezoelectric effect, 
discovered many years ago and applied to crys
tal control of oscillators as for back as the 1920s. 

The greatly magnified edge views of crystal 
plates in Fig. 5-3 show, in s implir.ccl form, what 
happens to an oscillating crystal. The quiescent 
state is at the far left. T he next two sketches 
show the distortion at the posit ive and negative 
peaks of the oscillation cycle. The crysta l is a 
very l1igh-Q device. It will oscillnto on one fre
quency only, determined principally by the 
thickness of the crystal. (Tho thinner tho plate, 
the higher the frequency.) Connected properly 
in an oscillatory circuit, the crystal will control 
its frequency within very narrow limits. 

Crystals and circuits for their use in v.h.f. 
transmitters are of two principal types: funda
mental and overtone. It is important for the 
v.h. f. worker to understand the bnsic differ
ences between them. T he fundumentnl cryst::il, 
whose mode of operation hns just been de
scribed, Js usually supplied for frequenci es up 
to about 12 lVlc. Though fundamentnl crystals 
can be made for frequencies up to about 30 
Mc., they are very thin and difficult to handle 
and process above the nom1al commercial limit 
of 12 ~le. 

At higher frequencies it is customary to go to 
overtone oscillators. Almost any crystal can be 
made to oscillate on its third overtone, which is 
roughly three times the frequency for which the 
crystal was ground. In overtone operalion tl1e 
crystal in effect breaks up into an odcl num-

FUNDAMENTAL 
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ber of layers, as shown in the right half of Fig. 
5-3. The oscillation cycle is given in the two 
sketches at the right. Because of mechanical 
considerations, the overtone may not be an ex
act multiple of the fundamental frequency, 
tl1ough it is always close to it. Only the odd 
multiples arc available as overtones; there is no 
such thing as a second, fourth or sixth overtone. 

Overtone operation with crystals processed 
for fundamental service depends on several 
factors, principally the flatness of the crystal 
and the method of mounting in the holder. 
Because the layers for third-overtone oscilla
tion in an 8-.\lc. crystal are less than 0.004 
incl1 thick, and for higher-order overtones pro
gressively thinner, it can be seen that minor 
variations in Ratncss or surface imperfections 
quickly inhibit overtone oscillation. Crystals 
clamped between metal plates, as in the com
mon FT-243 holder, seldom work well above 
the third overtone. 

Crystals processed for overtone operation 
usually can be made to oscillate on higher-or
der overtones than the in tended frequency.1 
A crystal marked for 24 Mc., normally an 8-Mc. 
fundamental, will often work well on 40 Mc., 
56 Mc., or even 72 Mc. in suitable circuits. Un
less the purchaser specifies otherwise, crystal 
<.'Ompanies customarily supply third-overtone 
crystals for frequencies from about 12 to 54 
Mc., fifth-overtone for 54 to 70 Mc., and sev
enth-overtone for frequencies up to arom1d 100 
Mc. Overtone crystals for frequencies as high as 
150 Mc. can be made, but in amateur service 
frequencies above about 72 Mc. are seldom 
used for direct control. 

For best stability any crystal oscillator should 
be run at low power input, and this is increas
ingly important as one goes to higher frequen
cies. The crystal oscillator should always be re
garded as a device for controlling frequency, 
not as a source of r.f. power. Control of feed
back is also important. However control is 
achieved, feedback should be at a level that 
will allow the oscillator to start readily, but not 
enough to cause heating or frequency jumping. 

OVER TONE 

Fig. 5-3- Greatly magnified cdgo views of quartz crystals, showi ng the mecha nical distortion effect when 
voltage is applied across the crystal. At the loft ls a fundamental crystal, and at the right is anc oscillating on 
its third overtone. Frequency of oscillation depends on crystal thickness-tho th inner the crystal t he higher 
the frequency. 
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Fig. 5-4-Typicol crystal oscillotor circuits. The triode circuit, A, works with either fundamental or overtone 
crystals, up lo al leosl 54 Mc., though circuit Q is more critical for overtono operation. A comparable Iron· 
sistor circuit is shown at E. A popular pentode osc:illator-multiplior is shown at 8. Double-tuned coupling 
circuit helps to select the desired harmonic and reject others. Circuits C and D can be used to make funda
mental crystals oscillate on their third overtone, through control of feedback. Value of R, depends on the tube 
typo; 47,000 ohms to 100,000 ohms is common. C" should be the lowest usable va lue; about 2 pf. in 8, 
10 pf. in others. 

Crystal Oscillator Circuits 

An almost infinite variety of crystal oscilla
tor circuits may be employed in v.h.f. trans
mitters. Only a few will be described here, to 
demonstrate basic principles. These will satisfy 
most requirements, and though the literature 
contains special claims for innumerable varia
lions, proper adjustment and operating condi
tions are tJ1e principal factors in achieving the 
desired results. 

A simple triode oscillator useful for both fun
damental and overtone crystals is shovm in Fig. 
5-4A. Feedback in this circuit is through the 
tube capacitance. If a broadly resoMnt coil 
were substi tuted for the crysta~ the circuit 
would oscillate on a frequency dete1mined 
principally by the tuned circuit, L1 C1. With a 
fundamental crystal in place, the circuit may 
oscillate on the crystal frequency whether the 
tuned circui t is peaked or not, wiili output ris
ing sharply ns the circuit l1its resonance. With 
an overtone crystal it may be that oscillation 
will occur only when the plate circuit is reso
uant at the desired overtone frequency. 

Occasionally with overtone crystals, oscilla
tion occurs at the fundamental frequency of 
tJ1e crystal at any value of C1 except that which 
tunes L 1 to the crystal overtone frequency. 
With a 211-Mc. crystal it would then he pos
sible to hear an 8-Mc. signal until the circuit is 
resonated. Then the fundamental signal dis-

appears, aud the oscillator can be heard only on 
the overtone frequency, 24 Mc., or multiple 
thereof. l£ the overtone oscillator is working cor
rectly there will be no fundam ental signal. JI 
there is one, the plate circuit is not resonating at 
ilie overtone frequency, or its Q is too low to 
sustain overtone oscillation. A typical transistor 
overtone oscillator is shown at E. 

Circuit B is commonly used with funda
mental crystals in v.h.f. service, where har
monic output is desired \vith a minimum of 
stages. The control grid, catl10de and screen 
of a pcntodc or tetrode tube comprise the os
cillatory circui t'. The cathode is raised above 
ground for r.f. by the choke and capacitor 
combination, and feedback is controlled by the 
variable grid-cathode capacitor, C3. The plate 
circui t, L 1C 1, is tuned to the second, third or 
fourth harmonic of the crystal frequency; usu
ally U)c third. The circuit will oscillate at all 
times, regardless of the tuning of the plate cir
cuit, always on the funda mental frequency of 
the crystal. Output on the various harmonics 
(exact multiples of the crystal &equency) de
velops as the pla te circuit is tuned. If C1 is a 
wide-range varinblo it will be possible to tune 
adjacent harmonics. Examples would be 18 
and 2<! t-.iJc. with a 6-Mc. crystal, or 16 and 
211 Mc. with an 8-Mc. one. The most common 
use of this circuit in v.h.f. work is 'vith 8-Mc. 
crystals, with tho plate circuit tuning tbe 24-
to 27-Mc. range. 
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Fig. 5-5-Common frequency multiplier circuits. Simple triode, A, is popular, but provides little roiodion of 
unwanted harmonics. Daublc·tuned link-coupled circuit, as in grid of 8, is much better in this rospcd. Plate 
circuit moy be mode to cover both second a nd third harmonics by having wide range in the tun ing capacitor. 
Adjustable screen-voltage control, R9 in C, permits adjustment of drive to following stage. Serios-tuned 
plate ci rcuit, C, extends useful range~ Push-pull tripler, 0, is commonly used with dual tetrodes. 

Since there is alwnys oscillation on the fun
damental frequency with this circtiit, all har
monics appear in the output to some extent, 
and precautions must thus be taken to prevent 
unwanted harmonics from being passed on to 
succeeding amplifiers. Simple capacitive cou
pling, as shown in the circuits other than B, 
is bad in this respect, as only the selectivity 
of the tuned plate circuit is present to attenu
ate undesired frequency components. Co1lsid
erably more selectivity and good coupling ef
ficiency are available with tl1e double-tuned 
circuit in B. The coupling capacitor, C2, is 
very small; as little as 2 pf. Link coupling, usu
ally wiili one-turn loops around the bottom 
ends of L 1 and L,,, may be used in place of C2 . 

To make a fundamental crystal oscillate on an 
overtone, more feedback may be needed than is 
available in circuit A. The circuit of 4C is 
one of the more popular. Here the plate circujt, 
L1C1, tunes to tl1e desired overtone frequency, 
and the crystal is connected in a feedback loop 
that is inductively coupled to t11e plate cir
cuit. Feedback can be controlled by ilio num
ber of turns in L2, or by its position wiili respect 
to L1, or both. Any crystal that will oscillate 
on its fundamental should take off on at least 
the third overtone when used in this circuit. A 
lower value of L1 and careful adjustment of 
feedback, and a suitable modillcation of L1C1 
usually permit fifth-overtone oscillation as well. 

A capacitive feedback adjustment is shown in 
circuit D. The plate circuit tunes to the de
sired overtone frequency, and feedback is con
trolled by C3. Usually tl1is can be made a fixed 
capacitor, 50 pf. being customary for crystals 

in the 8-Mc. range. The lower the capacitance 
the greater the feedback. The circuits of Fig. 
5-4 are often used \vith dual triodes, or triode
pentode tubes, with the second tube section 
operating as a frequency multiplier. Thus 8-
Mc. crystals can be used with one dual tube to 
obtain output in the 48- to 54-Mc. range. 
Where stability and flexibility arc important, 
circuit B is preferred. The overtone circuits 
give better protection against interference aris
ing from unwanted harmonics, and are some
what more economical in number of parts re
quired. 

The transistor oscillator, E, may be used for 
fundamental or overtone service. Note that 
higher capacitance is used for a given frequen
cy, in the tuned circuit of a transistor oscillator. 
Value shown is for 40 to 60 Mc., usually with 
third-overtone crystals. 

Frequency Multipliers 

Frequency-multiplier stages in v.h.f. trans
mitters are similar to those in lower-frequency 
setups, except that more emphasis should be 
placed on keeping r.f. leads as short as possible. 
This is particularly important at 144 Mc. and 
higher. Tubes should preferably have low in
put and output capacitance, and high transcon
ductance. Stages should operate at the lowest 
usable power level, to minimize t11c interfer
ence potential of any unwanted harmonics 
they may generate or amplify. 

Typical circuits are shown in Fig. 5-5. In all 
of these the value of grid resistor, R1, depends 
on the type of tube and the driving power avail-
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able. Tn general, bias and drive should be as 
high as the grid dissipation of the tube will al
low, if high efficiency is desired. The grid re
sistor should be such that the tube will run no 
more than the normal grid current, regardless 
of d rive level. 

Circuits A and D can be set up to dou
ble or triple. If C,, is a wide-range variable (50 
pf. or more) the -value of L,, can be such that 
the stage will triple from 24-to 72 Mc. :it near 
minimum setting, and double to 48 to 54 Mc. 
with more capacitnnce in the circuit. This may 
be convenient in a combined 50- and 144-Mc. 
exciter, or in one where the stage will d rive 
triplers to 144 or 220 Mc. 

Circuit A uses capacitive coupling in and 
out. This is simple, but it does not offer much 
protection against unwanted harmonics from 
preceding stages. Double-tu ned inductively
coupled circuits, as shown in the input to cir
cuit B, are much superior in this respect. A 
similar output coupling arrangement 11u1y, of 
course, be used for better selectivity. 

The pl:ite circuit of C is helpful where it 
is difficult to resonate L .. with the single-ended 
circuits A and B, or -where inductive cou
pling is used between single-ended and push
pull stages. \'Vith no tuning capacitance in 
parallel with tho output capacitance of the 
tube, a huger coil is usable for a given fre
quency than is possible with parallel- tuned ci.r
cuits. This circuit works to best advantage 
when the value of L? is :idjusted so that c~ 
tunes :it :i setting roughly equal to the tube's 
output capacitance. This same approach is use
ful in tuning a grid circuit, and may be a ne
cessity to resonate a circui t on the higher bands, 
with a tube having input capacit:ince. 

The push-pull lripler circuit, D, is often 
used with dual tubes, both triodes and telrodes. 
It is an effective triplcr :ind has the advantage 
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of tending to cancel out even harmonics of the 
driving frequency. When used with loose in
ductive coupling between stages, a push-pull 
triplcr from 48 to 144 Mc. is good insurnnce 
against TVI in Channel 10, that can result from 
the fourth harmonics of 48 ~'le. being passed 
on to the following amplifier, :ilong with the 
desired third. 

' Vhcre tetrodes or pentodes are used for fre
quency multipliers, the screen resistor, R?. may 
be used to control the power level. This can be 
done by selecting a suitable value for R~, as in 
B and D, or by making R2 variable,- as in 
C. Such a variable screcn-volt:igc control is 
bandy in adjusting the drive level to a succeed
ing stage. A limiting resistor, Ra, should be used 
in series with R? to prevent the screen voltage 
from exceeding - the ma:-.imum rating for the 
tube concerned. 

The screen bypass capacitor, Ca in circuit 
B, can often be dispensed with in frequency 
multipliers. Jf the stage is stable without it, and 
it makes oo difference in the output obtain
able, there is no point in putting it in. A screen 
bypass is seldom needed in push-pull circuits 
in the v.h.f. range, as in circuit D. 

A means of measuring grid current is usually 
helpful in adjusting frequency mul tipliers. If 
a grid milliammeter is not to be connected in 
the circuit permanently, a low-value resistor 
may be inserted in series with the main grid 
resistor, and the meter temporarily connected 
across it. The feedthrough capacitor, C4 in cir
cuit D, is often a convenient w:iy of bringing 
a terminal to serve as a test point for reading 
grid current. 

In transistor multipliers it is very important to 
match impedances and to use as much selec
tivity as possible. Otherwise there may be trou
ble with unwanted harmonics, to a greater ex
tent than is normal with v:icuum tube circuits. 

POWER AMPLIFIERS 

Principles of transmitter operation a re essen
tially the same regardless of &equcncy. Since 
basic amplifier theory is covered adequately in 
the ARRL Ha11clbook, modes of operation and 
circuit design of power amplifiers wiJI be dis
cussed here only insofar as the special aspects 
of the v.h.f. field arc concerned. 

Most transmitting tubes presently used by 
amateurs will work on 50 Mc., and inclusion of 
this band iu a transmitter for lower frequencies 
is often practical. For 144 Mc. and higher, the 
tubes and other amplifier components must be 
selected for their v.hJ. qualities. Suitnble tubes 
have low input nnd output c:ip:icitaocc, and 
are constructed physicnlly so as to have the 
lowest possible lead inductance, both within the 
tube and in connection to tl1e circuit clements. 
Most of the higher-powered types a re designed 
for forced-air cooling. Some arc designed to 
be integral parts of coaxial tank circuits. Where 
conventional coil-and-capacitor circuits are 

used, they must include the absolute minimum 
of stray inductance and circuit capacitance. 
This rules out bandswitching in the usual sense, 
and even plug-in coils are seldom practical 
above the 50-Mc. band. 

Multiband operation is possible, even up 
tluough the 420-Mc. band, but special tech
niques arc required to achieve it. Thus, with 
certain exceptions to be described, v.h.f. power 
amplifiers are usually designed to do the best 
possible job on a single band. 

Linear or Class C? 

Most v.h.f. operators start with n sm:ill tr:ins
mitter, homebuilt or manufac tured, usually com
plete with power supply and modulator. When 
they want more power they look for another 
single package that can be connected to the 
first unit. Sud1 a device is called :i linear am
plifier. Adjusted properly, it will reproduce t11e 
original signal faitlifully at a higher power lev-
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el. When used with an a.m. phone transmitter, 
the linear amplifier is inherently n low-effi
ciency d evice, but it has its virtues, particuhtrly 
when other modes of operation arc planned. 

Various routes to increased power :ire shown 
in Fig. 5-6. Our basic transmitter, A, requires 
only the linear amplifier, D, to rnn up to full 
legal power of 1 ki lowatt. This can be a high
effieiency system on c.w., dcliverin{t up to 750 
watts output . As an a.m. phone linear, its maxi
mum power output is 350 watts. If the original 
transmitter includes provision for s.s.b., as well 
as c.w. and a.m., the linear becomes more at
tractive. Setup C can give full power on c.w. 
and s.s.b., and medium power on n.m., witl10ut 
auxiliary audio equipment. 

1\ilaximum power output on a.m. p hone re
quires a high-level modulator, as in D. A 
500-watt audio system, needed to modulate a 
kilowatt amplifier, is an expensive and bulky 
proposition, however, nnd with tho current 
trend to s.s.b. in amateur voice communication, 
more and more v.h.f. men arc thinking twice be
fore making the considernble investment in 
terms of money, space and weight tha t a kilo
watt a.m. phone slation entails. There will un
doubtedly be considerable use of a.m. iJ1 v.h.f. 
work for many years to come, despi te the in
roads of s.s.b., so the relative merits of linear 
and high-level modulated amplifiers deserve 
carefol thought. 

If one is to concentrate on a.m., to the ex
clusion of other modes, a plntc-modulated pow
er amplifier of no more than 200 to 500 watts 
may be desirable. The cost of both r.f. and audio 
components rises very rapidly above the 500-,vatt 
level, and it may well be that tl1e extra cost 
could be better spent in other ways. A final 
amplifier of under 500 watts input, properly 
modulated, may be a better choice than an a.m. 
linear that is capable of running a fuU kilo-
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watt. The former will be much easier to adjust 
and more flexible in operation, and it will de
liver about the same power to the antenna. For 
the all-mode operator, the linear appronch i s 
more attractive, since only minor modification of 
the operating conditions will permit high-effi
ciency operation on c.w. and s.s.b., while re
taining a.m. capability at a somewhat lower 
power level-all with a station tl1at can be 
built compactly and at a moderate cost for the 
high-power portions. 

A distinct advantage of the linear approach 
is the matter of driving power. Witl1 n Class 
AB1 linear (most commonly used with v.h.f. 
tetrodc.s) , no driving power is required; only 
voltage. Kilowatt amplifiers like the ones shown 
in Chapter 6 can deliver over 300 watts output 
with nothing more than a 1-watt a.m. ri~ as a 
driver. A little more drive will push tlle e.w. 
output to ns much as 600 watts. With n driver 
output of 7 to 10 watts, tho amplifiers will. g ive 
up to 750 watts Class C output on c.w., s.s.b. 
or f.rn. 

Operating conditions for linear service nre 
critical. The amplifier must be heavily load ed. 
If it uses tetrodes, the screen voltage, and pref
erably the bias as well, should be regulated. 
The drive level must be watched closely, to be 
certain that the amplifier is never driven into 
the grid-current region, if it is operated Class 
AB1 . An oscilloscope is practically a necessity, 
if true linear conditions are to be achieved and 
maintained. In aU these respects the linear is 
more demanding than Class-C c.w. or plnte
modulated a.n.l. service would be. For more ou 
linear-ampliner operation, see Chapter 6. 

Single-Ended, Parallel or Push-Pull? 

On lower bands, use of two or more tubes in 
parallel has become almost sta11dard practice. 
Often it is less e~'Pensive to use several small 

HIGH- POWER CW. 

Fig. 5-6-Some woys to in
creose power in o v.h.f. sta
tion. T ronsmi tter A is o typical 
packaged unit, complete with 
mod ulator a nd power supply. 
Adding a li near amplifier, B, 
con give up lo 300-wolls out
put an o.m. phone, or 750-
watts ou tput an c.w. The side
band exci ter, C, usually also 
makes provision for c.w. a nd 
o.m., so ii combines well with 
a linear amplifier for high 
power on s.s.b. or c.w., a nd 
medium power on a.m. phone. 
A small r.f. unit, D, Is used 
to drive a Closs·C amplifier 
for high-efficiency c.w. Ad
dition of a modulator is re
quired for high-efficiency 
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Fig. 5-7-looding effect of input and ou tput capacitances in single-ended circuits limits their use a l higher 
frequencies in the v.h.f. range. In the push-pull circuit, right, these strays and also the tuning copocitonces 
are in series ocrou the tuned circuits, permitting use of o given tube type al much higher frequenc.ies. 

tubes in parallel t11an one larger one of the 
same power capability. Parallel is preferred to 
push-pull i.n h.f. transmitters mainly because of 
i t.~ ready adaptability to bandswitchin)i. Where 
tube and stray circuit capacitnnccs do not rep
resent n large percentngc of 1·hc tcitnl, pnrnllel 
connection of tubes is cnti1·ely satisfactory. 

Looking at Fig. 5-7 A, we can sec readily 
why parallel operation is not practical for the 
higher v.h.f. bands. The tubes' input and out
put capacitances, Ci: and C11, shown in broken 
lines, are in parallel with the tun in~ capaci
tors, C 1 and C2, across the tuned circuits. Sup
pose we select a pair of good v.h.f. tubes like 
the 7034/4Xl50A. This tube's input capaci
tru1ce is 16 pf. Thus in circuit A we have 32 
pf., plus the minimum of C 1' plus unavoidable 
circuit capacitances, all in parallel across L1. 

Output capacitance is 4.<J pf., so tho plate cir
cuit has 8.8 pf. in C0 , plus the minimum of C2 
and circuit slray capacitance, across L.,. Obvi
ously it will not be possible to rcson;te con
ventional tuned grid and plate circuits at 144 
Mc. and higher, with tubes connected in par
a llel, even when they are types designed for 
v.h.f. service. 

In the push-pull circuit B, the input ca
pacitances are in series across the tuned circuit. 
So are the two halves of the split-stator tuning 
capacitor, C1 . The effective total capacitance 
across the tuned circuit will be about one 
fourth that of the parallel conncclion. The 
same is true in tlie plate circuit. It can be seen 
that our chances for reasonably good v.h.f. 
circuit efficiency are vastly bcllcr with push
pull t11an with parallel. 

With single-tube amplifiers the parallel ef
fect of t11e tube and circui t capacitance still 

prevails, but it is not nearly so bad as with two 
or more tubes in parallel. lvfost single-ended 
amplifiers for the higher bands employ tank 
circuits which permit direct connection to the 
tube element or socket tab, with no leads in the 
usual sense. Coaxial lines or flat-strip tank cir
cuits are preferred, especially for higher-power 
amplifiers. Even with the lowest possible capaci
tance, r.f. circulating current will run very high 
in a v.h.f. ampllller, so low d.c. and r.f. resist
ance is of utmost importance. Large conductors 
have the added advantage of helping to dissi
pate heat developed in the tube elements. 

Because of their compact construction and 
short leads, power transistors work well in ptiral
lel up tluough 150 Mc., at least. 

Pi-Network or Inductive Coupling? 

In recent years the pi~network tank circuit, 
Fig. 5-8A, has become popular for transmit
ter use, largely because of its adaptability to 
band-switching amplifiers. In single-band v.b.f. 
designs there may be little choice between it 
and the inductively coupled circuit, 5-8B. 
The output circuit of an amplifier has two basic 
functions: to tune the stage to the desired fre
quency, and to act as a matching device be
tween tlie stage's high output impedance nod 
the low-impedance load. In t11e pi-network the 
tuning and loading capacitors, C1 and C2 , serve 
these purposes. With inductively coupled cir
cuits, either the single-ended, 5-8B, or push
pull, 5-7B, the coil and the output coupling loop 
comprise the matching transformer. The two cir
cuits work equally well, and choice between 
them can be dictated by adaptability to the par
ticular amplifier being built. 

F~ ~-=::RF~~ c_fc, c2,f rh . c1 ~ 
+ + ~ 

(AJ (BJ 
Fig . 5·8- llasic functions of tuning a nd impedance matching ore performed equally well in the pi·network, 
A, and inductively coupled output circuit, B. Choice in single-bond v.h.f. amplifiers is mainly a matter of con· 
venienco in o particular design. 
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Fig. 5-9-Evolution of the tuned circuit in v.h.f. amplifiers. Conventional coil·ond-copocitor tuning, A, be
comes o quarter-wove line circuit in B. A half-wave circuit is shown a t C. Each has a progressively higher 
upper us efu l frequency limit for a givon type of tuba, whether single-ended or push-pull design, is used. 

Coils or Lines? 
On lower frequencies the fact thnt nny cn

pacitor has some inductnnce and nny coil some 
capacitance Cfll1 be neglected in onost circuit
design work, for these "strays" aro loo small to 
have any signillcant effect. At frequencies in 
the upper v.h.f. range they become nil-impor
tant. Connecting lends, which nt lower fre
quencies merely join coils and cnpacitors, may, 
in a v.h.f. circuit, have more inductance than 
the "coil" it5elf. Similarly, leads within tubes 
and sockets may become appreciable portions 
of a wnvclength. Unnvoidable capacitance in 
r.f. circuits also severely restricts the upper 
limit of frequency for satisfactory v.h.f. ampli
£icr performance. 

At 50 ~le. these factors arc not insurmount
able, if care is used in laying out amplifier 
stages. Single-ended or push-pull circuits such 
as Fig. 5-9A still work well if t11bes nnd 
components designed for v.h.f. service arc used. 
Conventional circuitry mny serve nt 144 and 
even 220 ~le. with suitable tubes, but in gen
eral the usefulness of coil-and-cnpacitor ci r
cuits is limited above 100 Mc. 

T ransmission-line adaptations of conventional 
tuned circui ts, 5-9B, extend the range and 
improve performance as we reach frequencies 
where we "run out of coil" with the circuits at 
the left. In the push-pull version, the induc
tance L 1 may take the form of a U-shaped 
loop, or it can be a pair of copper pipes, ls to 1 
inch or more in diameter, with an adjus table 
shorting device at tl1e end nway from the tubes 
to adjust the total inductance in the circuit. 
The single-ended version below it can be 
grounded at the left end, if a blocking capaci-

tor is used at the grid, and tl1e resistor R1 is 
connected from grid to ground. T he effective 
elech·ical length of L1 can be made variable by 
use of a sliding contact. 

Vlith either circuit of B the upper limit 
of frequency is reached when C1 is removed 
nnd the ground point is moved up to the grid 
terminal. In practice, the limit is reached when 
there is no longer enough exposed circuit to 
permit effective coupling. vVe then can go to 
the circuits of C. The r.f. grid voltage E

11
, 

is shown by the curve above each set of cir
cuits . In A and B the zero-voltage point is 
at the center tap orby passed end of L1, or at the 
left encl of the line. If minimum r.f. voltage occurs 
close to the tube, the line can be extended a 
quarter wavelength to the left, and the tuning 
capacitance connected across the left encl The 
whole circuit, including tube and tuning capaci
tance, now becomes an electrical half wavelength 
of line, loaded capacitively by the tube at one 
encl and cl at the other. 

The bias resistors R1 and ~ should be con
nected at the point of lowest r.f. voltage in C. 
T his can be determined by feeding r.f. power 
into the circuit and touching L1 with a lead 
pencil or insulated metal object, until the point 
is found where there is no reaction on the cir
cuit. 

The half-wave line circuit will extend tl1e 
useful frequency range weli above the maxi
mum obtainable with quarter-wave or coil-and
capacitor circuits. T hough a grid circuit is 
shown in the examples of Fig. 5-9, the princi
ple is equally applicable to plate circuits. The 
next steps after this, coaxial and cavity circuits, 
will be discussed in om u.h.f. chapter. 

Mox. 
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Multiband Amplifier Circuits 

Though conventional bandswitching nnd plug
in coil arrangements arc ineffective at 144 
Mc. and higher frequencies, it is possible to 
build multib:md tank circuits for v.h.f. trans
mitters. Simple adaptations of Lhc plug-in coil 
idNt arc shown in f ig. 5-lOA. Herc a 144-
Mc. circuit, L 11 is completed by plugging in a 
shorting bar at the encl of the line. To use the 
circuit on 50 Mc. or even lower frequencies, 
we plug in a suitable coil, L.'" This general 
idea was used effectively in the -plate circuit of 
a 4-65A amplifier for 28, 50 and 144 Mc. de
scribed some years ago in QST:! and the Hand
book.a 

A similar principle is applied to half-wave 
lines in B. Again the 144-Mc. half-wave line, 
LJ.> becomes merely the "leads" between the 
50-Mc. coil, L2 , and the tuning capacitor. 
n emembering that tho connection on a half
wave lino is mnclc at the point o.f lnwcst r.f. 
voltage, where it has no effect on the operation 
of the line, we realize that the 50-Mc. circuit 
of D can even be permanently connected. This 
has been done many times in both manufactured 
and home-built gear for 50 and 144 Mc., and 
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it can be adapted to line tank circuits for still 
higher frequencies. 

Some critical problems nrc involved in turn
ing this trick for 50 and 144 Mc., especially 
when both the grid and plate circuits of an nm
pliller are operated in this way. Because of the 
nearly third-harmonic relationship, considemhlc 
care must be exercised in proportioning the tank 
circuits to prevent radiation of energy on un
wanted frequencies, or oscillation trouble$ clue 
to llllwantecl resonances in the grid and plate 
circuits. An example of a design in which these 
potential troubles were avoided was shown in 
an arnplifler by W0IC in QST.4 

By thinking in terms of the job to be done, 
rather than of the way such tasks have been 
handled in the past, it is often possible to come 
up with solutions thnt arc unique to tho v.h.f. 
field. A grid circuit tuning both 144 and 220 
Mc. made possible an efficient transmitter for 
these hands, in which only the plate cin.;uit wns 
changed. A completely removable p late circuit 
also brought 432 i'vlc. in to the picture, permit
ting use of the stage as a doubler or tripler. This 
design by W l VLH nppenrs in Edition 1 of this 
Manual. 

(8) 

Fig. 5 -10-Simplo tricks for achi eving multiband capability in v.h.f. circuits. The 144-Mc. lino, LI' becomes 
merely a load or pair of leads when tho 50-Mc circuit, L2, is plugged in. Tho sockets ore shorted with a plug-In 
device In throe of the circuits. Those of 6 ore half-wave line ci rcuits for 144, with tho 50-Mc. coil plugged in 
at tho point of lowest r.f. voltage. 

USING FREQUENCY MODULATION 

Though it is almost standard for commercial 
mobile services in the v.h.f. range, frequency 
modulation has not been widely used by ama
teurs, mainly because of receiver problems dis
cussed in Chapter 3. In the transmitting side of 
the picture the advantages of f.m. arc mnny and 
impressive: 

1. E limination of high-level amplitude mod
ulation effects great savings in trnnsmittcr cost, 
size :wd weight. The modulation equipment 
for f.m. is the same regardless of transmitter 
power level. Frequency modulation can be add-

eel to a v.h.f. transmitter with very Little added 
expense or complication. 

2. TVI is greatly reduced with f.m. Audio
caused interference, which accounts for a high 
percentage of all our TVI and BCI trouble is 
practically eliminated. Particularly jn clcnscly
populated urban areas, f.m. often permits v.h.f. 
work during peak viewing hours, when operat
ing with a.m. would result in intolerable neigh
bor problems. 

3. Transmitter adjustment is greatly simpli-
6ed. Grid. drive level is important only as it 
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affects output. The f.m. trnns1nitter can h e run 
Class AB1 or AB2 with a very small exciter 
with only a slight reduction in efficiency from 
that obtainable with Class-C conditions requir
ing much more driver power. 

4. Peak voltage docs not change with modu
lation. Smaller components can be used tltan 
with a.m. of comparable power level. 

5. Reducing power is a simple matter with 
f.m. Much v.h.f. comm11nication can be done 
at low power levels, and FCC regulations re
quire use of only enough power to carry on 
satisfactory communication, but signi ficant pow
er reduction is not easy with plate-modulated 
a.m. transmitters. 

6. The varactor multiplier, now coming into 
more general use at 420 Mc. and higher fre
quencies, is ideal for use with f.m. transmitters. 

How Much Deviation? 

Choice of frequency deviation depends 
mainly on the receivers in use at stations we 
wish to work. In parts of bands where a.m. and 
s.s.b. are the principal voice modes we almost 
have to use narrow-band f.m., as most receiv
ers will be incapable of handling anything 
wider. Below 52.5 Mc., f.m. is restricted to the 
narrow-band variety by FCC Regulations, as 
well. 

Above 52.5 ~re. widc-bnnd f.m. is legal, but 
practical considerations will determine whether 
it is advisable or useful. In general, wide-band 
f.m. (any deviation beyond that capable of be
ing copied on a selective communications re
ceiver) should be used only in lesser-occupied 
segments of any band: above 52.5 Mc., 146 or 
221 Mc., and between 420 and 432 or 436 and 
450 Mc. Narrow-bnnd f. m. is accept.able wher
ever voice is used, since i t.~ bandwidth, by defi
nition, is no more than required for a propcrly
modulated a.m. signal. 

Deyond these considerat ions, deviation may 
have to be adjusted for the receiver at the other 
cod, almost on an individual basis, because of 
the considernblc variation in r eceiver selectiv
ity characteristics. foor more on tl1is, see Chapter 
3. To get the most out of f.m., regardless of 
tho bandwidth, it is important to maintain a 
high average deviation. This has the same ef
fect as high average modulation percentage 
with a.m.; the net result is n high audio level at 
the receiver, and best signnl-to-noise ratio. Some 
form of audio level control is thus a must for 
optimum results in trnnsmitting with f.m. 

Restricted frequency response in the speech 
equipment is also very helpful, since frequen
cies above 2500 or 3000 cycles contribute little 
or nothing to tho intelligibility of voice modu
latiol). Any unnecessary audio bandwidth re
sults only in unnecessary signal bandwidth, and 
sideband interference. Elimination of unneces
sary highs from the speech equipment response 
is particularly import11r1t with narrow-band f.m. 
in crowded voice bnnds. 
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Generating Frequency or Phase Modulation 

Narrow-band f.m. (or p.m.) is very easily 
produced when the order of frequency multi
plication is high. It is customary to operate the 
oscillator on 8 or 6 ~Cc., so the oscillntor fre
quency and deviation are multiplied 18 or 24 
times, respectively, to reach 144 ~le., 27 or 
36 times for 220 Mc., and 36 or 54 times for 
432 l\l!c. For satisfactory f.m. it is necessary, 
t11erefore, to swing the oscillator frequency only 
about 150, 100 or 50 cycles, respectively, for 
n.f.m. at 144, 220 or 432 Mc. This is readily 
done, even with crystal oscillators." At 50 Mc., 
with a multiplication of only 6 or 8 times, ade
quate deviation is somewhat more of a prob
lem, except with self-controlled oscillators. 

There are many ways to frequency- or phase
modulate a v.h.f. transmitter. With v.f.o. con
trol t he problem mny be to avoid modulating 
it too much! Probably the simplest f.m. system 
involves only swinging the plate voltage of a 
triode or the screen voltage of a pcntode a 
small amount. An example is shown in the VXO 
described early in Chapter 6. Enough devia
tion for good-quality n.f.m. is obtainnble in 
this way for 144 ~le. and higher bands, but 
it is marginal at 50 Mc. The same procedure 
v .. ;th any self-controlled oscillator will give 
plenty of d eviat ion for 50-Mc. work. lt should 
be used only with crystal control for nny higher 
band, unless exceptional stability precautions 
are taken. 

The variable-capacitance diode ( vnractor) 
makes possible a very simple and effective fre
quency modulator, as shown in foig. 5-.Ll. ' Vhen 
back-biased, the varactor has tho property of 
changing capacitance in relation to the voltage 
applied across it. The varactor may t hus be 
connected acro~s the tuned circuit of a variable 
oscillator, and audio voltage npplied to it will 
result in proportional changes in capaci tance 
across the circui t, and linear fre<1uency modu
lation. There is more on varactors in Chapter 10. 

T he circuit of Fig. 5-11 also works with 
crystal controlled oscillators, though shift ob
tainable is mainly phase- rather than fre
quency-modulation, because of the very high 
Q of the crysta l. T his necessitates some cutting 
of the speech highs, to give a Hat response at 

.. 
AUDIO ,.,_J 
INPUTI 

6C4 .,. 

fig. 5·11-The "simplest modula tor." A single tube 
connected as a cathode follower appl ies varying audio 
voltage lo a varactor diode, CR1, causing its capaci· 
lance to vary proportionately. This varying capacitance 
is across the tuned circuit or crysta l in an oscillator, 
resulting in frequency modulation. 
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f ig. 5-12- Reodonce modulator for f.m. O pcrotion is 
similar, in effect, lo the voroctor d evice of f ig. 5-11. 

the receiving end. E nough frequency sl1ift is 
possible with 8-Mc. crystals to provide narrow
hnnd f. m. at 144 Mc. and higher, but at 50 
Mc. a soU:-controlled oscitlator must be used for 
true f.rn. with this method. 

The reactance modula to r, Fig. 5-12, has been 
used fo r many years in f.m. work. Its net ef
fect is similar to that of the varactor modula
tor, and the same limitations apply. With either 
of these ci rcuits, any voltage change causes a 
frequency change, so the supply voltage should 
be regulated. It should also be very well-filtered, 
as any a.c. voltage will cause frequency modu
lation. Pnrticulnrly when the signal is received 
by slope detection, a.c. hum stands out to a very 
marked degree. The same hum level might b e 
almost inaudible when tn1e f.m. detection is 
used. 

Where these methods arc used for f.m. it is 
well to leave the modulator connected at all 
times, wil'h its heater and plate supply left on, 
whether f. m. is in use nt the moment or not. 
Jvlerely tu rn the audio gain down, to eliminate 
f.m. Removing plate vol tage, or turning off the 
healer of the rcactance modulator, will result 
in some frequency change. Where a deviation 
control is \1sed in the reiictnnce modulator grid 
circui t it should be isolated for d.c. by a cou
p ling capacitor, as shown in Fig. 5-12; other
wise chrmges in gain setting will cause fre
quency shifts. The two coupling ciipncitors ( 47 
pf. in Fig. 5-12 ) should be silver-mica or other 
good q uality, as :my capacitance change there 
will alfect frequency. 

Checking Deviation 

The usual methods for checking modulation 
do not apply with f.m. One nJvantage with 
f.m., however, is that the transmitter power level 
has no bearing on t he modulation quality, or 
on the audio level required. Thus it is possible 
to set up an f.m. system for the desired devia
tion without ever putting it on the air. You 
merely listen to the desired harmonic of the 
oseillnlor, nnd make the neeessnry adjustments 
as to audio level and deviation for the intended 
band width. So long a.~ the ha rmonic can be 
heard at t he final op erating frequency, the au
d io will sound exactly the same no matter how 
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many stages arc lumcd olf. Only a selective re
ceiver, and preferably an audio oscillator, are 
needed. 

W here the oscillator plate or screen is to be 
modulated, as in lhc VXO of Chapter 6, tem
porary p rovisiou C[tn be made to vary the d.c. 
voltage a small nmount each side of the center 
value. Listen to tho signal on the band where 
operation is intended , and note the frequency 
with normal screen voltage. Now vary the 
screen voltage in equal amounts above and 
below the center value. Check the frequency 
changes, either by direct dial rending, or by 
comparison of the beat note with the tone of 
a calibrated audio oscillator. [f 3000 cycles 
above ancl below tho center frequency can be 
reached with cqu:1l voltage change each way 
the modulation should be linear with voice. 
This assumes tltat the speech amplifier response 
is restricted to about 3000 cycles maximum, of 
course. 

With the rcactance-tubc modulator a simi
lar check can be mudo by applying an adjust
able d .c. voltage to tho modula tor grid and 
noting oscillator frequency change. With the 
va.ractor modulator the d.c. on the diode can be 
varied in the snmc way. 

Deviation can be checked with an audio tone 
and a selective receiver. With the receiver 
a.v.c. olf nnd the beat oscillator on, tune in 
the signal and adjust the b.f.o. for a conven
ient p itch. Now apply a 2500-cycle tone 
thr.ough the speech amp lillcr, ll1rning up the 
gain until a small amount of modulation is ob 
served . Using high selectivity, tune the receiver 
both sides of the signal frequency. T here will 
be sidebands 2500 cycles away from the car
rier on each side. At low audio input these will 
be the only ones a uclible. 

Now increase the gain or audio input, and 
tune about 10 kc. either side of the carrier. A 
second pair of sidebands at 5 kc. either .side 
will eventually appear. The audio level at 
which these become detectable is the maxi
mum that should be used . lf the signal is fre
quency-modulated only ( no p.m. ) the Unear
ity can be checked by listening to the carrier 
b eat note as the tt uclio level is raised . If there 
is a shiJt in average be:ll-note frequency before 
the second set of sidebands appears, they may 
be the resul t of modulator nonlineari ty, rather 
than excessive modulation. The modulator is 
incapable of shifting the frequency over a wide 
enough range if the center-frequency shift ap
pears before the second set of sidebands. 

T he transmitter output should be checked 
for evidence of amplitude modulation, espe
cially in the 50-/l lc. band, for simultaneous a.m. 
and f.m. is illegal in th is band. It is permissible 
on higher bnnds, but that docs not make it 
right to have it. Any movement of a plate, 
screen or grid meter in the r.f. s tages of the 
transmitter a~ the resul t of modulation is a sure 
sign of trnuble, as is any vestige of variation 
in transmitter outp ut under modulation. Both 
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are indications of modulator nonlinearity, and 
resultant widening of the channel occupied by 
the signal that serves no useful purpose. 

About Wide-Band F.M. 

Though we have been concerned mainly 
wit11 narrow-band f.m. thus far, most of what 
has been said applies to wide-band as well. 
For amateur purposes, we can define the latter 
as any f.m. with deviation wider than can be 
received intelligib ly on a receiver adjusted for 
the highest selectivity t11at will accept proper
ly-modulated a .m. signals. All wide-band f.m., 
whether the deviation is 15 kc., as in the out
moded commercial equipment now being put to 
use in amateur v.h.f. communication, 25 kc., as 
in TV sound channels, or 75 kc., as in f.m. 
broadcasting, will require special receiving 
equipment. vVide-bnnd f.rn. of whatever devi
ation has real merit, and is deserving of more 
attention from v.h.f. men than it h<ts received 
in the past . 

The six numbered advantages listed earli.cr 
for f.m. apply t:qunlly to wide or nanow de
viation. In addition, wide-hi1nd f.m. is adapt
able to quite simple transmitters , and it is capa
ble of signal quaUty and freedom from noise 
of all kinds that is unequnlled by other voice 
modes. Receiver considerations arc covered in 
Chapter 3. Let's look at the transmitter angles. 

First, there are the transmitters made obso
lete for their intended purpose by the narrower 
channels now imposed on commercial f.m . us
ers. There is nothing wrong with this gear for 
amateur communication, and its availability in 
large quantities at low cost has boosted ama
teur interest in wide-band f.m. greatly in re
cent years. 0 Little work is required to adapt 
this gear for amateur purposes, so it need not 
be discussed in detail here. 

The equipment is for three principal bands: 
30 to 50 r-.itc., 150 to 160 Mc. and 460 Mc. and 
higher. Both transmitter and receiver are crys
tal-controlled, so operation is necessarily on 
fixed channels. Conversion to amateur fre
quencies 52.5 to 54 Mc., the upper portion of 
the 144-Mc. band, or tho 420- l'vlc. band, con
sists ma inly of substi tution of suitable crystals, 
and retuning to the amateur band. The devia
tion is plus or minus 15 kc. 

'Wider devia:tions can be used to ad
vantage in amateLLr work, particularly on the 
higher bands where occupancy is relat ively 
low and suitable receiving equipment is avail
able. Most wide-band f.m . other than that with 
the Rxed-frequency gear mentioned above has 
used deviations roughly the same as in f.m. 
broadcasting : plus or minus 75 kc. The ease 
of adapting TV receiver sound i.f. systems to 
amateur needs also ra ises the possibility of us
ing 25-kc. deviation. Either 15- or 25-kc. devi
ation is practical with crystal control in the 220-
or 420-Mc. bands, but for 52.5 or 144 Mc. it is 
more readily achieved with self-controlled os-
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cillators. For wider deviation, as in f.m. brond
casting, tl1e self-controlled oscillator is almost 
a necessity below 420 Mc., except witl1 fair!}' 
complex equipment. 

Wide-band f.m. is very easily achieved with 
any v.h.f. transmitter that is v.f.o. controlled, 
using the methods already described. Stability 
requirements are not so severe as for n.f.m. 
Only reasonable precautions as to mechanical 
and electrical stability need be taken. Even 
very simple oscillator or oscillator-ampH6er 
transmitters can be pressed into service where 
the deviation is to be 75 kc. or more. The prin
cipal considerations in transmitter design are 
adequate power supply filtering, and some pro
vision for keeping tbe average deviation close 
to the maximum permissible for the receivers in 
use at the stations to be worked. 

Wide-Band F.M. with Simple Gear 

It was mentioned earlier that modulating the 
oscillator of a v.h.f. transmitter is a simple way 
of obtaining f.m . This principle can be applied 
to simple oscillator-type transmitters in which 
there is no frequency multiplication. The stabil
ity obtainable witl·1 such simple equipment is 
not sufficient for use in heavily-occupied bands, 
but it cotild very well serve for good work on 
220 or 420 Mc. 

Heceivers should have bandwidth like that 
of f .rn. broadcast receivers and i.f. systems: 150 
kc. Transmitter deviation of plus or minus 75 
kc. at 22.0 Mc. is obtained with something on the 
order of 8 to 10 percent modulation, applied to 
the oscillator. The oscillator can feed the an
tenna directly, or drive a following amplifier. 
The latter is prefen-ed from the standpoint of 
stability, but a simple oscillator rig can be made 
to sound better tJrnn you might think. Examples 
of the oscillator-amplifier approach, built and 
extensively demonstrated by WlCTW, were de
sclibed by him in QST 7. 

The author of this book demonstrated an 
even simpler arrangement for 420-Mc. work at 
many radio clubs and conventions years ago. A 
little 6J6 oscillator was modulated by a 6AQ5 
audio stage.8 With speech input held so low that 
the modulation percentage was only about ,5 
per cent, the signal could be received with 
q u.itc satisfacto1y quality with a simple tunable 
converter and an f .m. broadcast rece.iver. In 
bands where activity is presently .low, we could 
very well make use of such elementary gear 
for local communication today. The signals 
sound more like a buzz-saw tJrnn speech, when 
picked up on a selective communications re
ceiver, but with wideband f.rn. detection they 
can be above reproach. 'vVe have plenty of 
room for them above 220.5 Mc., nncl almost 
anywhere in our 420-Mc. bnnd. 

For those who want something better, wide
band f.m. can readily be applied to any v.h.f. 
or u.h.f. transmitter. It is so easy that tbere is 
almost no reason for not giving it a try. You 
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don't have to do it the simple way, but sim
plicity does work. With more advanced gear, 
where the oscillator is on a lower frequency, 

USING TRANSISTORS IN V.H.F. 
TRANSMITTERS 

Man)' inexpensive transistors work very well 
in low-powered v.h.f. transmitters. Overall effi
ciency and battery economy have made solid
stnte devices supreme in the field of lightweight 
portable transmitters. At power levels up to 
about one watt ou tput, operation from small dry 
bnltcrics is entirely practical. A 100-milliwatt 
station for 50 or 144 Mc. mny weigh as li ttle as 
two pounds, rendy to go on the air, nnd yet be 
capable of surprizing coverage if used with a 
good nntcn11a. 

Transistors arc taking over in mobile v.h.f. 
trn11smitters also, effecting grent bnttery econ
omy over tube-equipped gear. Maximum power 
presen tly obt:i inable from a 12-volt system with 
low-cost transistors is about two watts, but more 
is in prospect. At higher power levels the mo- · 
bile v.h.f. station may employ a solid-state ex
citer, with perhaps a single-tube amplifier. If the 
latter is the quick-heating type it may be prac
tical to nm considerable power in the mobile 
station when it is needed, and revert to the 
transistorized por tion when conditions make its 
low power usable. 

Where amplitude modulation is employed the 
transistors in the modulated stage shoulcl be 
capable of withstanding at lcftst fom times the 
supply voltage. W ith f.m. there is no comparable 
peak-vol tage problem. In small hand-carried 
portables it may be clesirnble to keep the bat
tery voltage to a maximum of 9, in order to use 
more of tJ1e popular low-cost transistors. 

An extraordinary "plus" witb transistors is 
tbeir ability to pcrfom1 well with declining bat
tery voltage. There being no cathode to be kept 
hot, tJ1c transistor continues to work nonnally 
after a battery voltage drop that would put a 
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the results are about the closest thing to "broad
cast quality" that can be found in amateur ra
dio today. 

vacuum tube transmitter out of business. If it is 
weU-designed tJ1c trnnsistor transmitter remains 
usable after as much as a 35 percent drop in 
voltage. lts output drops off, but signal quality 
remains essentially unimpaired. In the intermit
tent service that is characteristic of amateur 
v.h.f. operation the recuperative powers of the 
common dry batteries keep them usable for Jong 
periods. 11 

Amplitude mocluln tion of transistor amplifiers 
involves some s1><"ci11l problems. It is often neces
sary to modulate one or more stages preceding 
the final amplffier, lo develop satisfactory modu
lation percentuge and quality. In other condi
tions the output stage may have to be detuned 
slightly from the point nt which maximum out
put is obtained. Satisfactory amplitude modula
tion involves ma11y factors, and any a.rn. trans
mitter should be checked out carefully in its de
sign and adjustment phases. 

The low impedance.~ encountered with bi
polar transistors c:11l for much lower L / C ratios 
tban arc normal for tubes. The base and emitter 
usuaUy operate al very low impedance, and cus
tomarily arc tapped down on their associated 
tuned circttils. This is important in the design of 
interst:igc coupling circuits, if selectivity is to be 
retained and the nmpliflcation of unwanted fre
quencies is to be pn:ventcd. 

The new nmatcur who is "brought up on" 
transistors will not think anything of the differ
ences between solid-state and vacuum tube 
teclmology, but the tube-oriented old-timer may 
experience some difficul ty in making the conver
sion. The author, who had to make this transi
tion, found il helpful to keep in mind the simi
larities and differences between the tube and 
the transistor, when designing, building and 
trouble-shooting transistor equipment. 
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Chapter 6 

V.H.F. Transmitters and Exciters 
As was done with the subject of receiving in 

two previous chapters, we arc covering trans
mitter design, acljushnent and operation in de
tail in one chapter, and practical examples in 
another. Jn the descriptive items to follow, ex
planatory material and adjustment procedure 
will be held to the minjmum necessary for ade
quate coverage of each unit described. The 
reader is urged to examine Chapter 5 thorough
ly before embarking on the construction of 
equipment lhat follows. 

This section will deal mainly with the r.£. 
portions of transmitters. Some items arc coordi
nated in design with units that appear elsewhere 
in the book, nncl where this is the case the com-

VARIABLE FREQUENCY CONTROL 

l'lfost of the transmitters in this book are sbown 
with crystal control. There is good reason for 
this. Though being able to move around at \\ill 
is becoming almost ns important in v.h.f. work 
as on lower bands, the fact remains that many 
variable frequency-control systems prcscnlly in 
use above 50 l\lc. are far from satisfactory. 
In the case of 50-Mc. operation, some arc down
right illegal. From 144 l'llc. up we nrc not re
quired by lnw to transmit stable signals, but self 
respect and consideration for others d ictate that 
we keep our signals above reproach, regardless 
of frequency. 

This is not easy when continuously variable 
frequency control is used, especially at 144 l'lfc. 

paruon items will be pointed out. Power supplies 
and modulation equipment arc seldom includ
ed, as these usually follow practice that changes 
only slightly over periods of many years. The 
reader is referred to appropriate sections of the 
ARRL Handbook for detai ls of accessories that 
are needed in these fields. 

Some equipment for the 420-l'llc. band wilJ be 
found herein, despite the designation of 30 to 
300 Mc. semantically ns "v.h.f." Where the de
sign techruques involved arc truly u.h.f. in na
ture, items for the 420-Mc. band will be found 
in the chapter dealing with u.h.f. and micro
waves, later in the book. 

and higher. A v.f.o. that sounds good enough 
in the 8-~lc. region may be only fair at its 6th 
harmomc in the 50-~ l c. band. At the 18th har
monjc, 144 Mc., it very likely will be unaccept
able to the critical car. By the time we multiply 
54 time.~. to 432 !'. le., even average crystal con
trol is not good enouS(h for narrow-band work. 

There are two solutions: hetcrodyning, which 
duplicates the fundnm ental-frcquency stability 
on a higher frequency, nnd very special atten
tion to the stabili ty problem in oscillators that 
are to be followed by one or more frequency 
multipliers. An c.xamplc of the latter approach 
is detailed below. 

A VXO FOR 50 THROUGH 450 MC. 

Crystnl control has many advantages. By the 
very nature of the quartz crystal, the frequency 
of a crysta l oscillator is maintained very close to 
the desired spot. The effects of heating (ex
pansion nnd contmction of tube and circuit cle
ments), meclrnnicnl vibration and variat ions in 
heater and plate suppl)' voltages are greatly 
reduced, in comparison with these effects in any 
self-controlled oscillator. But even with crystal 
control, the fundamental requirements must be 
met if we are to have highly stahlc control of 
frequency. These become more stringent as the 
order of frequency multiplication is increased. 

It is possible to "pull" the frequency of a 
crystal oscillator a small amount in several ways. 
A mechanical method is clescribed in Chapter 
13, but it is adapted to use only with pressure
mountcd crystnb. Controlled voltngo vnriation 
causes sonw shift, but is usually nssocintccl with 
large changes in output. Adding capacitance 
across the crystal works well with some crystals, 
and the swini.: wit·h a given nmount of capacity 
change cnn be increased by adding inductance 
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in sedes with the crystal. The frequency change 
\vith these mctl1ods (as with any other) is lim
ited by the amount of instabllity you are willing 
to accept. 

The variable crystal oscillator ( VXO) shown 
in Figs. 6-1 through 6-4 allows the operator a 
choice of variable capacitance nlone, or in con
jtmction with a series coil. Furthennore, the 
amount of inductance in series with the crystal, 
and consequently the f rcqucncy shjft obtained 
by rotating the variable capacitor, can be ad
justed to suit the builder's desires. Since temper
ature variation is the principal cause of drik in 
crystal oscillators, thi~ one is run at low input, 
and drift is held to a very small amount, even 
from a cold start. The oscillntor runs continuous
ly, so there is no heating r111d cooling cycle ef
fect in 1ra.nsmitting. 

' ·Vith jus t variahle cnpacitnnce (no series coil ) 
the maximum usable swin~ is rnughly 750 cycles 
for each megacycle of t·rystnl fundamental 
frequency. A 6-l'v1c. crystal moves about 4 kc.; an 
8-l'vlc. one about 6 kc., for crystals in the small 
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metal hermetically-scaled holders. FT-243s and 
other pressure-mounted crystals having high 
holder capacitance may swing quite a bit less. 
There is a certain total capacitance at which 
each crystal goes out of oscillation, and it varies 
markedly from one to another, depending on 
crystal activity and mounting methods. 

The 6000-kc. crystal shown plugged into the 
VXO in Fig. 6-1 covers 432.24 to 432.0 }.Jc. 
and 144.08 to 144.0, without use of the series 
coil. This gives all the coverage usually needed 
for weak-signal c .w. work in these two bands, 
but it goes lower than 6000 kc., and if it had 
been ordered for a shade higher f:requcnc)' it 
would have been more useful for 144-~lc. serv
ice. About 6001 or 6002 would have been ideal. 
Available swing is partly on the low side of the 
marked frequency. 

With the series coil , L 1 in Fig. 6-2, about 
three times as much vnriation is possible without 
serious degrading of the stability. This means 
100 kc. per crystal at 50 Mc. and 300 kc. at 144, 
·with average 6-Mc. crystals. 8-Mc. crystals do 
about as well. Rubbcriness varies considerably 
when tho series coil is used, as without it. One 
ordinary FT-243 8.3-Mc. crystal tested will 
swing from 50.34 down to almost the low end 
of the band before it becomes too unstable or 
drops out of oscillation, but this is exceptional. 
The need for variable control is confined mainly 
to the low part of the hand, and three or four 
crystals will do tbe job for most 6-meter men. 
Random spots higher in the band need not be 
swingers, ordinarily. 

On two meters, precise control at the low end, 
and in the region just above 145 l\lc. , is nice, but 
other segments arc well served with fixed or 
small-swing frequencies. Operation on 220 and 
420 is almost always channeled to one narrow 
segment of the band, easily handled with one 
crrstaJ for each, even when the high-stability 
circuit is used, as it should be, for best results 
on the two higher bands. 
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fig . ~-1-A VXO especially for 
v.b.f. men. Calibrafion on the 
front panel is for a favorite 
crystal uied lar c.w. warlt an 
144 and 432 Mc. Cr'/Oal sa<:k· 
els at the lowef left are 
mounted on insulating mo· 
teriol, fo redoca circuit copo· 
citance ta lhe lowe.r ptiuible 
value. Freqvency voriotion· 
per crystal depends on wh1ch 
socket ls u·sed. Pointer kn6lis 
ore for the ·oofpuf plate cir· 
cuit and tl\e s.potting and 
power switches, 

Thd vernier dial is a 
l'lotibnal l~pe AM. 

Circuit Details 
The oscillator, V v is a 6AK5, but almost 

any small receiving r.f. pontode will do. The 
frequency is pulled by the split-stator capacitor, 
C1, connected between plate and screen. The 
oscillator plate voltage is regulated 150. Input 
is held to about 3 ma., combined plate and 
screen, so this oscillator is not going to move 
much unless you move it with C 1 • An r.f. choke 
is used in the plate circuit, instead of a reso
nant coil, as tuniug here would tend to pull the 
frequency. 

To build up the very-low oscillator output to 
a usable level, and to provide isolation, a bulfer 
amplifier follows, using the pentode section of a 
6U8, V ~A. This tube was selected because it has 
the lowest grid-plate capacitance of any dual 
tube of the pentode-triode clnss. The tr.iodc por
tion V., 111 is a multiplier, the output frequency 
dcpentTing on the crystnls used. Provision is 
made for covering 12 to 26 Mc. with C~L3• The 
plate circuit of the pentodc amplifier is broadly 
tuned, and an intermediate setting of the slug 
in L2 can be found thnt will permit uso of either 
6- or 8-Mc. crystals in tho oscillator. The plate 
circuit of the multiplier may then be tuned to 
the second, third or fourth ham1onic of 6 lvfc., 
or to the second or third of 8 Mc. Which output 
frequency you use may depend on the type of 
circuit into which the VXO works. More on this 
later. 

Construction 
Mechanical layout of the oscillator portion 

was dictated by the need to keep circuit capaci
tance to a minimw11. The lower the total capaci
tance in the circuit, lbc higher the frequ ency will 
go with C 1 at minimum, and the wider swing 
you'll achieve per crys tal. This rules out crystal 
switching, though if convenience outranks crystal 
economy in your objectives, switching can be 
used. Crystal sockets arc mounted on a Plexiglas 
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osc. 
6AK5 

CLASS A AMP. MULTIPLIER 
6U8 

J, 

Fig. 6-2-Schematic diagram and parts information for the VXO and power supply. Unless spcc.ified, resistors 
ore 'h watt. Decimal values of capacitance ore in µ f .; others in pf. Capacitors with polarity marked ore elec
trolytic. Terminal strips J~ and )7 may be omitted and connections made diredly where the power supply is 

built i~. Pin 4 of J7 permits use of the supply for other purposes. 

C,-lOO·pf. per-section split·slotor varioble (Hammar
lund HFl 00-0). 

C21 C0-50-pf. miniature variable (Hammarlund HF·SO). 
Higher maximum capacitance (HF-100) may be 
used. Grounded-rotor type preferred. 

J1-Crystol socket for 0.05·inch pins, spoced 0.487 inch. 
J0, J0- Crystal socket far 0.095-inch pins, spaced 0.487 

inch. 
J,- 2-terminal barrier strip. Omit if f.m. is not to be 

used. Remove jumpor when f.m. is connected. 
J0- Coaxial receptacle. 
J,- 3-terminal barrier strip. 
J7-4-terminal barrier strip. 
L,-16-24-µ h., iron slug, ceramic farm (Miller 4507). 
l 2- 24-35-µh., iron slug, ceramic form (Miller 4508). 

insert in the front panel, instead of directly on 
the metal. The tutling capacitor is shimmed up 
an extra quarter inch abovo the chassis, to hold 
down its minimum capacitance, and r .f. leads 
through the chassis h:we half-inch clearance 
holes. Any one of these steps yields li ttle, but 
combined they net qui te n few more kilocycles 
coverage nt 432 ~le. This dividend is at the low
C end of the range of C1, where oscillator sta
bility is n t its best. 

Three crystal sockets, l , 12 a11d J3 , are wired 
so thnt n crystal may be p\ugged into the circuit 
either with or without the series coil. Two differ
ent types of sockets in pnrallel, 11 and J~, permit 
small-pin or large-pin crystals to be plugged into 
the high-stability low-swing portion of the cir
cuit. Use a wider variety of sockets if your crystal 
stock requires it, though cnch one adds a little 
capacitance. 

L3-3.5 µh., 21 turns No. 24 tinned, 'h·inch diam., 32 
t.p.i. 

L,-3 turns like l., spaced 1 turn from it. Mako both from 
single piece of B&W Minidudor No. 3004. 

L.-Same os l ., but lopped ot 3 turns. Coox from l 0 to 
P, may be any convenient length. 

P1-300-ohm lino plug. 
P,-Coaxial cable filling. 
RFC1-750-µh . r.f. chako. 
RFC2- 1.0 mh. r.f. choke. 
S1- S.p.s.t. switch. 
S0-S.p.s.t. switch. (Soe text). 
T,-Power transformer capable of delivering 200 to 250 

volts d.c. ot 50 mo. through filtor, 6.3 volts o.c. 
of 1 amp. and 5 volts a.c. at 3 amp. 

Any crystal you plug into this circuit will 
oscillate on its fond nmental, including those in
tended for overtone operation. Most crystals 
above 12 Mc. arc overtone types, the third over
tone being used up to about 54 Mc. A crystal 
marked for 24 Mc. will oscillate near 8 ~le., but 
not necessarily at exactly one-third the marked 
frequency. If )•ou'rc ordering crystals especially 
for th.is purpose, we recommend 6 to 6.5 Mc., 
which will cover 50 to 52 ?vlc., 144 to 148, 220 to 
225 and 432 to 450 Mc. Tbe output frcque11cy 
would then be, preferably, 12 to 13 ~<le., ns this 
will allow the crystal oscillator stage of most 
v.h.f. transmitters to work as a frequency multi
plier when driven by the VXO. Use of 8-Mc. 
crystals and 24-Mc. VXO output is usually satis
factory where tJ1c first stage in the transmitter 
proper is a penlodc, but triodes may self-oscil
late, unless operated as multipliers. 
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Fig. 6·3-lnterior view of the 
VXO. The oscillator tube is al 
the right. The power supply, 
shown here as a separate os· 
sembly, could be bui lt on the 
some chassis with the r.f. cir
cuits, if the constructor wishes. 

Coupling to the Transmitter 

The coupling system shown in Figs. 6-5 and 
6-6 is not the simplest way of hooking the VXO 
to a transmitter, but it has certain advantages. 
Low-impedance coupling tem1inatcd in the 
tuned circuit, Lr,C3, pennits use of any conven
ient separation between the VXO and the trans
mitter. R.f. from the plug, P1 , can be fed into 
tl1e transmitter in several ways. Some eJqJeri
menting may be needed with your setup, but 
typical circuits are shown in Fig. 6-6. 

Triode Ouert·o11e Oscillators. Don't try to plug 
directly into the crystal socket without modify
ing the circuit. l\founting an extra socket, 12 in 
F ig. 6-6A, allows you to return to direct crystal 
control at will, yet gives optimum transfer of 
power from tlic VXO. Remove the regular crys
tal from ] 1 when the VXO is used, of course. 
With the capacitive feedback circuit, Fig. 6-GB, 
the 50-pf. capacitor should be shorted out, and 
the VXO output fed to 11• 
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Pentacle Oscillntors. The pentode crystal oscil
lator circuit used in many v.h.f. transmitters 
should have its cathode r.f. choke shorted by 
means of a switch. So should the 6CX8 pentode 
osci llator used in the b·ansmitters that follow, 
and the similar circuits in the ARRL Ha.11dbook. 
Plugging into tlle crystal socket may work with 
such circuits, but more reliable operation is like
ly when the cathode is grounded for r.f., as with 
S1 in Fig. 6-GC. 

Another possibility in worldng into an existing 
transmitter is to disable the transmitter crystal 
oscilhttor, and couple into the grid of the second 
stage from the VXO. Opening the screen or 
B-plus lead of the first stage, as is done with S.-, 
in F ig. 6-6C, is handy for tl1is, and a crystal sock: 
et may be connected to the grid of the second 
stage, as shown by Jo in Fig. 6-6C. Here again, 
reversion to standard-crystal control is easy. 

Simplification is possible when the VXO is 
hLLilt directly into a transmitter designed for it. 
Herc, the output of the isolation amplifier will be 

Fig. 6-4-Bot
tom of the 
VXO. The oscil
lator compo
nents ore al 
the right, the 
amplifier and 
multi p lier 
stages near the 
center, ond 
power supply 

a t the left. 
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Fig. 6-5- Coupling ossernbly to bo used for plug· 
ging into the excilor driven by the VXO. Com
ponent ore lo, c,, ond P,, or Fig. 6-2. The tuned 
circuit covers 12 to 26 Mc. A larger varioble 
capocilor moy bo used to moke the volue of 

l 0 less critical, if desired . 

sufficient to drive a frequency multiplier to 24 
}.fc., so one stage is saved compared with the 
system wherein the VXO is used to work into 
the crystal oscillator stage of a transmitter de
signed for 6-, 8- or 24-Mc. crystals. Dut don't 
skip the buffer amplifier; its functions are vital. 

Operation 
For maximum stability, particularly in 432-Mc 

c.w. work, it is well to leave the VXO on con
tinuously during an operating pcr:iod, and pre
ferably wa1m it up a few minutes before going 
on the air. This way there is almost no frequency 
change, except those delibcrntely made by mov
ing C1. 

Refinements in the spoltiJlg technique can be 
made to suit the operator's preference, tbougl1 
the circuit is useful as shown. "With power ap
plied to the amplifier :md multiplier through s9, 
the signal is just plainly audible on 432 Mc~, 
when the heaters arc on in the rest of the trans-

+ 

J, 

(A) Jw"f<!rltere 
(B) 
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mitter. It is stronger progressively on each low
er band, but tl1e signal from tl1e osci]Jator alone 
is inaudible, even on 50 Mc. If you make a prac
tice of zeroing the other fellow's frequency most 
of the time you may want to install a small re
lay, actuated by your main transmitter control, 
in parallel with S?. Then leave tho switch in the 
open position nonnnlly, closing it only for spot
ting purposes. A spring-return substitute for S2 
may be desirable in this case. 

The series coil, L1, is adjusted by the core 
stud seen on the front llanel, just to the right 
of the crystal sockets. Moving the core into the 
coil raises its inductance and increases the swing 
per crystal. Some practice with various crystals 
will be needed before you know just what to 
expect from each ono. Tho con comes into play 
only when the crystal is plugged into J~ . Insta
bility increases with inductance, and also with 
increasing capacitance in C . Listen to the note 
critically, and check for me~anical effects when 
the unit is jarred. Don't push your luck, or ex
pect to swish all over tl1e band with one crystal, 
even though you'll flnd one now and then that 
will make this possible. A movement of 100 kc. 
at 50 Mc. or 300 kc. at 144 should be possible 
with most crystals before the instability ap
proaches that of even a good v.f.o. 

Generating F.M. 
Frequency modulation of the variable oscilla

tor is easily done. A small audio voltage inserted 
a t J-l will give good-quality f.m. on 144 Mc. and 
higher, even with the high-stability oscillator ar
rangement. For 50-Mc. work it may be necessary 
to use the series-coil circuit to get enough devia
tion for good audio recovery at the receiving 
end. All tl1at is needed is a microphone trans
former, a flashlight cell and n carbon micro
phone. Remove ilie jumper shown across ]1 in 
Fig. 6-2, of course. 

A topnotcl1 f.m. signal can bo generated with 
a very simple audio nmpli1ler having a limiter, 
and a good microphone. Swinging the frequency 
with a varactor diode across C' offers interesting 
possibilities. If f.m. is not to )C used, omit 14, 

RFC.,, and the 4700-ohm resistor, and connect 
Pin 6-to the 150K dTopping resistor. 

J, 

C' 

+ 
Fig. 6-6- Modificolions or various crystal osci llator ci rcuits for VXO drive. 11 is tho origina l crysta l socket. 
12 , where required, is on odditionol socket, for VXO input. A ond B ore typical triode overtone oscillators. 
C is a popular pcntode oscillolor. Two options ore shown for C. To convert the oscillolor to o multiplior 
stoge, close S, ond S, ond feed drive into J, . The oscillator moy be disabled by opening S,, in which cose 

drive is fed to 12• 
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TRANSISTOR V.F.O. FOR THE V.H.F. BANDS 

Fig. 6·7- Transislor v.f.o . for v.h.f. use. Tuning range 
is abou t 8 to 8.42 Mc., cu described. 

One source or hum in variable-frequency os
cillators ltSing vacuum tubes is the a.c. voltage 
used on the heater of the oscillator tube. Another 
is inadequate filtering of the oscillator plate sup
ply. By using a transistor oscillator, these two 
factors can Le eliminated, as the transistor mns 
entirely on d.c. Some other instability problems 
are more readily solved with transistors as well. 
U a battery i~ used for u power source, changes 
in frequency due to vol tage fluctuation are nil. 
Drift cycles resulting from alternate heating and 
cooling of the oscillntor cnn he virtually elimi
nated in a good tl':msistor v.f.o. design. 

This is not to say tha t the transistor is a cure
all for v.f.o. trouhlcs, hut wit·h proper attention 
to basic principles of oscill11tor design, it is pos
sible to mukc n reasonably good v.f.o. with 
transistors, at modcrnte cost. By using an etched 
circuit bonrd to mount and wire the oscillator 
components, most of the sources of mechanical 
instability arc tnkcn care of. The oscillator 
should operate nt 1·lie lowest practical power in
put, to prevent l1 c•a t cycling, nnd the oscillator 
shoLLld be isolated from the res t of the transmit
ter with at least one buffer stage. 

These points were considered in the design of 
the v.f.o. unit shown in rig. 6-7. Its transistor 
oscillator tunes 8.0 to nbout 8.42 !\le., or enough 
to cover thr entire 1'14- and 220-~lc. bands, and 
the 50-l\lc. band from the low end to about 50.5 
l\lc. !\lore coverage can be included with a larger 
capacitor for C •. The oscillator input is less than 
40 milliwntts, so tl1cre is little heating and warm
up drift. What there is can be corrected by ad
justing the temperature-compensating paddcr 
across the tuned circuit. A buffer-amplifier pro
vides some isolation, and builds up the output 
up to permit operation with most v.h.f. trans
mitters having crystnl-rontrollc.'<.I oscillators that 
mul tiply into the 24-to-25-Mc. range. 

Construction 

The v.f.o. is built in a box 3 inches square and 
5~ inches long. This was made to fit the job, and 
is not difficult to duplicate, but standard cases of 
something like this shape and size could be sub
stituted, as there is nothing sacred about the lay
out. Tuning is by means of a small imported 
vernier dial, the knob of which was replaced 
with a larger one, in the interest of smooth con
trol. The front panel is 3~ by 31.: inches in size, 
fastened to the case with bolt~ passing through 
l}ia-inch metal sleeves. These we re filed down 
from their original %-inch length . 

All oscillator component:.~ except the tuning 
capacitor, C,,, are mounted on a mu!Upurpose 
circuit board designed for service in ARRL proj
ects where l1mnble oscillators arc required. A 
layout is g iven in Fig. 6-11, if you wnnt to make 
your own. If not, duplicates can be p urchased. 0 

The drawing and photographs should mnke clear 
where tl1c various parts arc mounted. 

The amplifier stage is at the back of the chns
sis. The transistor is mounted on three small 
feed -through bushings (Johnson Rib-Loe). 
These stay in place when pressed into a 0.136-
inch hole. Two other Hib-Loc terminals provide 
for the conneclion of the power source. These 
and the output jack nrc on the hnck wall of the 
chassis. On a side wall, near the back, is another 
phono jack for external connection of a spot-

0 ARRL Tn>e C0-1, HnrTis Co., 56 East Main St., 
Torrington, Coon. 06790 

Fig. 6-8-lnterior of the transistor v.f.o. The oscillator 
portion is built on a circuit board. The amplifier stage 

is dose lo tho reor wall. 
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Fig. 6-10- Bottom of the transistor v.f.o. assembly. The 
oscillator ci rcuit board assembly mounts over a 2%-inch 
round hole. Power feed-through bushings aro in upper 

right earner. 

ting switch or relay, to tum the amplifier stage 
on or off. 

Small front and back plates have folded-over 
edges. The cover is a U-shaped piece, fastening 
to these, and l'O the sides of the chassis. The 
tuning capacitor mounts on the front panel with 
a nut on the rotor shaft. The type tliat grounds 
the rotor in this way is preferred to those having 
small mounting studs, as the electrical and me
chanical grounding is mucl1 better. If more fre
quency coverage is desired, the tuning capacitor 
should be the next larger size than tlie 15-pf. 
type shown. Plates can then be removed if the 
coverage is too great. 

A1nost any b.f. or v.h.f. transistors may be 
used. The circuit board is designed so that either 
p-n-p or n-p-n can be accommodated, and there 
is no advantage citl1er way. }.lolorola 2N4125 
plastic-case p-n-p types are shown. HCA 
2Nll77s were also tried. A :zener diode, CR,, 
shown in the circuit diagram, does not appear 
in the photographs. This is used to regulate the 
supply voltage if other than a battery source is 
used. It would be important if the v.f.o. were to 
be used for mobile work, on the car battery. In 
operation from a ~mall separate battery the 
Zener can be omitted, and tho positive voltage 
applied directly to t11c junction of R2 , R, and R,. 

Adjustment and Use 

>. lake certain that all circui ts are wired cor
rectly, then apply voltage. It would be well to 
check the current drawn, which will be about 10 
ma. at 12 volts and 7 to 8 ma. with 9 volts. Of 

Fig. 6-9- Schematic diagram and parts in· 
formation for the 8-Mc. v.f.o. unit. Parh not 
described below a re numbered for identifica· 
lion in text. Where not otherwise indicated, 
oapacitor values are in picofa rads (pf. or 
µ.µ,/ .). Those across tuned circuits a re 

dipped-mica. 

C6-15-pf. variable (Millen 22015). For moro tuning 
range use larger value. 

C,-8 to 50-pf. neg . temp. cacf. ceramic trimmer (Cen
tra lab N-650). 

J., 1:-phono jack. 
L1-3-uh. slug-tuned coil: 13 tu rns No. 22 on %·inch 

iron-slug form (Mi ller 42A336CBI, wilh 2 turns 
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this, about two thirds is drawn by the amplifier. 
lf the oscillator current is measttred separately 
on a low-range meter, a slight fli cker in current 
will be seen when tho oscillator coil or tuning 
capacitor is touched, if the circuit is oscillating. 

removed). 
L0- 1.3-uh. slug-tuned col l: 14 turns No. 26 on '!..·inch 

iron -slug form (Miiier 4502). 
L3- 2 turns No. 26, wound over low end of L,. 
CR,-9-volt zcner diode. 
P1- Phono plug. Short out if no spoiling switch is used. 
S,-Remole spotting switch, any typo. 
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Fig. 6-11-General purpose circuit board used for the 
transi stor v.f.a. is 2% inches square. Dark areas are 

etched. Board mounts over a 23A-inch hole. 

The frequency can be checked roughly with a 
wavemeter, or the signal can be monitored on a 
receiver. A well-cal.ibrated receiver tuning the 
8-Mc. range is handy, but not necessary. The 
signal can be heard in your 50- or 144-Mc. re
ceiver, if tl1e v.f.o. is connected to the transmit
ter with which it is to be used. Methods of con
nection to various types of crystal oscillator cir
cuits are discussed in connection with the VXO. 
See Fig. 6-6 and associated text. A shielded 
8-Mc. coupling unit is shown in Fig. 6-12. 

To calibrate the oscillator, turn capacitor c. 
to all-in, and adjust the core slug in L, so that 
the frequency i~ approximately 8000 kc. This will 
be heard at the low end of the 144-Mc. band, 
if you are listening tl1ere. It may be necessary 
to run a link from ], to the 144-Mc. receiver 
input, if you are not driving tl1e transmitter at 
tl1is time. 

A drift check should next be made. Be sure 
that the receiver is not drifting, then turn the 
v.f.o. on and note the drift for the next two min
utes or so. If it is appreciable, it can be reduced 
by proper setting of the compensating trimmer, 
C,. Move the trimmer a few degrees either way, 
and reset the core slug so that the signal is again 
heard at 8 Mc. Check the drift cycle again. If 
there is less drift this time, from a cold start, you 
moved the trimmer in ilie tight direction. If 
there is more, move tlle trin1mer about as far in 
tlle opposite direction, reset the slug, and try 
again. A combination will be found eventually 
where the temperature-compensating qualities 
of the trimmer will almost exactly nullify the 
effect of the slight transistor warm-tlp drift. The 
temperature compensation is really just a refine
ment; the stability of the oscillator is quite good 
without compensation, if you don't mindletting 
it run for 10 minutes or so before using it. It's 
not bad, even from a cold start. 

TRANSMITTERS AND EXCITERS 

A dummy load for tlle amplifier can be made 
with a 2-volt 60-ma. pilot lamp, wired to a phono 
plug and inserted in J •. It will just glow when 
the amplifier output ci.rcuit is peaked, indicating 
an output of about 50 milliwatts. This is enough 
to drive any of the common crystal oscillator 
circuits, if the coupling system of Fig. 6-2 is 
used. For an 8-Mc. circuit, Lr. in Fig. 6-2 should 
have 24 turns. 

The simple bipolar transistor buffer stage does 
not afford a high degree of isolation. There will 
be an appreciable frequency change as the cou
pling circuit is adjusted, but ilie stability in ac
tual use is fairly good. This is not a device for 
worki11g close to ilie band edge, however. Play 
safe, and be sure that you know where you are. 

This v.f.o. was tested on 50 and 144 Mc. witl1 
the "Two-Band Station" trnnsmitters described 
in the following pages. These were modified by 
installing a switch that shorts out RFC1 (Fig. 
6-14) when the v.f.o is used. The v.f.o. works 
well witll the 220-Mc. transmitter described lat
er in this cllap ter, ilie oscillator circuit of this 
unit having been moclifled in a similar manner. 
It drove a Clegg 22-er nicely when the coupling 
circuit, Fig. 6-12, was plugged into tlie crystal 
socket. In each instance the note quality was ac
ceptable, and there is substantially no frequency 
modulation. Drift is no more than some crystal
controlled transmitters show at comparable fre
quencies. Stability does not approach tlrnt of the 
VXO just described, but it is better than many 
v.f.o. units currently heard on the v.hJ. bands, 
botli commercial and home-buiJt. 

Fi g. 6-12- Coupling assembly, for plugging into a 
fransmitte• crystal socket. Tuned circuit is simi lar f<> 
tha t shown in Fig. 6-2, except L0 has 24 turns. Inferior 

a ppearance is similar to Fig. 6-5. 



Transistor V.F.O. 105 

V.H.F. TRANSMITTERS 

The amateur about lo begin construction of a 
v.h.f. station is frequently bewildered by the 
choice of tubes, circui ts and equipment layouts 
available to him. The newcomer often feels that 
he wants a single unit, complete with r.f., 
audio and power supply, all in one table
top package. This is convenient in some respects, 
but it is by no means the most versatile ap
proach. There are other ways to do the job. par
ticularly if the amateur is the "building" type. 

Most of us don't build transmitters for the sole 
purpose of be.ing able to talk to people. Rather, 
we like to try different circuits and combina
tions. We look forward to a gradual building
up and refinement of our station, as experience 
and finances permit. With some plannfog, to
day's low-powered transmitter can become 
tomorrow's exciter, and if it is a separate unit 
it can be used for occasional portable work. 

There is much to be said for subassembly 
design, and most of the equipment in this book 
is worked out along these lines. Even the one 
complete medium-powered r.f. section for 144 
Mc., Fig. 6-18, is laid out so that the exciter and 
amplifier can be built and used separately, if 
desired, though the two go together in one 
standard 17-inch-wide package. 

Such r.f. subassemblies are usually much eas
ier to builcl adjust and trouble-shoot than are 
complex all-on-one-chassis designs, and for this 
reason they are especially desirable for the new
comer. Each represents a relatively small invest
ment in labor and parts; when the time comes 
for sometl1ing better, or you want to add an ac
cessory or make a modification, you can go 
about it without the fear of spoiling sometl1ing 
that has all your Onnncinl and technical re
sources tied up in it. 

EFFICIENT LOW-POWER TRANSMITTERS 
FOR 50 AND 144 MC. 

The r.f. units of Fig. G-13 were designed to be 
easy to build and ndjust. They are stable in op
eration, and are relatively free of unwanted fre
quencies that could cause TVI. They scrimp on 
no essentials, and they have features that may 
save you money in the long run. Both employ 
crystals tl1at are inex-pensive and reliable. By 
shopping for surplus crystals you can afford 
enough of them to operate close to any desired 
frequency. Shifting from one spot to another is 
done with a minimum of retuning, thanks to a 

reserve of driving power all along the line. The 
oscillator circuit is readily adapted to v.f.o. con
trol, should you want to go to it eventually. See 
Fig. 6-6C for method of connection. The trans
mitters can be keyed for c.w. communication, 
and the signal wil1 sound like a c.w. signal 
should, without the annoying yoops so often 
heard in v.h.f. c.w. work. With this equipment 
your signal will require no apologies, and you 
will have a fine base on which to expand to high
er power later on. 

Fig. 6-13-The r.f. units for 144 Mc. (l eft) a nd 50 Mc. ore as much alike mechanically and electrically as pos
sible. Shown here sido by side, they hove their erystol oscillators at the low ond of the picture. Provision is 
made for measuring grid and plate current by plugging a meter into insulated tip jacks. Tho transmi tters plug 
into the side of the modulator and pawer·supply chassis described in Chapter 7, or they may bo connected 

lo it through 4-wire cables of suitablo length. 
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DOUBLER 

TRANSMITTERS AND EXCITERS 

SOM,. 

L~~ 

~ 
RFC2 

v, 

Fig , 6-14- Schemotic diagram and parts information for the 50-Mc. transmitter . . Fixed 10· and 100-pf. capacitors 
ore mica; 0.01 · and 0.001-µf. ore ceramic disk. Decimal values are in µf. Resistors are \/2 wait unless 

specified; values in ohms. The oscillator and doubler stages of the 144·Mc. transmitter ore similar. 

Cv C3, C,-B·pf. miniature butterfly variable (Johnson wire. 
160-208 or 9MB11). l3-10 turns No. 20 tinned, 3A·inch diam., 16 t.p.i., c.t. 

C,-8.7-pf. miniature variable (Johnson 160-104 or (8 & W No. 3011). 
9M 11). L,-8 turns like I.,. L3 and L, ore side by side, 1 inch 

C,,-50·pf. miniature variable (Hammarlund MAPC-
50·8). 

J,, J., J1, J8-ln1ulated tip jack. 
J,-B·pin mole chassis fitting (Amphenol 86-CPS). 
J0- Closed-circuit phone jock. 
J0-Cooxial output receptacle, S0-239. 
L1, L0- 3-µh. (approx.) iron-slug coil (Miller 4404). Link 

L, and L0 with 1-turn loops of insulated hookup 

The Circuits 

It will be seen that the transmitters are very 
similar. They are so much alike, in facl, that we 
did not repeat duplicate parts of the circuit in 
the diagram of the 144-Mc. model. The two 
lransmitters will be described concurrently, and 
unless the text states otherwise, what is said will 
apply to both units. The crystal oscillator is the 
pentode section of a 6CX8 clunl h1be. The 
6CX8 triode is a doubler stage. Crystals between 
8000 and 8222 kc. a re used for the 2-meter band 
( 8056 to 8166 kc. for the Novice-Technician 
portion between 145 and 147 Mc.) n,nd 8334 to 
9000 kc. for the 50-Mc. band. Those between 
8334 and 8350 kc. should be used for c.w. opera
tion only, as they multiply into the first 100 kc. 
of the 50-Mc. band, which is set aside for that 
mode only. Appropriate crystals between 6000 
and 6750 kc. may also be used, as may 12-
and 24-Mc. crystals. The latter two are overtone 
types and will not be as stable as those for 8 or 
6Mc. 

The oscillator reqltires no adjustment other 
lhnn moving the core in tl1e plate coil, L1 . This 
is tuned between 24 and 27 Mc., depending on 
the crystal frequency. The 6CX8 pentodc triples 
the frequency for 8-Mc. crystals nnd quadruples 
it for 6-Mc. ones. Loosely coupled tuned circuits, 

apart centor to center. 
L,- 11 turns like L3 • 

L.-H~ turns insulated hookup wire around center al 
L, . 

P1, P,-lnsulated lip plug. 
RFCi-500-µh. r.f. choke. 
RFC,- Single· loyer v.h.f. r.f. choke, 4 to 7 µh. 42 turns 

No. 26 enomol, closo·wound on 9/ 32-inch dowel. 

L1 and L2, in the oscillator plate and doubler 
grid emphasize the desired harmonic and help 
to reject unwanted frequencies that are devel
oped in the oscillator. 

Attenuation of unwanted frequencies is aided 
by the use of inductive coupling between the 
doubler plate circuit, Ci..L3, and the following 
grid circuH, C3L.1• Note that here a single-ended 
stage is coupled to a push-pull one. The capacitor 
C2 is used to bnlanco this circuit for coupling to 
L4 • lt places a capacitance similar to the plate-to
ground capacitance of the tube at the opposite 
end of l a from the plate. Its adjustment is not 
critical 

The stage following the doubler looks the 
same in both schematic diagrams, but it is an 
amplifier for 50 Mc. and a frequency triplcr for 
144 Mc. Its plate-screen circuit is modulated 
when the 50-Mc. transmitter is used for voice 
work. In the 144-Mc. model this stage triples 
from 48 to 144 Mc. and drives a similar stage 
as an amplifier. Modulation is applied to the lat
ter stage in 2-meter phone operation. Both trip
ler and amplifier nrc 6360 dual tetrodes. Power 
input to the amplifier .runs about 15 watts on 
phone, but may be increased to 20 watts or 
more on c:w. Tho key is inserted in the amplifier 
cathode jack, ] r.· Tuned antenna coupling con
veys the transmitter output to a coaxial line to 



Construction Details . 

the antenna change-over relay, which is part of 
the modulator unit, described in Chapter 7. Tip 
jacks are provided for measuring ll"iplcr nod 
amplifier grid current, and amplifier plate cur
rent. 

Construction* 

The transmitters arc built on aluminum plates 
that are screwed onto aluminum chassis 5 by 10 
by 3 inches in si7,e. Leads arc brought lo a plug 
mounted in the right side of the transmitter 
chassis, for plugging into the power socket on the 
left side of the modulator chassis. The transmit
ter and modulator units may also be operated 
apart by making up a suitable cable for con
necting the two. 

It will be seen that various components come 
close to the edges of the plate on which the 
transmitter is built. To avoid possible damage 
when the units are mounted on 01' removed from 
the chassis, it is desirnble to cut notches in the 
folded-over edges of the chassis to give plenty of 
clearance around these parts. This is particularly 
true of the output tuning capacitors, which arc 
vulnerable in this respect. 

The transmitters are shown together in the 
top view, with the 144-Mc. model nt the left. 
The crystal oscillator and doubler arc at the 
bottom of the picture for each, with t11e antenna 
jack and tuning capacitor at the opposite end. 

0 Tcmplntcs for use in drilling tho top surfocc.~ of these 
transmitters nre nvailnble from the AJU\L Tcchnicnl De
partment. Please send 25 cen ts an<l n s tnmpc<l self-ad
dressed envelope and give the publication, l'<iition, and 
figure number for which the template is requested. 

I 

"' 
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Jn the bottom views the oscillator tube and com
ponents are at the left end of the assembly. The 
oscillator plate and doubler grid coils appear in 
the upper left corner. These are fa inch apart, 
center to center, in the 144-Mc. transmitter, and 
1 inch in that for 50-Mc. Smaller-diameter coils 
were used in the fonner, t11ough similar ones 
could have been used in each. The coupliJ1g link 
between these coils is made of a single piece of 
insulated wire looped around one coil, the leads 
crossed over and then looped around the other 
coil and then the ends soldered together. The 
6gure-8 loop is visible in both pictures. 

The spacing between the inductively coupled 
coils elsewhere in the transmitters is given below 
the schematic diagrams. It will be seen that the 
doubler plate and tripler-ampli6cr grid coils, L:1 
and L4, are side by side, whereas tl1e tripler plate 
and amplifier grid coils in t11c 144-Mc. rig, L;; 
and Lr,, are mounted on the same axis. 

Wiring of the transmitters is extremely simple. 
Use tie-point strips liberally for terminating 
power leads and mounting resistors and bypass 
capacitors. Shielded wire can be used for power 
leads, though it was not done in these units. 
Run power wiring Hat against the plate. The 
ready-wound coil stock can be tapped most 
readily if the turn where the tap is to be made is 
pressed down toward the center of the coil with 
a small screwdriver. Connection to t11e tap is 
then made on t11e inside of the coil, using a small 
soldering iron. The coils are supported by their 
own leads, soldered to the tuning capacitors as 
di rectly as possible. Cutting of Miniductor stock 
is described in Chapter 13. 

Fig. 6 ·15-Bottom view of the 50·Mc. tronsmitler. The crystal oscillator is at the left. The amplifier plate 
circuit and antenna loading control ore ot the right. 
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Fig. 6-16-Schemotic diagram and ports information for the 144-Mc. lronsmitler. Only the tripler and 
amplifier portions ore shown, as the oscillator and doubler itoges ore simi lar lo the 50-Mc. unit. 

Components not listed be low are identica l lo thoso of Fi9. 4. 

C., C,-S·pf. miniature butterfly variable (Joh nson L,-13% turns No. 24 tinned, Yi-i nch diam., 32 t.p.i., 
160-205 or 5M811). c.t. (8 & W Miniductor 3004). 

C,, C
1
-8-pf. miniature butterfly variable (Johnson L,-Samc as ~ but 10% turns. Mount l 3 a nd L, ?'1 inch 
160-208 or 9M811). apart, center lo center. 

c .-30·pf. miniature variable (Johnson 160-130 or L,-3~~ turns No. 20 tinned, 'Y.i·inch diom., 16 t.p.i. 
30M8). (8 & W No. 3003). 

J3- lnsulotcd tip jack. 
l 1, L. (in Fig. 6-14)-4-µ.h. (approx.) %-inch iron-slug coil 

(Miller 4504). link with 1 turn insulated hookup 
wire; sec photo ond text. 

Adjustment and Operation 

The transmitters can be tested with any power 
supply that will deliver 200 to 300 volts d.c. at 
100 ma., nnd 6.3 volts a.c. or d.c. at 2lf amperes. 
A single l-ma. meter can be used for all tests, if 
it is provided with a 1000-ohm series resistor and 
flexible leads with terminals, as shown at the 
lower left side of Fig. 6-14. (The s.w.r. bridge 
meter is used this way in the complete station 
setup shown in Chapter 7.) If the supply delivers 
more than about 200 volts, it woi1ld be well to 
connect a 5000-ohm 10-watt resistor in the sup
ply lcacl temporarily, to keep the transmitter 
from drawing excessive current at the start of 
testing. 

We will test the oscillator and doubler first. 
Disconnect the screen resistors from both 6360 
stages in the 144-Mc. transmitter, or from the 
amplifier in the 50-Mc. rig. This will keep these 
stages from drawing anything but grid current. 
Plug the test meter, with the 1000-ohm resistor 
in series, into )1 and 12• It will read as if its scale 
were 10 ma. (A reading of 0.4 will actually be 4 
ma.) With the tubes already heated, apply plate 
voltage briefly, through Pin 2 of )4 • If the first 
two stages arc functioning there will be some 
grid current reading. 

Using only short test periods at first, adjust 
the cores in L1 and L'.!, and the settings of C1 
and C:1, for maximum grid current Now adjust 
C,. for maximum grid current. It will be seen that 
c; and C2 interlock. Move first one and then 

1.,.-2 \~ turns like Lr,. 
L,-6 turns No. 18 tinned, %-inch diam., 9 / 16 inch long, 

c.t. 
L8-1 turn insu lated hookup wire around center of l,. 

the other nntil the combination is found that 
gives the highest grid current. Thi5 should be at 
least l mll. in the tripler of the 144-Mc. trans
mitter, and 2 ma. for the 50-Mc. amplifier, when 
a supply voltage of 250 is used, and it may be 
up to twice these values. If a dropping resistor 
was used in the power supply lead, it may now 
be removed, provided that the plate voltage 
does not rise to over 300. 

And how do you read voltage? It's nice to ha\'e 
a voltmeter, but you can make your own. Con
nect a !-megohm resistor in series with your 1-
ma. meter, with or without its 1000-ohm resistor, 
for the latter will make only a 0.1 per cent differ
ence. Connect the negative side of the meter 
to t1'1e chassis, nnd tbe positive side (with the 
I-megohm resistor in serie.~) to the point where 
you want to measure voltage. You can now read 
voltage on the meter scale. A meter reading of 
0.3 ma. will mean 300 volts, 0.28 would be 280 
volt~, etc. [t is desirable to have a fairly accurate 
resistor for this purpose, if you want to read 
voltage to useful accuracy. A precision resistor 
will be a good inveshnent here but get one that 
is accurate to plus or minus 5 per cent, in any 
case. Somo resistors may be as much as 20 per 
cent o[, unlci;s you specify otherwise. 

50-Mc. Amplifier Adjustment 

The 50-~lc. amplifier may now be adjusted, 
but first we need some kind of dummy (non-



Adjustment 

radiating) load. The best load is a bank of resis
tors that will total about 50 ohms and be able 
to dissipate at least 8 watts. Suitable londs arc 
described in chapter 11. To use such o load 
properly requires some form of power output 
indicator, insertrd in the line to the lond. The 
s.w.r. bridge, Fig. 11-14, serves this purpose. 

Lnmps of various kinds can be used , but they 
are inferior loads. They do hnvc an ndvnntage, 
however: tl1ey give a rough visible indication of 
power output. Probably the best lamp load is 
made of 4 or 5 blue-bead pilot lamps ( 1 o. 44 
or 46) connected in parallel. A 25- or 40-watt 
lamp may also be used, but it will be for from a 
50-ohm load, and very misleading as to tuning 
of the final plate and loading circuits. If such a 
lamp is used, short out the loading capacitor, C:;, 
temporarily. 

With the two previous stages having been 
tuned for maximum amplifier grid cmrent, re
connect the screen resistors. Modulation is not 
needed at this stage, so Pins 2 and 6 of J.1 may be 
connected together initially. Plug the meter nnd 
1000-ohm series resistor into Ji and h . to meas
ure nmplificr plate current and apply voltage. 
The meter will now read as if it had n 100-mn. 
scale. Adjust C4 quickly for minimum plate 
current, wl1ich should be about 50 to 80 mn., if 
a load is connected to i ll' If the loncl is a lamp or 
bank of lamps, adjust C.1 for m;lximum bril
liance. With the pilot-lamp load C~ may now be 
adjusted for maximum brilliance. Hctunc C.1 and 
C5 severnl times for grentest output. If n regular 
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home light bulb is used for the load, short C5 
temporarily and ncljust C4 for maximum bril
liance. Maximum output will occur at npproxi
mately minimum plate current, but there may 
not be exact coincidence, so C4 should be ad
justed for the lowest plate current that gives 
maximum output. 

The 6360 is so designed that there is no need 
for neutralization if the transmitter is properly 
designed and built, but a stability check should 
now be made. Plug the meter back into the grid
current jacks, tum on the transmitter, and briefly 
remove- tl1e crystnl from its socket. There should 
be no grid current witli the crystal removed. The 
input to tlie amplifier will run excessively high 
under tliis test, so do it for a short check only. 

Another test for stability is to observe the grid 
current and plate current simultaneously, while 
watching the output. A perfectly stable trans
mitter will show maximum grid current, mini
mum plate C\trrent a nd maximum outpu t at a 
single setting of the plate capacitor. Some d iver
gence from tl1c ideal is permissible, if other 
indications given above are achieved. 

144-Mc. Adjustment 

Thus far we've been talking about the 50-Yfc. 
transmitter. Adjustment procedure is similar for 
the 144-Mc. model, Fig. 6-17, except that there 
is a bit more to it. Proceed as above to the point 
wbere you have gotten grid current in the tripler 

fi g. 6-17- The 144-Mc. tronsmiltor is simi lar to that for 50-Mc., but it requires one more stage. Oscillator 
and doubler circuits ore at the left.end. Sido·by·side coils in the doubler pla te a nd tripler grid circuits 
came next. The tripler plate a nd a mplifier grid coils, ri ght center, ore mounted on the some axis. The 

amplifier pla te a nd loading circuits ore at the fo r right. 
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stage. Now connect the screen resistor of the 
triplcr and put the meter in tip jacks 12 and ln, 
to measure amplifier grid current. Apply voltage 
through pin 2, and tune C.1 for maximum ampli
fier grid current. This should be at least 2 ma., 
but it may be as much as 5. 

Now plug the meter into 1; and 111 and apply 
plate voltage through Pins 2 and 6. Adjustment 
from here on is similar to the 50-}.lc. amplifier. 
Because of the drain imposed by the extra 6360 
stage, the plate-supply voltage will be a bit 
lower with the 2-mctcr transmitter, a fact to 
keep in mind when figuring the input you will 
have to modulate. 

Once the transmitters arc made to work on a 
given frequency you may want to tune them so 
that shifting frequency can be done with a mini
mum of retuning. There is a surplus of gTid drive 
with the tube lineups shown, so "stagger-tuning" 
is entirely practical. For instance, the 2-meter 
transmitter can he adjusted so that any fre
quency between 144 nnd 146 Mc. can be used 
merely by inserting the proper crystal and re
tuning the final p lnte circuit. Plug the meter 
into the amplifier grid jncks, 12 and l :i· With 
a crystal near 8000 kc. in place, tune for maxi
mum grid current. lt will be more than you need. 
Now put in a crystal for some point near 146 
Mc. The grid current will p robably be l ma. 
or less, and the output somewhat low, even when 
the 11nal plate circuit is retuned. Adjust one of 
the core studs (either L 1 or L~) 1171ward sllglttly, 
and see if the grid current rises. Retune C 1 or C2 
slightly to further increase the grid current. Do 
the same with either C4 or Cw By judicious jug
gling it wilJ be possible to get around 3 ma. 
grid current on any frequency over a two-mega
cycle spread, simply hy plugging in the proper 
crystnl. You then merely retune C7 for the low
est plate current that will give maximum output, 
after changing the crystal. It is not necessary to 
readjll5t either C2 or C8 at any time, once 
they have been properly set. Adjustment pro
cedure for spreading the coverage of the 50-Mc. 
transmitter is similnr, but simpler because of 
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the lesser number of stages. 
Ideal amplifier grid current in both transmit

ters is around 3 ma., though either will work 
well with down to about rn ma., or up to 4. 
More than 4 ma. is likely to reduce the output, 
and either insufficient or e~ccssive drive will 
affect the modulation adversely. The amount 
of grid drive for c.w. operation is much less 
critical, it being merely necessary to hove enough 
to insure efficient operation. Even 1 ma. will do. 
Keying the transmitters for c.w. work is clone by 
plugging a key into the cathode jack, J;,. 

Plate current may be measured in any stage, 
to be sure that it is running at safe input. Con
nect a 10-ohm resistor in series with the lower 
end of the 470-ohm isolating resistor in the plate 
circuit of the stage to be checkc<l. Now, connect 
the 1-ma. meter (with its 1000-ohm resistor in 
series) across the 10-ohm resistor. This will make 
the meter read as if it had n 100-mn. scale, just 
as when you plug into 1; and lw Additional tip 
jacks shunted with 10-ohm resistors may, in 
fact, be pem1anently a part of tho transmitters, 
though there will be little need to use them after 
the stages arc once checked and found to be 
operating satisfactorily. The accompanying table 
shows typical voltages and currents measured 
in the original units. 

Plate Plate Screen Grid 
Stage Voltage Current Voltage Current 

144-~fc. Transmitter 

Osc. 255 v. 12 ma. 140 v. 
Dblr. 255 v. 10 ma. 
Tplr. 255 v. 50 ma. 125 v. 1 ma. 
Amp. 230 v. 70 ma. 170 v. 3 ma. 

50-Mc. Transmitter 

Osc. 270 v. 14 ma. 150 v. 
Dblr. 270 v. 10 ma. 
Amp. 250 v. 70 ma. 170 v. 3 ma. 

A MEDIUM-POWERED 144-MC. 

TRANSMITTER 

T he transmitter of Figs. 6-18 through 6-25 
was built in the A THlL Laboratory, specifically 
for the Headquarters Station, vVlAW. Some as
pects of its design may be slightly different from 
those the average· v.h.f. man would build into 
his station, but anyone wanting an efficient and 
reliable 144-Mc. transmitter should find it of in
terest. The exciter and final amplifier arc built 
on separate standard-sized chassis, and either 
may be used with other suitable equipment. The 
exciter makes a fine low-powered r.f. unit by 
itself, and the amplifier will work well with any 
exciter capable of delivering over 5 watts out-

put. Combined the two units mount on a stand
ard rack panel, making a compact r.f. section 
capable of delivering more than 300 watts out
put on c.w. and 200 watts a.m. phone. 

T here is much to be said for a 500-watt level 
as the maximi1m power input for a v.h.f. station. 
Overall cost and complexity are far lower than 
when the full legal power is used, and the dif
ference in signal at a distant point is no more 
than barely noticeable. The economic advantage 
gained in staying below 500 watts input is par
ticularly marked when a.m. phone is the most
used mode of operation. 



500-Watt 144-Mc. Transmitter 

f?(citer Design 

The exciter is designed to pennit shifting fre
quency over most of the band without extensive 
retuning. 1£ the st."\geS are peaked near the mid
dle of a two-megacycle range normally used, 
very little readjustment of tho exciter will be re
quired. Even in moviug from one end of the 
band to the other, only repeaking of the tripler 
and amplifier tuning capacitors will be needed. 
The tubes run at a conservative level, to assure 
trouble-free operation jn the continuous nightly 
service encountered in bulletin and code-prac
tice t.raru.missions from the Headquarters station. 
Double-tuned inductively-coupled circuits 
throughout give the desired bnnd-p:iss response. 
but with selectivity sufficient to attentuate un
wanted multiples of the oscillator frequency that 
might go through to the amplifier nnd be radi
ated if ~;mpler circuits were used. 

There are three dual tubes in the exciter. The 
oscillator and multiplier stages are 6AR11 dual 
pento<les, and the output ~tnge is I\ 6360 dual 
tetrode. The oscillator, V 1 A• is set up for 8-Mc. 
crystals, though fu ndamental crystals at 6 o:r 12 
Mc. will also work. The switch S1 selects one of 
five crystals. One position mny be used for v.f.o. 
.input if the switch S,, (not ln the origimll unit ) 
is incorporated to short 01.l t the cathode i.£. 
chok~, RFe 

1
. . . 

The oscillator plate circuit multipl.ies to 24. Mc. 
Its plate coil, L1, is inductively coupled to the 
following grid circuit, L .,, and the co@ling is 
increased by the link, [.,:\.-The secor1'1 pentOde Qf. 
V 1 doubles to 48 Mc. Its plate cir.cuit and the 
grid ciccuit of tlie push-pull tripl9r, Y 2, ate also 
link-coupled. 'fhe .tripler phite circuit ans.I the 
grid circuit of the 144-Mc. ar:'lpli69r, V :\• are. 
ind.uctively coupled. AmpUfler output is t;iken 
off thro~gh a ~'Cries-tuned link to a coaxiaJ fltting 
on.the rea1 wall of the exciter ch\\SSis. 

Gri!I cum~nt in t he ~~\pier or a.mplifi~ sta~~ 
can -be measured by connecting a lqw-r.mge 
milliammeter bctwe~n th.o exposed t\)rminal of 
C3 or Cr. and the chassis. This is helpful in iJ?i
tial adjustment, and' for trouble ~hooting, if 
needed. ' · · . 

The Final Amplifier 

It is desirable that a transmitter be capable of 
running at moderate power, particulnrly in v.h.f. 
work, where about 50 watts output is adequate 
for most communication. The external-anode 
type of v.h.f. tetrode fi ts this need admirably, 
as it will run efficiently at inputs of 100 watts 
or less, yet it can be pushed up to 500 watts 
with complete safety. 

The 4CX250R shown can be replaced with 
any tube of this family. Many builders will want 
to use the 4Xl50A, which can be found on the 
surplus market at attractive prices. It will work 
equally well, except for slightly reduced ratings. 
The socket specified tnkcs the 4Xl50A, 4X250B, 
and 4CX250B and R. With a suitable socket, 
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Fig. 6· 18-The 500-wott 144-Mc. transmitter is built 
in sepprole assemblies using standard chassis sixes, yet 
ii con be mounted on a standard 19-inch rock panel. 
The exci ter, left, may also be used as a low-powered 
tr.ansmiJter, capable of up to lO walls output. Ampli· 
fjer, right, hos b.uilt-in bias supply. Its simple strlp-lin~ 

plate circuit is enclosed in a removable cover. 

and possibly modification of the grid circuit to 
take care of differing input capacitm1ces, any 
of the many tubes of this general type can be 
;µsed. .. 

The ilIDPlifi~r tank circuits are made from 
Hashing copper, a rea<}ily-availablc material that 
can be cvt and bent without special tools. De
tails of ~e grid Inductance, L1~, and the plate 
lh:Je, L 1:p ai:e gil(CD in Fig. 6-25. Many plate cit
~ttj~ were m~dc and tes~ to derive the shape 
of !'.-ia.· The~e incl.u~ed c;opp~r pipes from ~ to 
1 incli iI) diameter, and copper strips of several 
~yidth~ and configurations. The plate c.ircuit was 
o.perated .as a pi-network, :is well as in the in
.ductjvely coupled fqrm shown here. Wben op
tii:Jium ·~,;(} r~o was achieved ( tuning to the 
de:;ired frequency rauge w~~ the lowest osnble 
~apac.itapee } there was no Cl!Sential d ifference in 
restilts, so the. convenient and safe grounded 
tank ~hown w.as adopted. 

Power Circuits 

Only two external power supplies arc needed 
for the r.f. portion of the transmitter: one deliv
ering 250 volts d.c. at about 150 ma., nnd a 
high-voltage supply giving anything up to 2000 
volts at 300 ma, Control of the a.c. voltage input 
to the final-stage plate transformer by means 
of a Variac or Powerstat is au excellent wny of 
adjusting the transmitter power level to the 
needs of the moment. A bins supply for the am
plifier is built in. The single 250-volt source han
dles the exciter stages and final amplifier screen. 
I t should have good regulation. The oscillator 
screen voltage should be regulated if the trans
mitter is to be used for c.w., or if the ultimate 
in oscillator stability is wanted. Otherwise Pins 
l and 3 of the p ower plug, P 2, can be connected 
together. 

~. 
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The 4-pin fittings on the exciter and amplifier, 
] 5 nnd l u, arc wired so that meters for the final 
grid and screen current can be connected exter
nally. The meters are not in the photographs, as 
they arc mounted on a separate panel in the 
WlA\V setup. 

The Alnmcnt transformers 1\ and T 2 con
nected back-to-back give isolation from the a .c. 
line fo r the bias supply, and take care of the 
heaters of the transmitter. The blower motor, 
B 1> comes on whenever the primary of T 1 is 
energized. The switch S4 is connected external
ly and does not appear in the photographs. 

The exciter heaters should be operated at 6.3 
volts, but the amplifier tube should run at 6.0, 
plus or minus 5 percent. With today's line volt
ages often running over 120, a filament trans
former rated at 6.3 volts may give as much as 7, 
This is much too high for the 250 series tubes, 
so RFC.1 was introduced to perform a dual role. 
Mainly, it drops the heater voltage to the de
sired level, but the r.f. isolation of the heater 
circuit it also provides certainly does no harm. 
Because the choke function is not critical, the 
wire size and/or number of turns can be varied 
to give 6.0 volts at the 4CX250 tube terminal, 
with your average line voltage. It is well to 
measure this with an a.c. meter of known ac
curacy; vacuum-tube voltmeters are notoriously 
inaccurate on a.c. readings. The choke was not 
in pince when the pictures were made. It is 
mounted nlongside the tube socket, directly in 
the nir strcnin from the cooling fan, so heating 
is no prnblcm with wire sizes as small as No. 
28. 

Modulation of the transmitter for voice or tone 
(the latter is used in WlA W bulletin and code
praeticc trammissions) requires an external au
dio unit of at least 150 watts output. The audio 
choke, Lu,. connected in the screen lead, is 
shorted by S3 when c.w. or f.m. is used. Maxi-

Fig. 6-19-Rcar view 
of tho complete trans· 
mlttor, with amplifier 

shiold removed. 
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mum plate voltage is 2000 for c.w. and 1500 
for a.m., but tl1c amplifier works well with volt
ages as low as 750. High voltage is brought in 
on a separate fi tting, lg. A similar fitting, J7, in
verted alongside the amplifier tube, is used to 
terminate the high-voltage feed t o the shunt 
plate choke, RFC:i· 

Building the Exciter 

Layout of parts in the exciter should be fairly 
clear from the photographs. The principal dimen
sions for drilling the top surface of the 5 by 10 
by 3-inch chassis given in Fig. 6-24. The builder 
will do well to check his components for minor 
variations before going ahead with the drilling. 

Controls on the front wall of the chassis at the 
left are the crystal selector, Sv lower, and the 
6360 plate capacitor, c!l, above it. In the middle 
is the loading capacitor, C 10, and at the right is 
the triplcr pinto capacitor, C8. On the rear wall, 
Fig. 6-13, we see the crystal sockets at the right, 
the cathode jack, ]1, in the center, the power 
connector, ] r.• at the left, and below it the coaxial 
output connector, J~. 

The tubes, V 1, V2 and V3, are lined up back 
to front in that order. The oscillator plate and 
doubler grid coils, L1 and ~. are beside V1 • 

The doubler plate and tripler grid coils, L4 and 
L~, are between V 1 and V ~· AU are slug-tuned. 
The 144-Mc. coils arc supported mainly on their 
own leads. The triplcr and amplifier plate-tun
ing cnpacitors, C11 and C9, are alongside tl1eir 
respective tubes. They and the crystal switch 
are driven by extension shafts and couplings. 

Liberal use is made of tie-point strips for 
mounting small parts, where they are not con
nected d irectly to other components that will 
support them. Disk-ceramic capacitors are used 
for bypassing in circuits up through 48 Mc. The 
144-t-.tc. circuits (except the heater circuit of 

I 

1 

u 
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fig. 6·20-lnterior view of 1ho 144-Mc. cxcitor. The oscillator portion is a l the left . Note that oll .doges 
a re inductively couplod, for maximum protection against spurious frequencies in the output. 

V 3 ) use button-mien or ccntmic feed through 
capacitors, as disk ceramics are unreliable at this 
an<l higher frequencies. Duri11g initial tesl:in!:( of 
the exciter instability in the output stage was 
traced to the presence of r.f. in the hca ter cir
cuits. The heater bypass on Pins 4 nn<l 5 of V:1> 
a 100-pf. ceramic of the "dogbone" variety, wjtJ1 
l'.-inch leads, is series-resonant in the 144-Mc. 
region. This turned out to be n simple and ef
fective way of getting the heater down to 
ground potential for r.f., and thus stabilizing the 
6360 stage. 

Henter lead.~ are made with shielded wire. All 
power leads can be mnde this way, U1ough it is 
not mandatory. Heater voltage for the exciter is 
brought through the side wall from the trans
former, T 1, in the amplifler compartment on a 
feed-through capacitor, C20• Plate power comes 
in via the 4-pin connectors, 1.-. and P 2, which 
have separate terminals for the oscillator screen, 
so that this element can be supplied wiU1 regu
lated voltage if desired. 

Adjustment 

The exciter should be tested with no more 
than 250 volts from the supply. Less can be 
used, and the builder can play safe by inserting 
a 5000-ohm 10-watt resistor in series with the 
voltage source temporarily. This will p revent 
tube damage in case of malfunction, and it will 
protect the supply in case of a d.c. short. 

Start with voltage only 0 11 the oscillator p lllte 
and screen, leaving other power lends discon
nected temporarily. Listen for the oscillator on 
8 Mc., or on 21, 48 or 144 Mc., whichever of 
these frequencies is available for receiving. The 
note should be a pure crystal tone, and the fre-

queney should vary little or none as L1 is tuned. 
The value of C 1 may require change for some 
inactive crystals, though ordinarily the 10 pf. 
specified will be satisfactory. 

An r.f. indicator is now needed. This cnn take 
many forms. A 2-volt 60-ma. pilot lamp with a 
Jf-inch diameter loop soldered across it can be 
hung over the end of L , and the core position 
adjusted for maximum famp brilliance. A gricl
dip meter in the output-indicating position may 
be coupled to L 1 for this test. The latter is pre
ferred, since it provides a check on the fre
quency of the output, which should be in the 
24-Mc. region, three times the crystal frequency. 

Fig. 6·21- The a mplifier plate circuit is mainly a pieco 
of flashing copper. It is grounded for d.c., making for 
safety in operation a nd ease of construction. Tuning 
is by means of a disk capacitor on a b rass lead-screw, 
right. Plate voltage is shunt-fed through the r.f. choke, 

upper right. 
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Fig. 6·22-Schematic diagram and parts information fo r the 500-wott 144·Mc. transmitter. 

B1- Blower, 16 c.f.m. or more. L,-4 tu rns No. 20 Nyclod, 1h·inch diam., center-tapped, 
C1, C,- 10-pf. dipped silver-mica capacitor. with I \4-inch leods. Bend outer turn on eoch end 
C., Co- C00-500-pf. feed-through capacitor. outward at 45·degree angle, and insert midd le 
C., C., C,, C10-500-pf. button·mico capacitor. two turns about \4 inch into midd le of l 7• See 
C., C,-Miniature split-sta tor variable, 8 pf. per section text and photo. 

(Bud LC-1659). Do not ground rotor. L.- 5 turns No. 18 tinned, ¥.-inch dia m., -llt·i nch long, 
C10- 50·pf, miniature va riable (Hammarlund HF-50). center-tapped, with I 'A-inch leads. 
C11- 30·pf. mica trimmer. L,,- '!4 turn insulated hookup wire, 1-inch diam., around 
C12- 15-pf. miniature variable (Hammarlund HF-15). center of l 0• 

C,.. C21-Bypass built into a ir-system socket (Eimac SK- l 11-loop of No. 18 3 inches long. Adjust shopo and 
620). position for maximum grid drive; see text. 

C'"-Disk-type variable; see text and photos. L .. -Copper strip 4 by 3,4 inches; See Figs. 6· 16 and 19. 
c ,.-500-pf. 5000.volt transmitting capacitor (Centro- L,.-Copper strip 93,4 inches long with l'\4-inch tab bent 

lob 858S-500). up for fixed plote of c ... See Figs. 6-16 and 19. 
Ca:-100-pf. va riable (Hammarlund MC-100). L,.- Loop of copper 5/16 by 6 inches. Bend as per Fig. 
C18- 10-uf. 250-volt electrolytic. 6-19 a nd a d just position with respect to l 13 for 
C,0- 100-pf. ceramic, with \4-inch leads. best output. 
CR,-400-volt p.i.v. diod e, 100 ma . or more. l 1r,-10-hy. 50-mo. fil ter choke. 
J1- Closed-circu it jock. P11 P2- 4-pin fema le connector. 
Jz, J:y J,-Cooxial connector, S0-239. R,-20,000-ohm 5-wott control, 
J,_ J. -4-pin mole power connector. RFC1- 500-J.th, r.f. choke. 
J1, J8- High-voltogo foodth rough connector (Millon RFC,- Single-loyer v.h.f. choke, 1.3 to 2.7 µ h. (Millen 

37501). 34300, 2.7 uh. used). 
l ,, L,-3.1 to 6.7 µh, slug·tuned, ceramic form (Miller RFC3- No. 22 Nyclad closewound 1 3/ 16 inch on \4-inch 

4405). Remove 2 turns from l 2• Teflon rod; about 2.2 /Lh. 
l,,- Figure-8 loop of No. 24 enamelled wire aro und RFC,-Approx 5 feet No. 26 Nycla d closowound on 

slug end of L, and l 2• \4-lnch Teflon rod . Vary wire size and/or num· 
L,- 1.5 ta 3.2 /Lh. slug-tunod, ceramic form (Miiier ber of turns to drop heate r voltage to 6.0 a t 

4404). tube socket. See text. 
L,-11 turns No. 24 enamel on %-inch iron·slug ceramic 

form (Miller 4400), cente r-tapped . 
L.- Figure-8 loop Na . 24 enamel a round slug end of 

l 4 and center of l ,.. 
l,-4 turns No. 20 Nycla d, 1h-inch d ia m., % inch long, 

center-tapped. Leads are 1 a nd 1 ~ inches long. 

A high-resistance voltmeter or v.t.v.m. can be 
used to measure relative grid voltage at the cold 
end of L2• A simple wavcmeter (see Fig. 11-3) 
may be used to check the approximate fre
quency, as the grid vol tage will dip sharply as 
the wavemeter is tuned through the oscillator 
output frequency. Tune the cores in L1 and L~ 
for maximum drive to V 111• 

Now apply plate and screen voltage to V111, 
and check similarly for 48-Mc. output. Any of 
the above methods may be used, and in addi
tion we have provision for measuring tripler 
grid current buil t into the exciter. Connect a 
low-range millimnmctcr from the exposed ter
minal of C~ to ground, and tune all core studs 
for maximum grid current. This sl1ould be aboi.1t 
1 ma, though more ls fl ne if you can get it. 
Cb~ck with a wavcmetcr to be sure that tl1e 
energy in L.1 and 1.,r, on the 6th harmonic of 
tho 8-Mc crystaJ , and on no other frequency. 

Next connect the meter from the exposed ter
minal of C,. and ground, and apply plate and 
screen voltage to V2• Tune C~ for maximum am
plifier grid current, which should be around 2 
ma. Check wi th n wnvemeter to be sure that the 
drive is on the 18th harmonic of the 8-Mc. c.rys-

S,-Sing le-pole 5-position wafer switch. 
S0-Toggle switch mounted dose to RFC,. (Not in tra ns· 

mitter as shown.) 
S., S,- Toggle switch. (S, not in tra nsmitter a s shown.) 
T1-6.3-volt 6-amp. filament tra nsformer. 
T,- 6.3-volt 1.2-amp filament transformer. 

tal frequency. A check on the need for neutrali
zation, if any, should now be made. Tune the 
plate circuit of V 3 slowly through resonance 
while watching the amplifier g rid current There 
should be no drop in grid current as this is done. 
A downward flicker would indicate Feedback, 
which would require neutralization. This is 
easily done with a 6360 by soldering l1-inch 
pieces of insulated wire to the grid terminals, 
Pins 1 and 3. Bend the ends until they are ad
jacent to the plate terminals, 6 and 8, respec
tively, adjusting their position until the change 
in grid current as the plate circuit is tuned is 
eliminated. Normally the 6360 docs not require 
neutralization, and the exciter shown hero was 
completely stable without it, after the heater by
pass capncitor, e l l}> was installed. 

Now apply plate and screen voltage to the 
6360, and connect a dwnmy load to ].,, prefera
bly through a power-indicating s.w:i-. bridge. 
Adjust C9 and C10 for maxb:num power output, 
which should be 6 to 8 watts, with a 250-volt 
supply. Now, using a crystal frequency near the 
middle of the range over which you will nor
mally operate, tune all adjustments through c~ 
for maximum ampliller grid current, nnd Cu and 
C10 for best output. 
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Fig. 6-23-lnterior of the omplifior compartment. The 
grid inductance, upper right, is a st rip of coppor sup· 
ported at its left end by o button-mica capacitor and 
fastened to the grid terminal of tho tube socket at the 
right ond. The long piece of coax, loft, brings the am· 
plifier output to the roar of the chassis. The shorter 
section is used as a shielded high·voltage lead. Bias 
supply components aro in the left center portion of the 

chassls. 

It will be seen that input to the 6ARU 
pentodes runs only about the rated plate dis
sipation for the tubes. This makes for Jong 
tube life and trouble-free operation. The 6360 
also operates conservatively, yet its output is 
adequate to drive the final ampliller. The ex
citer may also be used as a low-powered trans
mitter, and it is well-adapted to portable work, 
since its total drain is only :'.I little over 100 ma. 
at 250 volts. Tllc output stage can be modu
lated with 6 to 10 watts of audio, or keyed in ]1 
for c.w. work. 

Amplifier Construction 

The final stnge l~ built on a 10 by 12 by 3-inch 
aluminum chassis, which when fastened to the 
5 by 10-inch exciter makes a complete 10 by 
17-inch assembly that can be rnck mounted. Our 
photographs were made before the panel was 
added, in the interest of ch1rlty. The construc
tion is extremely simple, and with the drawings 
of the grid and plate inductnnccs, Fig. 6-25, the 
builder should have little trouble in duplicnting 
the original. Arrangement of parts, other than 
in the r.f. circuits, is not important. 

The Eimac SK-620A socket has a shield ring 
enclosing the screen contacts, a feature that may 
contribute to the exceptional stability of this 
amplifier. Other air-system sockets leave the 
screen ring of the tube exposed, and thi~ has 
been a factor in neutralizing problems encoun
tered with various external-anode tubes of the 
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150-250 series in the past. The push-pull am
plifier for 144 Mc. described elsewhere in this 
chapter required shield plates alongside the 
tube sockets, in order to achieve complete stabil
ity. Neutralization of this amplifier, if needed, is 
described at the end of this section. 

The grid circuit is a short strap of copper, 
with its main portion about one inch a\vay from 
the chassis. One end is supported on a button
mica capacitor, C.13, and the other on tl1e grid 
terminal of the tube socket. The input coupling 
loop, Lw is supported on a tie-point strip adja
cent to grid line, the loop extending undemeatli 
the copper strip. 

The main portion of the plate line and 1·he 
stationary ptate of C1:. are a single piece of 
flashing copper. This is fastened directly to the 
chassis at the left end, as viewed in Fig. 6-21. 
Plate voltage is shunt-fed through RFC3 to the 
tube anode. A copper strap wrapped around tJ10 
anode supports the blocking capacitor, Cl 11 , 
which is bolted to both the pinto strap and the 
plate inductance, L13. At the grounded encl of 
Lrn may be seen the series capacitor, C 17, and 
the output coupling loop, L1.1• The nature of 
C tH is in1portant. It must be a trnnsmitting-type 
capacitor, capable of withstanding heat, high 
d. current and high voltage. The TV-type 
"doorknob" capacitor often used for this pur
pose on lower frequencies is definitely not rec
ommended for 144-~1lc. service. 

When the amplifier was placed in service at 
WlA W it was found that vibration of the plate 
line caused by the blower motor was a source of 
operational difficulties, so a ceramic standoff was 
mounted near the midclle of L13, to support it 
more rigidly on tl1e chassis. '~'e silver-plated nil 
the plate line components, but measurements 
made carefully before and after show only a per
ceptible improvement from the plating. 

The movable plate of C1r. is a 2lS-inch nlu
minum disk motmted on a ~-20 brass lead screw. 
A matching nut soldered to a copper plate is 
bolted to an aluminum bracket to provide a 
bearing and electrical ground. When the panel 
is in place a tension spring can be added ex
ternally, by slipping it over the brnss screw. 

Tl1e shunt-feed r.f. choke, RFC:o may be seen 
in a horizontal position beside the tube, level 
with the top of tl1e anode. lts back end is con
nected to a high-voltage feedthrough, ] . Un
der the chassfa the matching portion ol 11 ls 
connected to a similar fitting, ] ~· on tl1e hnck 
wall of the chassis, by means of coax used in 
lieu of high-voltage shielded wire. Another run 
of coax connects the output fitting, J,1, with the 
hot end of the output coupling loop, Lw 

The shield cover for the amplifier is a stnncl
arcl 7 by 12-inch chassis, notched to pass the 
shafts of C 15 and C 11, and held in place by wing 
nuts atop 6 3Jf-inch 6-32 threaded brass rods. 
These are fastened at the corners, and at the 
midpoint of each long side, with hex nuts above 
and below the main chassis surfnce. If you do 
your own metal-work you may be able to make 
a better shielded plate line than this; the dimen-
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Fig. 6-24-Hole loyout for the 
exciter chassis. Hole sizes are A
MI inch, 8-V.. inch C-3A inch and 
D- 1 inch. Because of variations 
in parts sizes, the builder should 
check with hi s components before 

drilling to these dimensions. 
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sions of ours were dictated by availnb le chassis 
sizes. The main chassis was polished wit11 emery 
paper and steel wool along the surface that 
makes contact with the cover. Good electrical 
contact is important here, and also at the 
grounded encl of the plate line. Tho folded -over 
encl of L 111 is clamped to the chassis with a 
metal strip and two screws and nu ls. 

For effective cooling with a small blower it is 
important that there be very low nlr leakage out 
of the main chassis, except up through the tube 
socket. To this end, the holes in the corners of 
the chassis, the overlaps at the 1..'0rners, and nll 
holes made in mounting the various parts were 
sealed with plastic cement. A screened hole Jn 
the top cover allows the warm air to flow out of 
the plate comparl111ent directly over the tube. A 
tight-fitting bottom cover is important for good 
cooUng, perhaps more than for shielding. 

The built-in bias supply, the audio choke in 
the screen lead, and the various components 
other than those in the r.f. circuits can be placed 
almost anywhere that suits the builder's fan cy. 

Firing Up 

The first step in placing the amplifier in serv
ice is to check the grid circuit. Input coupling is 
best adjusted with a standing-wave bridge con
nected in the line between 12 and J11• A milliam
meter should be between terminals 3 and 4 of 

Pv to read ampli6er grid current. The object 
now is to obtain optimum coupling into the am
plifier. 

Apply power to the exciter, which also acti
vates the amplifier bias supply. Leave the 
screen meter disconnected for the present, so 
that there will be no voltage on the amplifier 
screen. Adjust the exciter tuning and loading 
for maximum amplifier grid current. Now adjust 
Cll and C 12 for minimum reffected power on 
the s.w.r. bridge. If this is not zero, try various 
positions of L 11 with respect to L 12, readjusting 
their capacitors each time for lowest reffectc<l 
power. The best power transfer between exciter 
and amplifier will occur at this point. 

Adjust the bins control so that the amplifier 
grid current is 10 rna. or Jess, and apply plate 
and screen voltage to the ampli6er. Be sure that 
the amplifier is loaded at all times, to prevent 
excessive screen current. Satisfactory operation 
should be possible with plate voltages as low as 
700, witlt 250 volts on the screen. If lower plate 
voltage is used for initial testing, the screen 
voltage should be dropped also, to keep screen 
current below about 30 ma. Keep a 50-ohm 
dummy load connected to J4 at all times, and 
be sure that C1r, and C17 are adjusted so that 
power is being delivered to the load. Tube dam
age is more likely to develop from excessive 
screen dissipation than from anything that can 

f--~-----~- 9~·~~~~~~~~~~~~~--i 

I 

~W-J 

t------ 4·-----I 

Fig. 6-25-0etails of tho grid and plate inductances. 
The material is flashing copper, though brass or copper 
of heavier gauge may be used. Silver plating is op
tional. Approximate positions of coupling loops aro 

shown in broken lines. 
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happen to the plate in normal service, so keep a 
close watch on the screen meter, and be sure 
that dissipation is kept below 10 watts. 

Adjust the position of L14 with respect to L13 
for maximum output, readjusting the tuning and 
loading capacitors, Crn and C17 with each 
change in coupling. The tuning and the position 
of the coupling loop will change with various 
plate voltages, so final adjustment should be 
made with the plate voltage at the point where 
maximtun efficiency is desired. U an accurate 
bridge or watlmeter is avaifable, it should indi
cate operating efficiency in excess of 65 percent. 
Power output well over 300 watts was measured 
at 2000 volts, and 200 wntts at 1500 volts, with 
inputs of 500 and 300 watts, respectively. 

The amplifier can be run under a wide range 
of plate and screen voltage.~. bias and driving 
power, so long as none of the maximum ratings 
for the various elements is exceeded. With fixed 
screen supply, best e fficiency will be obtained by 
juggling tl10 grid bias, checking output mean-
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while. Keep tl1c final plate current below 250 
ma. and the screen current under 30. Screen 
current wilJ be progressively lower as the plate 
voltage is raised, and may even go negative at 
plate voltages above 1000 or so, particularly 
with low drive. If a separate variable screen sup
ply is used, there may be some advantage in 
using voltages above 250, so long as the screen 
dissipation is kept low. 

Neutralization can be added, if necessary, 
as follows: A feed-through bushing (National 
TPB ) is mounted under Li~· so that it projects 
through tl1e chassis under L12• A loop of wire 
about ~ inch on a side is connected from the 
bushing rod to the chassis, under L12. A brass 
capacitor plate about ~ by l inch is soldered to 
the top, under Lrn. Vary tl1c position of the loop 
with respect to L12, and tJ10 plate with respect 
to L1a, to achieve minimum r.f. feedtluough, 
with the exciter running nntl the amplifier having 
only heater voltage nppliccl. Check witl·1 a sensi
tive r.f. indicator coupled to / 3. 

A 40-WA TT TRANSMITTER FOR 220 MC. 

The crystal-controlled transmitter shown in 
Figs. 6-26 and 6-28 will run 30 to 40 watts at 
220 ~le. Referring to Fig. 6-27, a simple over
tone oscillator circuit uses one half of a 12A TI 
dual triode. The crystal may be between 8.15 
and 8.33 Mc. or 24.45 and 2-5 Mc. In ei ther case, 
tl1e frequency of oscillation is in the latter range, 
as the cryst:1 l works on its tl1ird overtone. The 
second half of the 12AT7 is a tripler to 73 to 75 
Mc. This stage has a balanced plate circuit, so 
that its output may be capacitively coupled to 
th.e grids of n second 12A TI, working as a push
pull tripler to 220 Mc. 

Though the oscillator-tripler circuit works 
well as shown, a revision of the transmitter was 
later made to use the 6CX8 oscillator-multiplier 
circuit of Figs. 6-14. The latter arrangement pro
vides better oscillator stability and more grid 
drive than the overtone circuit shown in F ig. 
6-27. The circuit remains the same from the 
plate of V 1,. on. 

The plate circuit of the push-pull tripler is 
inductively coupled to the grid circuit of an 

Fig. 6-26-Top view of the 220-Mc. 
transmitter. Fina l amplifier tube is in· 
side the cha .. is, below the screened 
ventila tion hole. Power connoclions, 
keying jack ond output terminal are 

on tho back of the chani5 

Amperex 6360 dual tetrode amplifier that runs 
straight through on 220 Mc. Similar inductive 
coupling transfers the drive to the grid circuit 
of the final amplifier stage, an Ampere.x 6252 
dual tetrode. Tills tube is a somewhat more effi
cient outgrowth of the 832A, which may also be 
used, though with lower cmclcncy and output. 
Base connections are the same for both tubes. 

The grid return of the 6252 is brought out to 
the terminal strip on the back of the unit, to 
allow for connection of a grid meter. Botl1 this 
point and the tip jack in the 6360 grid circuit 
have 1000-ohm resistors completing the grid re
turns to ground, so that operation of the stages 
is unaffected if the meters arc removed. 

Instability in tetrode :nnplillcrs for v.h.f. serv
ice may develop as a result of the ineffective 
bypassing of the screen. In the case of tl1e 6360 
stage stable operation was obtained with no by
passing nt all, while on the 6252 a small mica 
trimmer is connected direct ly from the screen 
terminal to ground. lt is operated near the mini
mum setting. 

0 • 
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Fig. 6-27-Schematic diagram and parts information for the 220-Mc. transmitter. Capacitor values below 
0.001 µf. are in pf. Resistors 1h watt unless specified. The 6CX8 oscillator circuit of Fig. 6-14 may be substi
tuted for that shown above, wilh improved stability and drive. 

C,-50-pf. miniature variable (Hammarlund MAPC-
50-8). 

c. c,. c.-8-pf. miniature butterfly variable (Johnson 
160-208). 

c., c,-3-30-pf. mica trimmer. 
C7-8utterfly varioble, 1 stator ond 1 rotor (Johnson 

167-21, with plates removed). 
C8-15·pf. 111iniature variable (Hammarlund MAPC-

15-B). 
J,-Tip jade, insulated. 
J,-Closed-circuit phone jack. 
J3-Cooxiol chassis filling, S0-239. 
L,-15 I. No. 20 tinned, 1h·inch d iam., 1 inch long (8 

& W Miniductor No. 3003). Tap al 4 turns from 

Construction 

The transmitter is built on nn aluminum plate 
6 by 17 inches in size. This screws to n standard 
chassis of the same dimensions, which serves as 
both shield and case. Cut-outs about three 
inches square are made in the chassis and base 
plate, above and below the tube, to allow for 
ventilation. These openings are fitted with per
forated aluminum or screening to preserve 
shielding. The case should be equipped with 
rubber feet, to avoid marring the surface it rests 
on, and to allow air circulation around the tube. 

The tube sockets and all the controls except 
the tuning capacitor of the oscillator are 

crystal end; see text. 
l,-12 t. No. TS tinned, ¥:-inch diam., 1 inch long, cen· 

ter-topped. 
L., L., L,,. 1,,-U-shoped loops No. 18 enam., conter

tapped. Dimensions given on drawing. 
L.-2 t. No. 14 e.nam., l·inch, l·inch diom., leads% inch 
. long. Ce~ter-topped, •Pace turns ¥.i inch apart. 

L.-1 t. No. 18 enam., inserted between turns of L1• 

Cover w.ith insulating sleeving. 
R,-23,500 ohms, 2 watts. (Two 47,()()().ohm 1-wott 

resistors in parallel.) 
RFC1-25 t. No. 28 enom. on 1-wott high·volue reoislor. 

mounted along the center line of the cover 
plate. The 220-Mc. stages are inductively cou
pled, using hairpin loop tank circuits the dimen
sions of which are given in Fig. 6-27. Tho tun
ing range of these circuits is affected by the 
widths of the loops as well as their length, so 
some variation can be bad by squeezing the 
sides together or spreading them apart. 

It is important that the method of mounting 
the 6252 socket be followed closely. An alu
minum bracket about 21~ inches high and 4 
inches wide supports the socket. Note that the 
socket and tube are on the same side of the 
plate. Holes are drilled in the plate in line with 
the control grid terminals to pass the grid leads. 
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These holes arc %-inch dfameter, and are 
equipped with rubber grommets to prevent ac
cidental shorting of the grid leads to ground. 
The shape of the grid inductance should be such 
that it leads pass through the centers of the 
holes. The socket is supported on iYlo-inch metal 
pillars. It may be necessary to bend the socket 
lugs slightly lo keep them from shorting to the 
mounting plate. The heater lead comes to the 
lop of the plate, and tllc cathode lead bends 
around the bottom of it. 

Power leads are made with shielded wire, nnd 
arc brought out to a terminal strip on tho back 
of the chassis. These leads and the coax to the 
output connector should be long enough so that 
the plate on which the transmitter is built can 
be lifted off the chassis and inverted as shown 
in the photograph. 

Adjustment 

Initial test should be made with a power sup
ply that delivers no more than 250 volts, and as 
little as 150 to 200 volts can be used. If the 
voltage is more than 250, insert a 5000-ohm 10-
watt resi~tor in series with the power lead tem
porarily. Plate voltage should be applied to the 
various stages separately, starting with the os
cillator, making sure that each stage is working 
correctly before proceeding to the next. 

A milliammeter of 50- to 100-ma. range should 
be connected temporarily in series with tl1e 
1000-ohm resistor in the oscillator plate lead. 
When power is applied the current should be 
not more than about 10 ma. Rotate C1 nnd note 
if an upward kick occurs, probably near the 
middle of the range of C 1. At this point the 
stage is oscillating. Lack of oscillation indicates 
too low feedback, or a defective crystnl. Listen 
for the note on a communications receiver tuned 
near 24 Mc., if one is available. There should 
be no more than a slight change in frequency 
when a metallic tool is held near the tuned cir
cuit, or when the circuit is tuned through its 
range. The note should be of pure crystal qua!-

TRANSMITIERS AND EXCITERS 

ity. If there is a rough sound, or if the frequency 
changes with mechanical vibration, the oscilla
tor is not controlled by the crystal. This indi
cates too much feedback, and the tap on the 
coil, L 1, should be moved near the crystal end. 

The proper amount of feedback is the lowest 
tap position that allows the oscillator to start 
readily under load. If 24-Mc. crystals are used, 
the tap can be lower on the coil tJian with 8-Mc. 
crystals. When 8-Mc. crystals are operated on 
tlle third overtone, as in this case, the frequency 
of oscillation may not be exactly three times 
that marked on the crystal holder. 

Now apply plate voltage to the second hall of 
the 12.ATI, again using a temporary plate meter 
connected in series with the 100-ohm decoupl
ing resistor that feeds plate power to L2• Cur
rent will be about 10 ma., as with the oscillator. 
Tune C2 for maximum output. This can be de
termined by brilliance indication in a 2-volt 60-
ma. pilot lamp connected to a 1-turn loop of 
insulated wire coupled to L 2• Check the fre
quency of this stage with a wavcmeter. 

Now connect a low-range milliammeter (not 
more than 10 ma.) between the test point, J1! 

and ground. Apply power to the push-pull 
tripler, again using a temporary rnilliammeter 
connected in the lead to the plate coil, L 3. Tune 
tl1e plate circuit for maxinrnm indication on the 
grid meter. Plate current will be about 20 ma. 
Adjust the position of L3 with respect to L4 for 
maximum grid current. Now go back over all 
previous adjustments and set tJ1cm carefully for 
maximum grid current. Adjust the balancing 
padder, C3, retuning C2 each time this is done, 
until the combination of C2 and C3 that gives 
the highest grid current is found. Check the fre
quency to be sure that the stage is tripling to 
220 Mc. 

Now apply power to the 6360 i1late circuit, 
again using the temporary meter to check the 
current. Connect the low-range milliammeter 
between the grid-metering terminal on the con
nector strip and ground. Set the screen trinlmer, 
C6, near minimum, and tune the 6360 plate cir
cuit for maximum grid current. With 300 volts 

Fig. 6-28-lntcrior view of the 220-Mc. trans
mitter. All r.f. components ore mounted on 
an aluminum plate, which is screwed to the 
top of a standard 6 x 17·inch chossis. 

The crystal oscillator is at the far right. 
Next lo the left is the first tripler plate coil, 
mounted over its trimmer, with the mica 
balancing padder, C., above. The 12AT7 
tripler, the test point, J., the tuning capacitor 
C., the tripler plate and amplifier grid loops, 
L, and L., the 6360 socket, the 6360 plate 
ond amplifier grid loops, the 6252, and its 
tuned cirC\Jils follow in thot order. 
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on the p receding stages, it should be possible to 
get nt least 4 mll. Adjust the spacing between 
Lr. and La carefully for maxilllum grid current, 
retuning C5 each time this is done. Plate cur
rent should not exceed 55 ma. 

Check for neutra lization of the final ampli1ier 
by tuning C7 throug h resonnnce while watching 
the grid-current meter. If there is no change, or 
only a slight rise as the circuit goes through reso
nance, the stage is near enough to neutraliza
tion to apply plate power. The 6252 has built-in 
cross-over capacitance, intended to provide neu
traliz.1tion in the v.h.f. range, so it is likely to be 
stable at this frequency. If there is a downward 
kick in the grid current at resonance, adjust the 
screen trimmer until it dist\ppears. If best neu
tralization shows at minimum setting of the 
screen trimmer it may be desirable to eliminate 
the trimmer. 

vVith an antenna or dummy load connected 
at J3, final plate voltage can be applied. Tune 
the final plate ci rcuit for maximum output, with 
a meter of 100 ma. or higher range connected 
to read the combined phtte nod screen current. 
This meter may bG connected in the power 
lead, or it can be plugged iulo the cathode jack. 
In the la tter position it will read the combined 
p late, screen and grid currents. Tune for maxi
mum output and note the plate current. If it is 
much over 100 mn., loosen the couplfog be
tween L 7 and L8. The input should not be over 
50 watts at this frequency. 

A final check for neutra lization should now be 
made. Pull out Lhc crystal or otherwise disable 
the early stages of the transmi tter. T he grid cur
rent and output should drop to zero. If tbey do 
not, adjust the screen trimmer until they do. 
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~lake this test only very briefly, ns the tubes will 
draw excelisive current when d rive is removed. 
·when perfect neutralization is achieved, maxi
mum output will be found at a setting of C7 at 
which plate current is at a mininium and grid 
current at maximum. 

Operation 

All stages should be run as lightly as possible, 
for stable operation and long tube life. No more 
than 300 volts should be run on the exciter 
stages, and if sufficient grid drive can be 
obtained, lower voltage is desirable. The 6360 
stage runs with rather low drive, and its effi
ciency is consequently poor, but it delivers 
enough power to drive the 6252, even whe11 run 
at as low as 250 volts, if all stages are operating 
as they should. 

Observe the p lates of the tubes when the 
transmitter is operated in a darkened room. 
There should be no redclen.ing of the plates. If 
one side of any of the last three stages shows 
red and the other does not it is evidence of un
balance. This can usually be corrected by Lld
justment of the bahlncing trimmer, Ca, in the 
first tripler plate circuit. Lack of symmetry in 
lead lengths or unbalanced capacitance to 
ground in any of the rJ. circuits may al~o lead to 
lopsided operation. 

Though the 6252 is rated for up to 600 volts 
on tl1e plates, it is recommended that no more 
than 400 be used in this application, particu
larly if the stage is to be modulated for voice 
work. In the latter case, the plate-screen cur
rent of the 6252 is run through the secondary of 
ll1e output transformer on the modulator having 
an output of 20 watts or so. 

EXCITERS AND AMPLIFIERS · 

The preceding r.f. units in this chapter are 
mainly for use as complete transmitters, requir
ing only power supplies and speech equipment, 
if used, to make them rendy for service. T his 
does not preclude lifting ideas from them for 
use in exciters or amplifiers of one's own design, 
of course. The items to follow will suggest more 
such ideas. T hey were designed for use wi th no 
specific companions units. Some could be tied in 
with parts of transmitters just described, or with 
one another- or they can bo adapted for use 
with entirely dilTcrent equipment, so long as the 
power levels match. 

Perhaps you have built the 144-Mc. transmit
ter of Fig. 6-13, and are now looking for an in
expensive amplifier to boost your power to about 

tl1e 100-watt level. The 829B amplifier of Fig. 
6-33 may be what you need. If you built both 
the 50- and 144-Mc. units and Dow want a big 
signal on both bands you're n good prospect for 
the powerhouse amplifiers of Fig. 6-38. It is 
worth noting that though these amplifiers are 
designed for service at 1 kilowatt input, they 
work 'vell a t much lower levels. T hey arc useful 
for any m ode. 

Would-be v.h.f. sideband operators will find 
the heterodyne unit of Fig. 6-29 of interest. 
Though shown for operation with a 50-Me. 
s.s.b. exciter, it requires only suitable moclillca
tion of the mixer cathode circuit and the oscilln
tor-multiplier frequencies to work with h.f. side
band gear. 

A HETERODYNE EXCITER FOR 144 MC. 

This 3-tube r.f. unit was buil t primarily to de
velop s.s.b. d rive on 144 ~le. from a 50-Mc. 
sideband source, but it cnn be used advantnge-

ously in several ot11er ways, since it will repro
duce a 50-Mc. signal of any type on 144. lf the 
50-Mc. rig is v.f.o. controlled the 144-Mc. signal 
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Fig. 6-29-Conversion unit for duplicat
ing a 50-Mc. signal on 144 Mc. Two tubes 
ot the left and center comprise the oscil
lotor, multiplier, omplifier and mi!<er 
sloge._ At the right is the 144-Mc. output 
amplifier. Provision Is mode for metering 
all stages by mean• of lip jades and lest 
points. Note crystals loped together to 
-prevent loss of the one not in use, 

will have the same stability as the 50-i\ le. one, 
and the dial calibration is the same for both 
bands. 

The conversion process is similar to that in
volved in a 1'14-~lc. receiving converter in
tended for use with a 50-1\Ic: tunable receiver. 
In fact, the first stages of this unit could be used 
in that way, following t11e general layout of t11e 
144-i\fc. transvcrter described in Chapter 7. The 
heterodyning signal is on 94 Mc. This is fed to 
the grids of a mixer, the cathodes of which arc 
driven on 50 Mc. by the exciter used for work 
cm that band. The two frequencies add, provid
ing 144-Mc. output ln the mixer plate circui t. 
(The mixer also would give 94 minus 50, or 44 
Mc., but this product is rejected by the tuned 
circuits.) 

Circuit and Layout 

The schematic diagram, Fig. 6-30, and the 
bottom view, Fig. 6-31, may be "read" from left 
to right. First wn have a simple triode crystal 
oscillator, V 1 "' on 47 .0 or 47.5 Mc., depending 
on the crystt1l, Y1• The 47-Mc. plate coil, L 1, 

and its tuning capacitor, C1, are in t11e upper 
left comer of the picture. The second triode of 
V 1 is a doubler to 94 or 95 Mc. I ts tuned cir
cuit, L 2C2 , is seen adjacent to the oscillator, but 
with its axis perpendicular to L 1• Inductively 
coupled loosely to l,2 is L 3, the grid circuit of a 
94-Mc. amplifier, V10 . On the right side of the 
first tube is the amplifier plate circuit, Lr.C 3, 
straddled by Lu, the split grid coil of the mixer, 
V 2. Ilclow the mixer tube is the 50-Mc. input 
circuit connected to t11c mixer cathodes. 

From here on the layout and circuit look like 
any other low-powered 144-Mc. transmitter. 
The amplifier grid coil , L8 , is purposely made 
too small to resonate in t11e 144 to 146-Mc. re
gion with the input capacitance of the 6360, V :i· 
Being on the high-frequency side of resonance, 
it offers little feedback coupling to the output 
circuit, even t11ough there is no shielding be
tween the two. The amplifier plate circuit, L!p

7
, 

is at the far ri1d1t. Output is taken off through a 
series-tuned link, L 10C8• 

Positioning of the vnrious coils is important. 
Note that coils nre placed so that unwanted 
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coupling between circuits is kept down, even 
with a fairly compact layout. It is suggested tJlis 
principle be followed unless the builder is will
ing to cope with a new set of neutralization 
problems. 

The oscillator and doubler circuits are stand
ard practice. ln the grid circuit of the 94-}.lc. 
amplifier, the input capacitance of the 6}.ll l 
pentodc was too high to permit resonating L3 at 
94 1'£c. in Lhc usual way. Some checks with a 
variable series capacitor showed that a coil the 
same s.i:t.e ns in t.he previous plate circuit could 
be resonntcd nt 94 Mc. with about 10 pf. in se
ries, so the fixed capacitor shovm in Fig. 6-2'! 
was used. Only a small amount of energy is 
needed for the mixer grids, so neit11er the tuning 
nor the coupling between circuits is at all 
critical. 

Getting lhc 94-~·fc. amplifier to operate in a 
stable manner is mainly a matter of achieving 
ground potcntfal for r.f. at the screen. This is 
clone with the series circuit, L .1C 4, the setting of 
which is not particularly fussy. Coupling be
tween Lr. and Lo should be adjusted to the mini
mum that will provide satisfactory output from 
the mi.xer. }.fake sure that both circuits actually 
tune, as it is possible to get enough output with 
one or the other not actually peaking. Best re
jection of unwanted frequencies will not be as
sured unl c.~s the circuits are tuned to the de
sired frequencies. 

Coupling between L; and L 11 should also be 
as loose as it cnn be and still provide adequate 
drive for the 6360. Drive requirements depend 
on the cl:iss of operation of the output amplifier. 
For anylhing but Class-C conditions adequate 
drive is very easily achieved. Herc again, be 
sure that L 7 actua.lly tunes through the desired 
frequency, in order that rejection of unwanted 
frequencies will be at a maximum. 

Construction is on a standard 5 by 10-inch 
aluminum plate and 3-inch chassis. A layout 
drawing, Fig. 6-32, is given for those who ,.,.ish 
to make an exact duplicate. To check every cir
cuit during the adjustment phase of tl1e project, 
an unt1sual combination of feedtlirough bypasses 
and tip jacks is used. Oscillator plate current is 
measured by plugging a meter into ] 1 and clip-
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ping to the exposed terminal of C9. All other 
plate cun ents may be read by plugging one side 
of the meter into 12 and connecting to C 10, for 
doubler plate current, C 11> for 94-Mc. amplifier 
plate current, C 1.,, mixer plate and screen cur
rent, or C 13, amplifier plate and screen current. 
Amplifier grid current, if any, is checked at l:i 
and J4 • A table of operating conditions is given 
later. 

Bias for the mixer and output amplifier is ob
t11incd from n small 2-2J~-volt battery. Bujldcrs 
mny prefer some other bias source, but the bat
tery does the trick sLmply and inexpensively. 
There is no current drnin, and it mny even be 
charged a bit when the amplifier runs into 
Class-C conditions, so liJe should be long and 
voltage conslanl. Just be careful not to short out 
the battery when workLng on the unit. 

The 6360 amplifier operated satisfactorily 
without extcrnnl neutralization, but a small 
amount was added when a slight reaction on 
amplifier grid current was noted as the plate 
circuit was tuned through resonance ,,,,;th volt
age off. The grid and plate leads are crossed 
over inside the 6360, providing inherent neu
tralization in the v.h.f. range, so only a tiny 
amount of additional capacitance is needed. A 
half-inch wire is soldered to each grid terminal, 
nnd bent over toward the adjacent plate ter
minal. The position is ndjusted until reaction on 
amplifier grid current is cHminated. For circuit 
simplicity, this ncuLrnlization is not shown in 
Fig. 6-30. 

Adjustment and Use 

It should not bo taken for granted that the 
hetcroclyning nppronch is for the sideband op
erator alone. Given any of the popular smalt 
50-Mc. transmitters, homebuilt or commercial, 
this heterodyne unit \vill duplicate its signal on 
the 144-Mc. band at n comparable power level. 
You'll need no big batch of crystals or two sepa
rate v.f.o. units to give coverage of both bands. 
If you're a Technician or Novice at present, use 
only the 47.5-Mc. crystal in the oscillator-mul
tiplier. Heteroclyning from 50-Mc. frequencies 
will start your coverage at 145 Mc. A crystal that 
gives operation on 50.2 Mc. will put you on 
145.2 Mc., and so on. A v.f.o. that covers 50 to 
51 Mc. (not for Novice use, of course) will give 
you coverage of 145 to 146 Mc., wruch can be 
extended to 144 Mc. with the insertion of the 
47-Mc. crystal at n suitable time. 

The output stage of the conversion unit can 
be run as a linenr amplifier for sideband, c.w. or 
n.111., or it can be driven into Class-C conditions 
for higher efficiency on c.w. Plate modulation 
may be applied in the usual way for high-effi
ciency a.m. service. The linear way will prob
ably be the more attractive to most users, 
however, as it clLminatcs the heavy and power
consuming audio equipment. If your 50-Mc. rig 
is plate modulated, you can make provision for 
switching the audio power over from its Anal 
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stage to that of the conversion unit. 
Initially we ran the 50-i\k. energy into the 

mixer grids and applied the 94-Mc. injection to 
the cathodes, but it was easy to saturate the 
grid~ with the swinging drive from the 50-Mc. 
sideband rig. With the circuits swapped around 
as shown, the mixer takes the full output of an 
HX-30 (about 2 watts a.m. or 6 watts s.s.b.) 
without flat-lopping. Output is several times 
what it wns with the otl1er arrangement, and 
linearity is (1x tremely good. Every circuit tunes 
uncriticall )', and it is possible to set up almost 
on-the-button merely by peaking t11e circwts to 
approximate frequencies with n grid-dip meter. 

The various operating voltages are brought to 
a terminal strip visible Ln the upper center por
tion of Fig. 6-31. In firing up the unit apply 
plate power lo one stage at a time, beginillng 
with the oscillator. This stage works simply, 
showing the usunl sudden downward kick in 
plate current from about 12 to 5 ma. when the 
crystal starts oscillating. Set C 1 so that oscilla
tion stnrL~ every time vol tage is applied. 

U you h:ivc a grid-dip meter you can set all 
following circuits close enough without apply
ing power to the unit. The dip meter can also be 
u.se<l to indicate power output relatively from 
the various stngcs, and to determine that output 
is on the tlesirccl frequencies. 

The pentodc amplifier should be checked for 
stabitity by removing power from the preceding 
stages briefly and watching the doubler plate 
current while tuning Ca. Should any fluctuation 
appear, adjust C.1 to stop it. 

\:Ve nrc now ready to "mix" and to obtnin out
put on 144 Mc. Feed 50-Mc. power into ]6 . 

Wit11 power on V 1 and V 2, check for output on 
144 J\fo. at L7. A pilot lamp connected to a loop 
of insulated wire wrapped a.round L7 may be 
used temporarily as an output indicator. When 
output has been obtained, connect a one-ma. 
meter to ]~ and ]4 , and look for amplifier grid 
current. Leave plate and screen voltage off the 
6360 for the moment. 

The lead from l 3 can be removed from the 
negative tcm1innl of the bias battery and con
nected to tho chassis, to make it easier to obtain 
grid current for purposes of adjustment, if nec
essary. Peak all adjustments for maximwn grid 
current, making sure that this drive is on the de
sired frequency. You'll need something larger 
than a onc-mn. meter if everything is working 
correctly, or you can reoonnect the bias battery 
once you have obtained a reasonable current 
reading. Opemtion of the amplifier from here on 
is exactly like it would be in a conventional 
transmitter. 

When the conversion unit is used for sideband 
or a.m. tho 6360 operates as a Class AB 1 linear 
amplilicr. Thus the drive must be kept below the 
level at which i,rrid current starts to flow. In driv
ing an amplifier like tl1e 144-~lc. 4CX250 am
plifier described in this chapter, it is not neces
sary to drive the 6360 Lota grid current for any 
class of service. On c.w., for example, it is possi-
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Fig. 6-31 - lnterior of the 144-Mc. heterodyne exciter. 47· and 94-Mc. circuits ore at 
the left, the mixer in the center, ond 144-Mc. omplifier at the right. 

blc to develop 600 watts output from the 
4CX250s with the 6360 stage ruru1ing Class 
AB 1 (no grid c11rrent) . If a harder-to-drive finnl 
stage i8 used it may be necessary to push the 
6360 into Clnss-C conditions for full-power c.w. 
work. This will also be necessary if the 6360 is 
to be plntc modulated. 

In prnctice, it is convenient to use the output 
control on the 50-}.lc. exciter as the sole means 
of controlling the operation of the conversion 
unit, whether the mode of operation be side
band, c.w. or a.m. Keying for c.w. is done in the 
50-~lc. exciter, and modulation of the signal is 
also done there. \Ve have encountered no line
arity problems in the mLxer or its following am
plifier nt nny level of operation needed wi th the 
4CX250 p ush-pull nmplifler running at power 
output levels from 50 to 600 watts. 

The conversion unit is plugged .into a power 
supply desii;,1J1cd for tJ1e 2-band stAtion de
scribed in Chapter 7. Power is left on the setup 

during all operating time, as the current drain 
without 50-Mc. drive is well below the rated 
cHssipation o.f al.I tube elements. Any power sup
ply capable of delivering 250 to 300 volts at 
100 ma. and 150 volts, regulated, should be 
satisfactory. Some typical operating conditions 
are : 

Oscillator plate current: 12 ma. without crystal 
oscillating; 5 ma. with. 
Doubler plate current: 8 ma. 
Amplifier plate current: 10 ma. 
Mixer plate a11d screen current: 15 ma. with no 
50-:\ lc. drive; up to 20 ma. with maximum drive. 
6360 Amplifier plate and screen current: 25 ma. 
with no 50-Mc. drive; '18 ma. for operation as 
linear amplifier; 70 ma. max. for Class-C c.w. 
Amplifier gricl Cttl'rent: None, except for Class-C 
operation; about 1.5 mn. max. 
Out.put: 6 wau·s c.w., sideband or plate-modu
lated a.m.; 2 watts n.m. linear. 

Fig. 6-32- layout d rawing showing prin· 
cipol hole locations and sizes, for those 
wishing to make o duplicate unit. Hole 
sizeo: A- 1 inch, B-"A inch, C-14 inch; 
others Va inch. Chassis and plate aro 

5 by l 0 inches. 
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AN 829B AMPLIFIER FOR 144 MC. 

The dual tetrode known variously as the 829, 
829B and 3E29 has been a fixture on the v.h.f. 
scene for many yems. Commonly available on 
the surplus market since the end of World War 
11, it is still one of the better v.h.f. amplifier 
tubes in tJ1e 100-watt class. At surplus prices, it 
is a lso the cheapest. Inclusion of a ra ther old 
2-meter amplifier in tJ10 first edition of this man
ual showed tJ1 (1t there is still a considerable in
terest in this tube, so this modern version by 
WlCEH, Figs. 6-33 to 6-37, is p resented here . 
It features complete shielding, a recessed socket 
with shield ring, for isolation of the grid and 
plate circuits, and a metal strap plate circui t, 
for improved efficiency. 

This ampli6er was designed speci£cally for 
tlic 829-series tubes, but there are several other 
types that could be used, with minor modifica
tion of tJ1e design. The 5894 is a more efficient 
dual tetrode, capable of somewhat more power 
than t11e 829, and requiring less drive. Because 
of lower input and output capacitances, it will 
require more inductance in L 2 and L3. The 
832A, a smaller vers ion of the 829 taking lower 
power and less drive, is also usable. 

Construction 

The ampliuer is bt1 il t on a 3 by 5 by 10-inch 
aluminum chassis, with an aluminum cnge on 
top, 9~ inches long, 4 inches wide and 4~ inches 
high. Holes in t11e sides and rear of the top com
partment, at tbe tube end, allow for air circuJa
lion. T he cover is perforated ahuninum, permit
ting the heat to rise from the tube, as cool air 
moves in from the side holes. 

The 829B socket is an E. F. Johnson Type 
122-101, designed for recessed mounting. Leads 
from the socket terminals l , 4 and 7 to ground 
are ~-inch \\icle strips of copper or brass, to re
duce lead inductance. The .001-µf. capacitors at 
Pins 3 and 5 nre returned to Pin 4, using d1e 
shortest possib le leads. T he grid coil, L.,, is 
mounted d irectly on the socket terminals, ~vith 
the link, L1, inserteu between turns at the center. 
A 3-lug terminal stdp attached to the rear wall 
supports C1 aud l 1• A 5-terrninal barrier st·rip on 
tJ1c outside rear wall is used for power supply 
connections. 

Coaxial connectors for input and output are 
on opposite sides of the rear of tlie chassis. A 
UC-106/U shiclu hood covers t11e back of ]"' to 
isolate it from ], nnd preven t stray coupling be
tween the inpu t aod output. The lead from ]0 to 
the feed -through terminal and die high-voltnge 
lead from the barrier strip to its terminal up front 
are made with coaxial cahle. 

Details of the p late circuit assembly and top 
enclosure are given in Fig. 6-37. The top edges 
of the plate line, L0 , are soldered the full length 
of the stator posts of C,, for minimum stray in
ducta nce at tJ1is point. The tuning capacitor is 
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Fig. 6·33- The 829-S amplifier, with its 
shield cover in place. Air circula tion is pro
vided by the screened holes ond cover. 

supported on a plas tic mounting block, which 
has narrow slots for L •. These can be cut in the 
plastic wi th a keyhole saw, after drilling starting 
holes at tho top. See detail B. If Teflon of sui ta
ble thickness is availab le, it would be ideal for 
this support, as it is impervious to heat of the 
order encountered here. Plexiglas and other 
clear p lastics are usable. 

Tefl on shafti ng would also be best fo r the rod 
that is to nm from C0 out through the front 
panel. Wood dowelling is also suitable. Do not 
use metal stock, as it would be closely-coupled 
to L,. The rotor of C, must be isolated from 
ground. 

The low-impedance end of L. is supported on 
a 1-inch ceramic p illar. Mount a No. 6 spade 
bolt at the exact center of the U bend in L,, 
thread the standoff onto this, and then bolt the 
bottom of lhc insulator in place. The coupling 
loop, L ., is supported on the stator post of c. 
nnd the feed-through bushing to which the coax 
to J, is connected, on the m1derside of ilie chas
sis. C, is 1m the front wall of the shield enclo
sure, so L , is soldered to it after t11e cover is in 
p lace. 

The plate line was made of sheet brass, and 
then silver plated . Flashing copper wiJI work 
equally well. If not plated, it should be polished 
tl10roughly, and then coated \YitJ1 clear lacquer 
to reduce tarnishing. The lacquering should be 
done only after the assembly job is complete. I t 
will be seen from detail C, F ig. 6-37, tlia t there 
are two strips of thinner stock bolted to t11e ends 
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829-B Operating Conditions 

Sero.ice E,, Ip E1. I,. Eg 
(mfniis) 

·50v. 
$Ov. 
l8v. 

(Ma.1:.) 
Class C-c.w. 750 v. 160 ma. 200 v. 17 ma. 7ma. 

7ma. 
0 

Class C-a.m. 600 v. 150 ma. 200 v. 16.ma. 
Cfass AB1-s.s.b. 600 v. HO ma. 200 v. 26 ma: 

no s1g. 40 ma. {reg.) 4 ma. 

Maximwµ plate input for a.m. lineaF: a-bout 40 watts; Class· ABl 

of l he. siuf material ol L,,. .Holes for these hCilt§ 
shoiild b e liirger tlrnn neeCTed. so that tl1e finf!', 
't:Jie str.aps, and the Falinst'ook cijp'S for the pfate 
connections ·cau lie assembled loosely ~t first, 
then tightened in a position such tliat no strain 
is placed on the tube plate pins. Be sure that 
the tube is seated properly in the socket before 
the final tightening of the line assembly . 

Adjustment and Use 
Tl)e rui1plifie.r may oe ddven in Class-C ser

vice with any exciter delivering 3 to 10 wafts 
output. Operating conditions and maximum 
plate voltages for c .w., a.m. and s.s.b. service are 
given below. The 829B works well at lower phtte 
voltages, and is often operated at about 400 to 
450 volts in v.h.f. applications. The maximum 

. Fig. 6-34-Top of the amplifier chassis, as seen from the rear with the shield cage removed. The output 
link with its block spoghntti tubing is {ust below the U-shaped plate tank inductor. The loading control, 

C3 is mounted an the shield cage and is not shown here. 
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Fig. 6·35-Looking into the bottom of t he chassis. The feed through bushings for plate power and r.f. output 
ore at the left . Coax coble is used for the high voltage d.c. lead. Wide copper stro ps ground the filament 
ond cathode pins of the tube socket. A hood over t he back of 12, lower right, helps isolote the input from 

the output. 

plate current nt 450 volts is 200 ma., and this 
ampli fier delivers :ibout 55 watts outpu t this way. 
A suitable supply for this voltage level can be 
made with n TV receiver power transfom1er. 

Many amnteurs look for a linear amplifier that 
can be used with the small a.m. transmitters 

AMPLI FIER 

EXCEPT .AS IHOICATEO, DECIMAL VALUES OF 
CAPACITANCE AR E IN MICROFARAOS ( }Jf. }; 
OTHE R S ARE IH P ICOFARADS ( pl. OR,u,ul.~ 
RE SI STANCE S ARE IN OHMS; K • 1000. 

commonly used in v.h.f. communication. This 
amplifier will operate as a linear, but wtless the 
exciter is very low-powered the step-up may not 
be attrac tive. Output in a .m. linear service is no 
more than half the maximum safe plate dissipa
tion for the tube used. This means that an 829B 

M4 - 14'8 Mc. 

OUTPUT 

PLATE 
SCREEN 

GRI O 

HEATER 
GROUND 

Fig. 6-36-Schemotic diagram of the 2-meter amplifier. 

c ,-27-pf. si lver mica. 
C0- l 8 pf. per section, butterfly va riable (E. F. Johnson 

167 -22 with 3 sta tor plates removed from each 
side. Also, two rotor plates ore removed). 

c ,-50-pf. variable (Millen 20050). 
C,,-0.00·1-µf. tra nsmitting ceramic (Centrolab 8585). 
c ,, c.,- 0.001 .,,f. 1000-volt disk. 
J ,, J: - 50·239 connector. 
L,-2 turns No. 22 insu lated hookup wire in center of L, . 

L,-5 turns No. 20 tinned wire, 5/16-inch diameter 
~ inch long (see text). 

L,.-Plate inductor. Sec Fig. 6-37 for dimensions . 
L,-6.inch length of No. 12 enam. wire bent into o U 

with 114-inch spoci ng between sides {cover with 
spaghetti tubing). 

RFC ,, RFC0-2.7-µ h. choke (Millen 34300-2.7). 
RFC,.- 0.8-µh r.f. choke (Millen 34300-.82). 
TB,-5-terminol barrier strip (Millen 37305}. 
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t--- ---9 112"- ----LALUM. ANGLE 

( A ) 

(8) 

r · - ., 

:o oi ALUM. 
1 1 STRI P 
: i1NSIDE o 
I I 

$ 0 :oo: ~) 

)0.6SPADE~ 
BOLTS. 

A LUM. SCREEN 
(USE FOR TOP COVER TOO ). 

PLEXIGLASS 
( 1t a" THICK OR 

GREATER) . 

TO HOLO COVER. 

l /a" DIA. ( ALIGtl WI TH 
Ci SflA FT l . 

' II{ DIA. 

( C ) 

N0. 10 GAUGE 
IOR THICKER) 

COPPER OR BRASS. 

Fig. 6-37-A-Genoro l loyout of th e shield box i• shown o t A. The box is mode from No. 16 go uge 
aluminu m stock. B- Detoils of the mounting block which su ppo rts C, ond L, . C-Dimensions for L• ond its 

connecting strips (see text). 

line:ir i~ limited lo about 15 watts Olltput on n.111., 
which mny be good enough for use with a !-watt 
transistor rig, but no t very ;1ttractivc a t higher 
levds of exciter power. For more on linear am
plifiers, their uses and limitations, see the pre
ceding chapter, :ind "Tips on Lincars" later in 
this one. 

Screen voltage should be r<:>gula ted , in linear 
service, either n.m. or s.s.b. For c.w., f.m. or 
high-level a.111. , the screen c:tn be supplied 
tl1rough a dropping resistor from the plate vol t
age source. T he value will dep('nd on many fac
tors, but should be nbout 10,000 ohms at low 
plate voltages, rising to 35,000 nt the high end 
of the range. Grid bias may also vary, and it 
may be obtained frorn a bias supply, or from a 
g rid resistor (connected between RFC, and 
Tenninal 3 of the barrier strip) or both. In s.s.b. 
or a.m. linear service, it preferably should be 
regula ted and ncljustable. 

Any te trode amplifier can be rnn under widely 
varying conditions, so it can be udj11s tccl to give 
optimum results wi th the power supplies you 
rnay have available, for modes of emission you 
are most interested in. The "typical operating 
conditions" listed in tube tables nre guidelines, 
not law.s. But when the tables say "i\faximum 
Ra tings," th ey mean it! 

To adjust the 8:29B amplifi er, npply hert ter 
voltage, and then connect the exciter to ] ,. Con
nect a milliammeter between T erminals 3 and 5, 
nnd tum on tl1e exciter, noting the grid current. 

Adjust the position of L, with respect· to L~, and 
the t11rn spacing of L,, for maximum grid cur
r!'nt. Now lune the pliltc circuit slowly throui::h 
it~ range, w:ttching the grid current. There may 
he a slight rise a t resonance, but no downward 
c.lip. The latkr wo11ltl indicate need for neu
tra lization, which was no t rcq11ired in this vcr
~ ion. G rid current should run 7 to 12 ma. for 
C l:iss-C service. It may be more in the s tatic 
condition, :ts it will drop some when the ampli
ner is actually running, and loaded. 

If neutra li:t.:llion is needed, run wires from the 
grid tcrminnls of the socket up to the top of the 
chnssis on fc:ecl- throus::h bushings, nnd then 
hring wires up 11 lo11gsicle the tube envelope ad
jacent to ea<.: h pinto. The wires arc cros~ed over 
under the chns.~is, nncl the desired feedback is 
obtained by varying the position of the top wires 
with respect lo the tuhe plates. 

A lnmp load mny he connected across ]" for n 
rough indicntinn of power ou tput, though a good 
dummy load nnd fl power-.ind i<.:nting watt-metol' 
or s.w.r. bridge is much to be preferred . Apply 
plate nntl screen power, tune C, and C, for 
mnximum indication, and then ndjust lhe posi
tion of L, with respect to L. cal'efully, re tuning 
each time the loop is moved. Coupling should 
be the loosest lhnt will give sat isfactory pow9r 
transfer. The lamp load will he of no value in 
the adjustment, as it represents n load of far 
different impedance than will be used ultimately 
with the transmitter. 
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KILOWATT AMPLIFIERS FOR 50 

AND 144 MC. 

The amplifiers shown in Fig. 6-38 were de
signed for versatility. Though cupable of run
ning at the maximum legal power for arnntcur 
stations, they operate efficiently at mm:h lower 
levels. They work well as linears, for use with 
a .m. or s.s.b., or they can be modulated or keyed 
in high-eITiciency Clrn •. ~-c service. Though the 
tube type shown is expensive when p urchns(•d 
new, an effective substitute is commonly avail
able on the surplus market at much lower cost. 
Operated as a rack-mounted pair, as pictured, 
the amplifiers offer convenient band-changing 
from 50 to 144 !lie., merely by snapping on the 
appropriate he;1ter voltage switc:h. and ch:inging 
the air connection from one to the other. 

T he external-anode type of transmitting tl1hc 
has many V<triations. The family originated with 
the 4){150A many years ago. and tubes of the 
early type are still available, and widely used. 
A later version, with improved cooling, i .~ the 
4X250B, capable of higher power but otherwise 
very similar to the 4Xl50A. !lfor<' rrccntly the 
insulation was changed from glas~ to ceramic, 
and the prefix became 4CX. All the genc·ral 
types thus Far mentioned were made with varia
tions in basing and heater voltage tha t will be 
apparent to any render of tuhc t·atalogs. The 
4CX250R used here is ;i special rugged ver
sion, otherwise very similar to the 4CX250B, nnd 
interchnngeal.i lc with it for amateur purposes. 
Similar types are supplied hy other mnkers as 
the 7034/ 4Xl50A 7203/ -tCX2.50B and 7.580. 
There is another version for linear-amplifier 
service only, callrd the 4CX350A. 

If one then goes to other basing arrangemcnt5 

similar power capabilitic~ may be found in the 
4CX300A, 8122 and others, but diffe re nces in 
tnht' capacitance might requi re rnodificalion of 
thc c:ircuit ch:mcnts described her<'. The air-sys
tem sockets ( rcx1uired for nil c.~krnal-anodc 
tu he~ 111entio11f'd) may he the sa111C' for all types 
in t he second paragraph, hut those just <lhovc 
require d ilfo runl sockc:ts. 

Both amplifiers take a kilowatt on c.\\'. or s.s.h. 
with case. The 144-\le. 111odel must he held to 
600 watts intlllt for plak-moclulatPd ~crvice to 
stay within the mannfaclnrer's rnlin.i.:s . On .'50 
\le. the t hree lubl's in parullcl loaf a long- at I 000 
watb in the lnw-d11ty-l·ydt· modes. The Pl'rlllis
sible input on a.m. phone is !JOO wntts. Class C 
clr.cicncy i.~ on tlw order of 75 p<'r t·c:11t, over a 
wide range of plate voltages. It is possible lo 
nm all the way from 800 to 2000 volts on the 
amplifier plates without altering ~creen ,·oltagc 
or drive levels appreciably. 

Mechanical Layout 

T he amplifiers are simil:u packagc•s, to mount 
tol(dhc:r harmoniously, thoul.(h th is is of only in
cidcutal interes t to the fellow concerned with 
011c hand or the otlwr. They arc built in stand
ard 4 hy 10 hy 17-inch aluminum chassis, 
mounted opl'll side up and fitt<'d with shield 
co,·crs. In the au thor's ~ talion a single blower is 
us('cl for a ll trnnsmittr rs. This explains the air. 
intake sleeve seen on the back of each ampli
firr. An air hose from the remote blower is 
pushed into the amplifier being usrd. 

The transmitters are all hooked up together, 
to meters, power circuits, audio equipment and 

fig. 6 -38-The kilowatt amplifiers for 50 
ond 144 Mc. in o rock made from olumi· 
num ongle stock. At the bottom is o 
meter panel with controls for meter and 
mode switching. 
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power supplies common to all. Changing bands 
involves mainly the switching on of the desired 
heater circuits, and the insertion of the air hose 
in the proper intake sleeve. Separate an tenna 
relays are provided for each final stage, and 
power switching and plugging and unplugging 
are largely eliminated. 

Tube sockets arc the air-system type, mounted 
on 4-inch high partitions with fold ed-over edges 
that <ire drawn up tightly to the top, bottom, 
front and back of the chassis with self-tapping 
screws. Air is fed into the grid compartments at 
tl1e left side, as viewed from the froot. ll~ only 
path is through the sockets and tube anodes, and 
out through screened holes in the right side of 
the chassis. Panels are standard 51~-inch alumi
mun. Controls for the amplifiers are similar, 
tl1ough their locations are slightly different. No 
attempt was made to achieve symmetry through 
mechanical gadgetry, since the unbalam;e of the 
front panels is not unpleasing. The rack shown 
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in Fig. 6-38 was made up from aluminum angle 
stock to fit the job. Several screen :md bias con
trol arrangements were tried before the circuit 
shown in Fig. 6-43 was settled upon. Meters 
read driver plate current, and amplifier grid, 
screen and plate ct1 n·cnts. Switches enable the 
operator to check the) grid and screen currents 
to each tube in the 144-.\<lc. ampliner separately, 
and the screen currents in the 50-Mc. amplifier 
likewise. A mode switch provides proper screen 
operating condition:; for a.m., linear or c.w. 
service. 

The 50-Mc. Amplifier 

The use of three tubes in parallel in the 50-
~ l c. amplifier was an experiment, tried with the 
expectation that parasitics, unbalance, excessive 
tank circuit heatinit and all manner of troubles 
would develop. These problems never material
ized; use of p;1ral1eled I 1 dies seemed to intro
duce no problems on its own, and estensive 

Fig. 6-39-Schematic diagram and parts information for the 50-Mc. amplifier. 

C1-100-pf. miniature trimme r (Hammerlund MAPC-
100). 

C0-35·pf. per section split-stator (Hammarlund HFD-
35X). 

C3- Neutra lizing capacitance-see text. 
C., C., C,,-500-pf. 5000-volt tronsmittin0 capacitor 

(Centralob 8585-500). 
c . -Tuning copocitor mode from 3-inch aluminum disks 

-see text end Fig. 6-40. 
C,-200-pf. variable, .03-inch spacing (Johnson 167-12 

or 200L15). 
c & c., c ,.-.001-µf. d isk ceramic. 
C.,, C1., C,.-Bypass built into specia l air-system socket. 
11- Green-jewel pilot lamp holder. 
J ,, J2-Coaxial chassis receptacle. 
J3-8-pin mo le power fitting. 
J,-H.v. power connector female (half of Mi llen 3750 1). 
L1- l turn insulated wire about 1-inch diam. Moke from 

inner conductor of coax running lo )
1

• Strip 
jacket and braid bock about 4 inches. Insert 

between center tu rns of L0 • 

l.,,-8 turns No. 14, ;i..inch diam., 1 V..·inche1 long , center
topped. 

l;.-3 turns 2 inches diam., 3 inches long, %-inch copper 
tubing. 

P1-Hi9h-voltoge power connector, mole (half of Millen 
37501). 

P,-8-pin coble connector lo motch J., female. 

R1-20·ohm 10-woll slider-type resistor. Set so that 
heoter voltage is 6.0 ol socket. 

R,,, R., R,- 150-ohm J.-S-woll resistor. Connect at socket 
scree n terminal. 

RFC1-No. 32 enamel wire, close-wound full length of 
1-wott resistor, 10,000 ohms or higher. 

RFC,-No. 28 d.s.c. or enomol-wou nd 13.4 inch on 1'2-inch 
Teflo n rod. Spoco turns 1 wire diam. for 8.3 
µh. For wind ing information see Chopter 13. 

S,-S.p.s.t. toggle. 

T,-6.3-volt 8-a mp. Adjust R1 to give 6.0 volts. 
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experience with the amplifier has confirmed 
the worth of the idea. This happy state of af
fairs involves a few basic consi<lcralions that 
should be stated here. 

1) Paralleling straps in the grid and plate 
circuits were made .. three of n kind." The two 
going to the outer grids were bent identically, 
and then the one for the middle tube was bent 
back on itself as necessary to 11sc the same total 
length of strap. The same was done in the plate 
circuit . 

2) The grid circuit was split-stator tuned, to 
gel a reasonably-sized g rid coil , even with tl1e 
combined input capacitance of the three tubes 
plus circuit capacitance-some 60 pf. or more. 
This also provided a means for easy neutraliza
tion. 

3) The pi-network plate circuit is tuned with 
a handmade disk capacitor. This has u for lower 
minimum C than the more convcutional tuning 
capacitor, ancl it is devoid of the side bars and 
multiple g round paths that arc so often the 
cause of parasitics in v.h.f. ampliOcrs. No para
sitic resonances were found in this amplifier, 
other than one around 100 ~fo. introduced ap
parently by the r.f. choke. This caused a blowup 
when grid-plate feedback developed wi th a sim
ilar choke in the grid circuit. The problem was 
solved easily by use of a low-Q chC>kc of different 
inductance in the grid circuit. Do not use a 
high-quality r.f. choke for RFC 11 

~l ) All power lea els except the high-voltage 
one are in the grid comportmenl:, and made with 
shielded wire. Where the high voltage comes 
into Lhe plate compartment il is bypassed at 
the feed-through fitting. 

5) The plate circuit is ma<k entirely of copper 
strap and tubing, for highest possible Q and low 
resistance losses. It may be of interest that the 
entire t:mk circuit was silver-plated after tl1e 
photographs were made. Efficiency measure
ments made carefully before and after plating 
showed identical results. 

Looking at the interior view, Fig. 6-40, we see 
the j!rid compartment at the left. The coaxial 
input fitting, 11 in Fig. 6-39, is in the upper left 
corner of the picture. Coax runs from this, out 
of sight on the left w11 1l, terminating in n loop, 
Lp made from its inner conductor. This is in
serted between turns a l the center of the grid 
coil , L2 • The series capacitor, C 1, is just vis ible 
on the left chass is wall. It is not particularly criti
cal in adjtL~tmen t, so no inconvc11iencc results 
from its location away from the front panel. 

Screen voltage, bias, and 115 volts a.c. come 
through an 8-pin Otting, l:i• mounted betwcccn 
the air intake and the heater transformer, T 1• On 
the front panel a rc the heater switch, S1, and the 
pilot-lamp holder. 

T he three air-system sockets ( E imac SK-600, 
SK-620, SK-630, Johnson l24-l I 0-1 or J. 24-115-
1, with chimneys ) nre centered on the parti tion, 
spaced so that there is about Y. inch between 
their flanges. The small angle brackets that come 
with the sockets should be Lightened clown with 
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their inner ends bear ing against the ceramic 
chimneys, to hold them in place. Note that the 
150-ohm isolating resis tors R2, R3, and R4 arc 
connected right at the screen terminals. 

Both grid and plate straps are cut from flash
ing copper %-inch wide. Lengths are not criti
cal, except that all grid straps should be the 
same length, and all plate straps identical. The 
plate straps are made in two pieces solclerccl 
together j n T shape, to wrap around the anode 
and join a t the coupling capacitors, C~ and C5. 

These T-shape<l connections could be cut from a 
sheet of copper in one piece, with a little plan
ning. 

The copper-tubing plate coil, L3 , is mounted 
on stand-off insulators not "isible in the picture. 
Connections to the coupling capacitors, the tun
ing capacitor, Cu, and the loading capacitor, C7, 

are made with copper strap. It will be seen that 
tl1ese various pieces are bolted together, but the 
were also soldered . The connection from C7 to 
tl1e output Otting, 12, is a single strap of copper, 
bolted :md soldered to La. 

The disk tuning capacitor can be made in 
several ways. Flashing copper is easy to work, 
and the 144-Mc. capacitor was made of this 
material. A more sturdy disk can be made from 
~-inch aluminum. Those shown in Fig. 6-40 
were 3-inch meter Clttouts from an aluminum 
panel. Disk-type neutralizing capacitors ( if you 
can find them; they're not common catalog items 
these days) provide ready-made d isks and lead 
screws for tuning. For the latter we used 3-inch 
Vi-20 brass screws from a neighborhood hard
ware store. A panel bushing with brass nuts 
soldered to it provided the lead-screw sleeve. 
The stationary disk is supported on if-inch-di
ameter Teflon rod, a material also used for tllc 
r.f. choke form. Teflon works easiJv and is un
excclled for insulating applications' where high 
temperatures are encountered. \Ve found it 
reasonably priced, in various diameters, at a lo
cal plastics house. 

The plate r.f. choke, RFC.,, is important. You'll 
probably have to make it to get one of sufficiently 
good quality. For more on tllis see information 
under F ig. 6-39 and "R. F. Chokes for the 
V.H.F. Bands," Chapter 13. Two coupling ca
pacitors were paralleled because we've experi
enced trouble with exploding capacitors in pi
network plate circuits in the past. }.!aybe one 
would have handled the job, but two do for sure. 

Some Possible Variations 

It is always risky to ~-uggest variations on a 
design unless they have been checked out in 
use, as bugs may develop in unforeseen ways. 
The following are ideas only, to be used at the 
builder's risk, since they have not been tested 
by the designer. 

You might not care for three tubes in parallel. 
Two should work well, handling a kilowatt cs
cept in a .m. linear or plate-modulated service. 
Many builders report success with 2 tubes. 

F or those who can afford it, a vacuum variable 
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fig. 6-40-lnterior of the 
50-Mc. amplifier. Note 
method of paral leling 
grid and plate connec
tions. Cylinder at upper 
lef1 is for detachable air 

hose. 

capacitor should be ideal for Cc. One wi th about 
10 pf. maximum capacitance should do nicely. 

For lower tube cost, 4Xl50As from surpli1s 
should work without mechnnical changes. Use 
plenty of air, if you intend to push the ratings 
of the 150As. A 100-c.f.m. blower is not too 
much. The ability of the anode structure to with
stand heat is the main difference between the 
150A and later versions of this tube, and some 
people have gotten away wi th 250 ratin~s with 
150-type tubes. In this connection, the 50-~.fc. 
amplifier will take a kilowatt flt 1200 to 1500 
volts, if your power supply wilJ handle the cur
rent. This approach, p lus plenty of air, is prefer
able to using plate voltages much in excess of the 
4Xl50A ratings. 

The 144-Mc. Plumber's Specia l 

Use of 1%-inch copper tubing for a 2-meter 
tank circuit is by no means new. 0 We simply 
went one step further and made the entire cir
cuit from standard plumbing components. All 
the heavy metal you see in the plate compart
ment of Fig. 6-41 came from the plumbing coun
ter of the local Sears store. The picture nnd Fig. 
6-41 should be largely self-explanatory. 

At the tube end of the plate line, L~ in Fig. 
6-42, we have brass castings normally used to 
join sections of the copper pipe. They make a 
nice sliding flt over the tube anodes. For tighter 
£t, cut thin brass shim stock and insert as much 
as needed between the anode and the sleeve. 
The end of the fitting can be slotted and then 
clamped firm on the anode with a hose clamp, as 
an al ternative. The short at the D-plus encl of tl1c 

0 "High-Efficiency 2-Meter Kilowntt." QST, Feh. 1960, 
p. 30. "Top Efficiency nt 144 Mo. with 4X250Ds," Brey
fogle, QST, Dec. 1961, p. 44. 

133 

line is made with two T fittings, with their flang
es cut down to Jf inch and slipped over a short 
section of the p ipe that is not visible. Joints 
throughout the nsscmbly were silver-soldered 
with a torch, but conventional soldering should 
do equally well. The flanges at the open ends of 
the T fittings are cut down to about Jl-inch 
in length. 

The last instruction and the information about 
the plate line given under Fig. 6-42 apply only 
if the fittings are identical to those obtained by 
the builtlcr. Since there are several ty pes of 
fittings available from plumbing supply houses, 
the following overall dimensions should be heed
ed : tube end of the plate line to center-line of 
short-10% inches; spacing of pipes center to 
cente r-3)~ inches. 

In using tube types other than those specified, 
it may be that some change in p late circuit in
ductance will be nec<lcd. A simple check will 
show if this ls needed. Slip the costings ancl p ipe 
together wi thout soldering, and assemble the 
plate circuit temporarily. Check the tuning 
range by means of a gri<l-dip meter. No plate or 
heater voltage is needed for this rough check, 
but it is well to have the coupling loop in pince, 
and a 50-oltm resistor connected across ]"· 

The coup ling loop, Lr,, is cut from ·a single 
piece of !lashing copper J; inch wide. This deliv
ered slightly more output to the load than was 
obtained with loops of wire of various lengths 
tried. The loop should be positioned so that the 
bottom edge is approximately flush wi th the bot
tom o.f the pipes. Optimum co11pling to a 50-ohm 
load is achieved when the closed end of the 
"U" is about ~ inch lower than the open end. 
Looking down at the plate-line assembly, the 
coupling loop is centered between the pipes. 

The loop and plate line arc supported on 
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Teflon rod insulators. The r.f. choke is also 
wound on Teflon. Note its position outside the 
U of the plate line. F irst mounted inside the 
loop, it went up in a furious burst of smoke 
when high power w a.-; applied to the ampliller. 

Our tuning disks arc 3-inch sheets of flashing 
copper. For nicer appearance and better me
chanical stability, use )8-inch aluminum as in 
the 50-Me. model. Three-inch brass J:-20 screws 
are threaded through the pipe fittings . The rear 
one is held in place with a lock nut, and tl1e 
other is rotated by the tuning knob, a bakelite 
shaft coupling, and a length of )(-inch Tel:lon 
rod nmning in a panel bushing. 

A third disk is mounted adjacent to the rear 
portion of the tank circuit. Its position is adjusted 
to achieve perfect balance in the tank circuit, 
but in practice this turned out to have no meas
mable effect. It is felt that a really good choke at 
RFC1, and careful adjustment of C1, can prnc
tically eliminate the effect of any slight unbal
ance if the point of connection of RFC 1 to the 
t:ink circuit is not bypassed to ground. 

The 144-Me. grid circuit, L1L'.!• looks like two 
coils, but actually is a coiled-up half-wave .line. 
This is somewhat more compact than a half
wave line with its conductors out straight, an<l it 
seems equally effective. The grids are connected 
to the outer ends and the tuning capacitor to the 
inner. The point of connection of the bias-feed 
resistors should be determined in the same way 
as with the usual half-wave line: by coupling in 
144-Mc. energy and touching a pencil lead along 
the inductance while watching the grid current. 
The correct point for llnal connection of the re
sistors is that at which no reaction on grid cur
rent is observed. Isolating resistors here, and for 
feeding screen voltage to the sockets, are prefer
able to r.f chokes. The inner conductor of the 
coaxial line is used to make the coupling loop, 
L11, which is placed between the inner ends of 
the grid circuit. 

TRANSMITTERS AND EXCITERS 

Balanced drive is maintained by adjustment of 
the differentia l capacitor, C 1, connected in par
allel with C.,, and mounted on the side of the 
chassis adjacent to it. The series capacitor, C3, 

is out of sight under the tuning capacitor, which 
is mounted on standoff insulators. It is adjusted 
by inserting a small screwdriver in a hole in the 
side of the chassis, but if we were doing it again 
we'd mount C~ Oll the side wall, just under C1 , 

to make it more readily adjustable. Note that the 
rotor of C2 is ungrounded. 

About Neutralization 

These amplillers were tested without neutrali
zation and we almost got awny with it, but use of 
all modes, particularly a.m. linear and s.s.b., 
imposes strict requirements on stability. Conven
tional cross-over neutralization employed in the 
144-Mc. amplifier is omitted from Fig. 6-42 in 
the interests of clar ity. The schematic representa
tion, Ca in Fig. 6-39, is not very informative 
either. 

In the 50-Mc. amplifier the lead visible in 
Fig. 6-40, attach~d to the rear stator terminal of 
C2, runs to a polystyrene feedthrough bushing 
(National TPB) mounted in the partition be
tween the rear and middle sockets. Even this 
bushing's wire stub projecting into the plate 
compartment turned out to be too much "C:\" 
and it was trimmed off l/16th inch tit a time, 
until minimum feedthrough was indicated on a 
wavcmeter coupled to L 8 and tuned to the 
driving frequency. 

Similar feedthrough bushings arc used in the 
144-Mc. amplifier, but here a small wire had to 
be added to each one. The wire connected to 
the grid of the front tube is aimed toward the 
anode of the rear tube, and vice versa. Small 
sheets of thin brass or copper should be fas
tened under the adjacent edges of the sockets, 
and bent up at right angles to the partition. 
These %-inch high barriers act to shield the 

Fig. 6·41 - lnterior of the 144-Mc. 
omplifier. showing the pla te cir
cuit made from standard plumb
ing components. Brass pipe junc
tions moke connection to the 
anodes, and T fittings are mod i
fied to form the short at the end 

of the line. 
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4CX250R's 

s, 

Ls 

J~ 
~ 
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RFC 1 

TO HIGH VOLTAGE 

TO GRID METER. (12 3 4 5 6 ~B P2 
SWITCK AND i::::::::...J l l I 

BIAS ro SCREEN '---~ TO 115V. A .C . 
METER,SWITCK.ANO 

REGULATED 250 OR 350 VOLTS 

c,-5-pf. differential trimmer (Johnson 160-303 or 
6MA11). 

C2- 15·pf. per section split-stator (Hammarlund HFD-
15X). Leave rotor ungrounded. 

C,-30-pf. miniature trimmer (Hammarlund MAC-30). 
C,-Tuning capacitor made with 3-inch disks. Sec text 

and Fig. 4. 
C,-3-inm· disk movable with respect to l ,. Sec text and 

Fig. 6·41. 

C0- 50-pl. variable (Hammarlund MC-50). 

c,- 500-pf. 5000·volt (Centralob 858S-500). 

C8, C9-Bypass capacitor built into air-system socket. 

1,-Green-jewel pilot lamp holder. 

J ,, J2-Cooxiol chassis receptacle. 

13-8-pin male chassis connector. 

J,-High-voltage power connector, female (half of 
Millen 37501). 

L1, L,.,--3Y2 turns No. 14, %-inch diam., turns spaced ¥2· 
inch. R2 and R3 top on about 1 turn in from 
grid end. Sec text. 

screen rings of the tubes from the feedback 
"capacitors" and assure that the coupling is from 
grid to opposite plate, and not to tile screen. 0 

Length and position of the feedback wires are 
adjusted for mini.mum feedthrough of driver 
energy to the plate circuit, as described above. 
About a half inch of wire was needed in addi
tion to the terminal stub in this cnse. 

When used as linear amplifiers the tubes must 
be biased to permit them to draw considerable 
plate current with no drive, so perfect neutrali
zation is a "must." Properly neutralized, the 
amplifiers will be stnble when nm at or near 
maximum safe plate dissipation with no drive, 
even when the grid and plate circuits are swung 

•Air-system sockets are now nvnil.oblo with built-in 
shielding of the screen ring. Tho Eimnc numbers are 
SK-620 nod 630. 

L3- 1 ·turn inner conductor of coax from J,, about 3A 
inch diam. Remove jacket and braid about 3 
inches. Adjust position with respect to l 1 , L2 for 
maximum grid current. 

L,1-Plate line 1%·inch copper pipe, with junctions and 
T fittings. Exposed portion of pipe is 8 inches 
long. Cut right end of T fittings ta V..·inch 
shoulder, and joined ends to %·inch sh<>ulders. 

L,-Y,.inch strap of flashing copper, U portion 4 inches 
long and 1 V.. inch wide. Make loop and connec· 
lions from single piece. Support L, and L, on 
standoffs of ceramic or Teflon. 

P, - High-voltage connector, male (half of Millen 37501). 
P,-8-pin female coble connector to match ) 3• 

R,-20·ohm 10-watt slider-type. Adjust for 6.0 volts at 
socket. 

R, , R,., R,, R3- l 50-ohm 'h-watt resistor. 
S,- S.p.s.t. toggle. 
T,-6.3 volt 8-amp. Adjust R, for 6.0 volts. 
RFC,-2.15 µh. r.f. choke. No. 22 enamel closewound 

1~6 inch on V..-inch Teflon rod. 

through their enti re ranges. If they will not pass 
this test the amplifiers are not ready to be used 
for linenr service. 

Controls and Metering 

Almost everyone who builds his own equip
ment has a favored way of controlling it, so the 
system shown schematically in Fig. 6-43 may not 
suit everyone. It is for use in a station where pow
er supplies are actuated by closing the primary 
circuits to all that the operator wants to have 
come on for transmitting purposes. They are 
mounted away from the transmitting position, 
and a cable carries the various voltages to the 
r.f. position. At the left, ] 1, !~ , ]4 and ! 5 are 
terminals carrying all voltages from the power
supply position. These are distributed through 
meters, controls and output fittings, J 0, l 7 and 
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TO·C,SOTO 
90V. 

TO 
+soov. 
ORIVERI 
PLATE 

SllPPLY 
DRIVER 
PLATE 

CIR.C1JIT 

+c 
-H.V. 

J, 
P, J, 

z 2 

3 3 

4 4 

5 5 

6 6 

7 7 

115V. 
A.C. 

£10P1NS 

J3 ~J,~j~ 

J,~A 
0• 1000 

Js 
J,- 8-pin male power connector. 
J,, J., J ,.,. Ju-Tip jack. 
Ji- A.c. connector, male. 

J., J0- High-voltage feedthrough connector (Millen 
37501). 

J., J,, J,-8-pin female power connector. 

l 1-10 hy. SO-ma. choke. Must be shorted out for other 
than plate-modulated service, 

J8, to various transmitters. Circuit breakers at 
the supply position are used to turn everything 
off when the station is closed clown. 

Adjustable bias, 50 to 90 volts negative, is 
brought in through Pin 2 to a 50-ma. meter and 
appropriate shunts that keep the circuit th;1t is 
not being metered closed. The switch S1 enables 
the operator to read the grid currenl~ separately 
in the 144-1'.lc. amplifier. Grid voltage may be 
read when required, at ]2 . 

Similarly, a 500-volt positive source is con
nected through Pin 3, a voltage-regulating sys
tem, an audio choke, a 100-ma. meter and a 
3-position switch, S.,, to the screens. Currents 
can be read separateiy here, too, and this facility 
is important in determining that alJ tubes are 
nmning within ratings. The VR system is 
switched by S3A to provide regulated 250 Or 350 
volts to the screens. Ganged to it is S:18, wMd1 
shorts the audio choke for all modes except 
plate-modulated a.m. This must be done, as the 
choke will cause trouble on the other modes. 
The series-parallel VR-tube bank is by no means 
an ideal regulating system, but it prevents soar
ing of the screen voltage under conditions of 
low or negative screen current. The.<e occur 
only in linear operation, and on c.w. when the 
key is up. It is not particularly important that 
screen voltage be held constant for high screen 
current, as in plate-modulated n.m. and key
down c.w. conditions with low plate voltage. 
The screen voltage will be kept down by the 
heavy load on the supply at such times. ActuaJly 
a single string of three regulator tubes will do 
the job quite well, and both ampliiiers have 
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OIHER 
Ja 

Fig. 6-43-Schemotic diogrom ond 
ports information for the control unit 
used with the v.h.f. amplifiers. Resis
tors ore !h-wott composition, unless 

specified; values in ohms. 

P,-8-pin female coble plug. 
R1- 2000-ohm 25-watl resistor. Volue may be reduced 

to as low as 1000 ohms if regulation at high 
v:ilues of screen current is desired, provided 
current moosured in J 10 ond )11 does not exceed 
40 mo. under low-screen-current conditions. 

S1- Single pole 2·position switch. 
S.,- Single-pole 3-position switch. 
S3- Double-pole 3·position switch. 

been worked successfully with this simpler 
screen arrangement. Current through the regu
lator tube strings can be measured between ] LO 

or 111 and grou11d. 

Operation 

Because a variety of tubes may be used, with 
a wide range of conditions as to plate voltage and 
drive, we're not going to be too specific here. If 
vou follow the tube m:mufacturer's recommen
dations for the plate voltage you intend to use 
you won't be for wrong. All tubes of tJiis class 
arc quite versatile as to drive level and plate 
voltage; unless you are running close the max
imum plate-input ratings the principal factor to 
watch is screen dissipation, as far as safety of the 
tubes is concerned. Set up your amplifier with n 
dw11my load and then try the various conditions 
given in tube data sheets, obsen'ing the opera
tion on all meters. 1n this way you'll soon learn 
your way around. A few words of preliminnry 
advice may, however, be in order. 

First, don't feel that you ha,·e to run a kilo
watt right off the bat. Put a Variac in your final 
plate supply primary and run t11e voltage down 
for initial testing, or use a lower-voltage supply 
until you become familiar with the way the rig 
works. \Vatch t11 e screen current closely, particu
larly at low plate voltage or with high grid 
drive or light londing. The provision for checking 
individual screen cmrents is important, other
wise you may learn too late that one tube has 
been taking all or mo~t of what you have seen 
on a meter that reads total screen current only. 
In the push-pull ampli1ler it may be advantage-
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ous to balance screen currents by C1, rather than 
grid currents, if balance of both screen and grid 
curents does not occur at one setting. 

Tune up for Class C and get the feel of the 
amplifiers before trying linear operation. Then, 
if linears are unfamiliar to you, read up on them 
elsewhere in this chapter before jumping in. Use 
a scope; there is no sure way to set up and op
erate a linear without one. The H e-ath Monitor 
Scope, H0-10 or SB610, is ideal for this job be
cause of its built-in tone osciJlator and in-the
transmission-line features. Bunning a linear, 
either sideband or a.m., without a scope check 
is inviting trouble. 

Finally, if you must use an a.m. linear, don't 
expect 70 per cent efficiency from it. Don't ex
pect 50. Expect and see that you get, no more 
than 35 per cent from a Class AB1 linear, or 
no more tban about half the rated plate dissi-
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pation for the tubes used. This means 350 watts 
out of our 50-Mc. amplifier with a kilowatt in, 
even though you can get 750 watts out of it in 
Class C. For the 144-Mc. amplifier, 200 watts out 
with 700 in is about the safe maximum for 
a .m. linear service. These are optimum figures; 
you may get less, but you can't gd more and 
be linear. 

For higher plate efficiencies go to s.s.b., c.w. 
or plate-modulated a.m. In a ny of these modes 
these amplifiers will give you the biggest legal 
signal around, if that's what you want. Or they'll 
throttle down nicely to 300 watts input or less, 
merely by lowering the plate voltage. They'll 
work efficiently at much lower inputs if the 
screen voltage is dropped appropriately. Chances 
are that you'll still have a signal that will stand 
out in most neighborhoods, on either 6 or 2, and 
you'll have no worries about over heating. 

TIPS ON LINEAR AMPLIFIERS 

It is no small wonder that t1Je linear amplifier 
appears attractive to the neophyte looking for 
his first step up the v.h.f. power ladder. At first 
glance it seems almost too good to be true. A 
Class AB1 linear, the type most often used, 
requires 110 driving power at all. Class AB1 is 
operation without the ampliller drawing grid 
current at any time. ·with the amplifier consum
ing no power from the driver stage, only a mere 
handful of exciter is needed. You could use a 
one-watt transistor rig, and have output to spare. 

This applies whether the amplifier runs 100 
watts input or 1000, so it can be seen that the 
linear is most attra'ctive in the high-power 
bracket. The inevitable price to be paid is low 
efficiency. Thus there is hardly any point in 
building a linear for less than about 200 to 300 
watts input; you won't get enough step-up in 
power to make the project worthwhile. And since 
any amplifier is a fairly expensive undertaking, it 
may be well to build it for kilowatt capability, 
even if you .don't expect to push it that far right 
away. The amplifiers of Fig. 6-38 through 6-43 
can be ron as low as about 300 watts input if you 
wish. At this level they deliver about 100 watts 
to the antenna-no mean signal on a v.h.f. band. 
There is plenty in reserve when you need it, 
and the Ena! tubes hardly J,.,1ow they're work
ing. 

As it5 name implies, a linear amplifier is one 
which reproduces the wave fom1 of its driver 
stage exactly, but at higher power level. This 
requires considerable attention to details. Ev
erything has to be right, or the signal quality 
suffers, and it will occupy far more space in the 
band than a signal should. Grid bias, drive level 
and antenna loading are all critical. n egular use 
of an oscilloscope is a must. Meters alone are 
not enough, if you want to be sure that your 
signal is above reproach. 

About Driver Stages 

Obviously the driver stage is important in the 

linear picture. lf we are going to amplify it in 
exactly its original form, the signal had better 
be good to start with. A distorted splattering 
signal fed to a linear result5 in more of the same; 
lots more! The exciter should be stable and its 
output stage as perfectly modulated as we can 
make it. Since the driver operates at very low 
level, this is not hard to do. If an exciter is 
being built especially to drive a linear, it might 
be well to go with a neutralized-triode output 
stage, with no more than about 5 watts input. 
A Class-A modulator employing inverse feed
back and some form of output limiting would 
be good. Peak limiting is important, to keep the 
average modulation percentage high and pre
vent overmodulatiou. 

Most v.h.f. transmitters will have a lot more 
output than is needed, so the drive applied to 
the ampli.6er must be reduced in some way. 
Detuning the driver output circuit or the ampli
fier grid circuit will not do, as it may leave the 
driver without a proper load, and impair its 
modulation quality. A simple solution is to con
nect a 50-ohm dummy load parallel with the 
driver output. A coaxial T fitting is connected 
to the driver output receptacle. The dummy load 
is connected to one side of the T, and the ampli
fier grid input to the other. The amplifier grid 
circuit still may have to be detuned slightly, if 
the exciter output is more than 2 or 3 watts, 
but this will not be harmful for only a small 
reduction in drive. Driver output may also be 
reduced by lowering its plate or plate-and
scrcen voltage, though it is well to check the 
quality to be sure that linear modulation char
acteristics are being obtained in the driver. 

Checking Signal Quality 

The Health Monitor Scope, Model H0-10 or 
SB610, is ideal for use with a v.h.f. linear, as it 
may be left connected to the transmission line 
for continuous monitoring. Some modification 
may be necessary for effective use of this scope 
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on 144 Mc., though it works nicely on 50 i\fo. 
and lower bands as is. Two coaxial receptacles of 
the S0-239 type are mounted on the back of the 
scope, wi th their inner terminals joined by a wire 
about lli inches long. The transmitter is connect
ed to one receptacle and the antenna coax to the 
other. The unshielded wire inside the scope 
causes an appreciable impedance bump in a 144-
Mc. line. This may be corrected by connecting 
a coaxial T fitting to one of the terminals, and 
using its two arms to make the above connec
tions from transmitter to antenna line. Internal 
scope connections and functions remain intact, 
and the impedance bump is held to manageable 
proportions. 

The scope, milliammeters in the grid, screen 
and plate circuits of the amplifier, and a power
indicating device in the coaxial line are useful 
in setting up the linear for maximum effective
ness. The power meter will teB you if you are 
getting all you should from the amplifier. If 
you're getting too much, tJ1e scope will tell you. 
The meters are necessary to assure operation at 
both safe and optimum conditions. 

The tube manufactmers' data sheets give 
typical operating conditions for various classes 
of service, usually including a.m. linear. These 
are the best guides available and you'll do well 
to follow them closely, especially when just 
learning your way around with a linear. They do 
not tell the whole story, however. They arc 
merely "typical"; there may be other combina
tions that will work well, if you know how to 
read the indications your meters and scope pro
vide. Conversely, it may be possible to radiate 
a less-than-admirable signal, when meter indica
tions alone seem to be in order. You'll need that 
scope! 

In using the 6- and 2-meter linears of Fig. 
6-38 the plate voltage can be almost anything, 
provided that the amplifier is adjusted carefully 
whenever the plate voltage is changed. From 
800 to 2000 volts has been used on 4CX250Rs 
and Bs. Screen voltage should be what the sheet 
calls for; in this case 250 volts for Class C and 
350 volts for Class AB1. Bias should be variable 
and adjusted so that the h1be or tubes will 
draw the recommended no-clrive plate current. 
In this instance it's about 100 ma. per tube. It is 
well to start with bias. on the high side (no-drive 
plate cmrent low ) to be on the safe side until set 
up correctly. 

W ith the amplifier running in this fashion, 
feed in enough drive to make the plate current 
rise and output start lo appear. Tune the final 
plate circuit and adjust the loading control for 
maximum output, as indicated by the height of 
the scope pattern or by the power-indicating 
meter in the tran&mission line. Disregard the 
final plate current, so long as it is at a safe value. 
( Do not tune for dip; tune for maximum out
put. ) Run up the drive now to the point where 
grid current just starts to show, and then back 
it olf slightly. Readjust the plate and loading 
controls for maximum output. Be sure that you're 

TRANSMITTERS AND EXCITERS 

putting every watt you can into the transmis
sion line for this amount of grid drive. Maximum 
loading is a must for linear operation. 

Try modulating the driver, while watching 
the scope pattern. lt should look like the patterns 
shown in fig. 6-44, A and B. These are en
velope patterns, which are most readily obtained 
with the Monitor Scope. Unmodubted carrier is 
shown at A. The Heath scope has a buil t-in 
tone oscillator. Using this or a stendy whistle 
into the microphone should produce. a pattern 
like the one at B, when tJ1e modulation level is 
100 per cent. The peaks and valleys are sharp, 
and the valleys (negative peaks ) j11st reach the 
zero line. Positive peaks are just twice the total 
height of the unmodulated envelope, Pattern C 
shows effect~ of excessive grid drive or too-light 
loading, or both. Note the flat-topping, and the 
lower height of the positive peaks. H you don't 
have some form of negative-peak limiting, watch 
out for excessive modulation in that d irection. 
That's where the splatter comes from first if 
audio and r.f. operation is clean otherwise. In 
watching your voice modulation beware of the 
bright Hashes l\t the zero line of the modulation 
pattern that indicate over-modulation on nega
tive voice peaks. 

Practice the adjustment routine with a dummy 
load conneckd to the transmitter, and you'll 
soon get the hang of it. Deliberately over-drive 
the amplifier and see how quickly you can detect 
tJ1e results (pattern 6-44C) on the scope pat
tern. Observe the meter action, too. You' ll see 
tJ1at you can't draw any grid current without 
spoiling the picture. You'll also see that when the 
scope picture is right the plate current stands still 
on all modulation peaks. The screen cu.rre~1t 
will probably be just a bit negative. Output will 
absolutely not exceed 35 per cent of the input. 
If it docs, you've got some meter inaccuracies, 
or you're cheating on the interpretation of the 
scope pattern. The scope is the final authority; 
you lw ve to believe it. 

Now, once over lightly again. Loading is all
important. Keep it at the maximum output you 
can get for a g iven value of g rid drive. Recheck 
it for every frequency change or change in plate 
voltage. Grid current will always be zero. Grid 
drive can be lower than optimum as regnrds out
put, but never more than optimum. (You can 
read grid voltage for a reference on amount of 
grid drive, if you like.) The scope will tell you 
very clearly tJ1e minute you go too high. So 
will the sound of the signal, but this may be hard 
to determine, if your receiver overloads on your 
own signal. Most receivers will. Final plate cur
rent will rise with i11Crensing grid drive, but it 
must stand still during modulation. If it kicks on 
modulation peaks, you've got distortion, and very 
likely splatter. 

All adjustments react on one another to some 
exte_nt, and each time you change :iny operating 
condition you have to go through the routine 
completely again. This sounds as if you'd spend 
the rest of your life tuning the rig, but once you 
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{A) {B) {C) 

Fig. 6-44-Typical oscilloscope envelope patterns. Unmodulated carrier is shown at A. The single.tone pattern 
for 100 per cent modulation is shown at B. Peaks should ri>e to twice the enevolope·pattern height, and valleys 
should just reach the center line. The effects of excessive drive or toa-lighl loading, or both, on a linear 
amplifier are shown at C. Note the fla t·lopping and small increase in amplitude over the unmodulated 
envelope. 

get the hang of it you can make the necessary 
corrections in seconds. 

Using Other Modes 

Since a.m. linear is the 111ost criticol of all. it 
is in order to switch to any other mode withm1t 
making any adjustment~. if you w11nt to switch 
instantly. A good linear is more versatile than 
this, however. It's possible to do a lot better than 
the a.m. conditions on sideband, and still stay 
in the AB1 mode. Efficiency on c.w. will shoot 
up markedJy wit11 just a slight increase in g rid 
drive, with no other changes. Same for f.m., 
which fa identical to c.w., as far as the tubes in 
the final arc concerned. lf you want the ulti-

mate in c.w. or f.m. output, switch to 250 volts 
on the screen, and rttn up the grid drive: some 
more. Drive level is very uncritical, so about all 
you have to watch for is to ke1•p the final input 
below the kilowatt level, :mcl avoid swinging the 
plate cmn·nt on f.m. Heacljustment of the plate 
tuning and loadini;: will be needed for top effi
ciency. Plate-modulated voice service is quite 
similar to the c. w. con<litions, e~ccpt tlmt the 
maximum plate voltage permissible is lower with 
most tubes. Grid drive requirements nrc usually 
slightly higher for good plate modulation condi
tions than for c.w. or f.m., and the bias should 
he juggled for best moclulation chiiracteristics. 
Scope indication should be like Fig. 6-44B. 
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V.h.f. Stations, Transceivers 

and Transverters 
Buy or build? This question faces every new 

amateur, and it is likely to remain with him as 
he advances in the art. \Ve have no quarrel with 
the fellow who chooses the all-commercial 
route, so long as he is well-infonned and uses 
his station intelligently and with consideration 
for others. Buying is the quick and often easy 
way to get started in amateur rad io. There arc 
still sound arguments for huilcl ing one's own, 
however, and plenty of hams, new or old, still 
play the game that way. 

First, there is the matter of cost. Admittedly, 
part~ cost money these days, but if the job is 
done wisely the v.h.f. enthusiast can build a 
complete station for much less than similar fa
cilities would cost ready-made. Then, nearly all 
commercial gear is a compromise in one or more 
ways. When you arc going to build it yourself, 
you can design your station to do what you 
want it to do, and to look the way yoti want it 
to look. You don't pay for anything that you 
don 't nee<l. A station that works from 80 
through 6 meters, for example, is a poor invest
ment for the fellow with no interest in anything 
but v.h.f. work. It's a sure thing that a v.h.f.
only rig will deliver a lot more 6-meter watts 
per dolJar and better v.h.f. reception than the 
multiband variety. 

But perhaps most important is the nature of 
the hobby itself. Despite all the easy approaches 
to it, ham radio is still a technical avocation. 
The fellow who learns his way around is going 
to get more out of hamming tl1an the mere pur
chaser of boxes. When you collect the parts 

( and perhaps make a few of them). put a sta
tion together with yoLir own hands and skill, 
and make it work to your satisfaction, you have 
accomplished something. The end result is your 
station in a way that no commercial package can 
ever be, and you will be a better ham for hav
in!! done the job! 

You 111 t1y hear that "nobody builds ham gear 
any more." Before accepting this as gospel, con
sider the story of the equipment shown in Fig. 
7-1. Described serially in QST in 1961, this sec
tional two-band v.h.f. station caught on quickly. 
l3eforu the year was out, demand for the QST 
issues containing the series had cleared the 
shelves at ARRL Headquarters of a stock tl1at 
would have lasted for years, ordinarily. A re
print of the four QST art icles was made and of
fered for sale at 50 cents. It sold by the thou
sand, and is still a fast-moving item. Today this 
series stands as the most-used v.h.f. material 
ever published, and one of tl1e most successful 
constn1ctional items in all QST history. 

Station Planning 

Too often, amateur stations "just grow," ratl1-
er than developing along planned lines to make 
the best use of the considerable financial outlay 
they usually represent. This applies to equip
ment purchased ready-made, as well as to that 
built at home. 'We accumulate transmitters, re
ceivers, converters, modulators, and so on down 
the line, with little tl1ought as to their integra
tion into a working unit for v.h.f. communica-

Fig. 7-1- The complete v.h.f. station, shown here set up for 50 Mc. The tronsmittcr, left, and converter, right, 
have componion plug-in units for 144 Mc. The control unit, left center, contains the power supply and modu
lator, and oll units of the station dra w their power from ii. The simple tuner, right, moy be omitted 
if the builder hos o communications receiver. At the fo r right is on s.w. r. bridge that doubles os a test meter. 
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tion. Some commercial gear leans to the oppo
site extreme- the one-box station that may be 
neat and unobtrusive, but is often lacking in 
versatility. 

Amateurs are individualists. We like our sta
tions to be unique, tailored to our special needs. 
W ith some advance planning we should be able 
to assemble a station that is both effective and 
versatile, without its necessarily becoming elab
orate or tremendously expensive. With these ob
jectives in mind, most of the equipment we de-
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scribe here is h11ilt unit-style, with few built-in 
heavy items like power supplies a11cl modula
tors. These hmd to be static in design; long-term 
investments that can he used with a succession 
of r.f. units we may wish to build and try. Sub
assembly design has much to recommend it, and 
cost is by no means the only consideration. The 
ability to try different circuits without becoming 
involved in the kincl of rat's nest all too often 
seen in amateur stations should rnte high in our 
planning . 

A COMPLETE TWO-BAND STATION 
FOR THE V.H.F. BEGINNER~ 

The station shown herewith was designecl to 
get the newcomer off to a good start on the v.h.f. 
bands. You may not neecl all of it. If you al
ready have a good communications receiver, for 
example, you will have only a passing interest 
in the simple tuner at the center of Fig. 7-1 , cle
scribed in detail in Chapte r 4. Maybe you're a 
one-bancl man. In that case you'll want only one 
of the transmitter look-alikes describecl in Chap
ter 6, one of which occupies the left sicle of this 
pictUTe. One of the converters, d escribed in 
Chapter 4 and shown to the right of the tuner, 
will take care of your receiving needs. 

The important point is that whether you go 
for 50 or 144 Mc., whether you want to build 
your station piece by piece as you can afford it 
or get it all over in one project, whether you 
have a communications receiver or must provicle 
a means of receiving with your v.h.f. converters, 
this station give.~ you just the items you need . 
Nothing necessary is omitted, and nothing in the 
way of useless glamour is included. E ach unit 
is intended to do its job weJJ, and to allow for 
improvement of the station later on. 

0 The equipment shown here '"'RS described oriJ:,t.innlly 
in a 4-pnrt series io QST for July through October, 1961. 
Demand for these issues created b y the series sold out 
back Issues at once, so n reprint of the 4 nrticlc~ was 
mode. It is still available Crom AflHL Headquarters Cnr 
SO cents for the comple te series. lncluded with each re
print is a set of tcmplnt.es for drUling the principol sur .. 
faces or the tuner, transmitters !Ind converters. 

The transmitter r.f. units arc stable and effi
cient. They include provision for c.w., and may 
be adapted to variable-frequency control. They 
will make fine exciters for high power later on. 
The modulator and power supply use quali ty 
components, ancl arc handy items around any 
ham shack. Control circuits are includccl, so that 
the question of how to use the gear in actual 
communication (so often left unanswered in 
items supposedly for the beginner) is com
pletely taken care of. The receiving system is a 
little different from anything you've seen in 
modern v.h.f. articles, but it docs the job. You 
can receive c.w. with it, as well as n.m. or f.m. 
phone, and it can even produce readable s.s.b. 
signals with a bit of care. T he converter "front 
ends., for 50 and 144 Mc. arc excellent per
formers, and if you decide later to use a com
munications receiver in place of the tuner, they 
will give you v.h.f. reception second to none. 

Last, bnt nu means least, nearly every v.h.f. 
station description tells the builder to use a 
standing-wave bridge in tuning up the trans
mitter and adjusting the antenna- but few 
home-built s.w.r. bridges will work on 6 or 2. 
T his station includes a v.h.f. s.w.r. bridge. It is 
described in detail in Chapter 11. 

T he complete station is shown in block-dia
gram form in f'lg. 7-2, with much the same ar
rangement of: component parts as in the photo
g raph, Fig. 7- 1. How the various units work 

Fig. 7-2-Block diagram of the two· 
band v.h.f. station. A central unit 
contains the speech equipment, pow
er supply a nd control circuits. The 
ant•nna connects to o send ·receivc 
relay an the back of this unit through 
a standing-wave bridge. The trans· 
miller r.f. assemblies for 50 or 144 
Mc. plug into the left side of the con
trol unit, and a tuner for 14 to 18 
Mc. into the right side. Converters 
for 50.. or 144-Mc. reception plug into 
the right side of the tuner. The vari· 
ous units may be interconnected with 
cables, instead of being plugged lo· 
gether, if operating convenience sa 
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together should be self-evident. All except the 
control unit are described elsewhere in this 
book, so we'll run over each only briefly here. 

Receiving 

Some means of listenjng is usually the first 
requirement of the newcomer, so we will con
sider reception first. It is almost standard prac
tice in v.h.f. circles to employ a converter of 
some sort, which changes the signal on 50-54 
Mc. or 144- 148 Mc. to some lower frequency 
before it goes tl1rough the detection process. 
There are several reasons for this, but perhaps 
the most important is selectivity. It is difficult if 
not impossible to attain the desired degree of 
selectivity at 50 Mc. or higher, but lh<~ difficulty 
decreases with frequency. This is the main rea
son for the use of so-called double-conversion 
receivers, even on our lower amateur bands. 

Tn a communications receiver, a 14-Mc. sig
nal, for example, may b e converted to 455 kc. or 
lower, where it is more readily amplified than 
at the original frequency. In our receiver we 
convert from 50 or 144 Mc. to 14 Mc., and our 
amplification and d etection take place at the 
latter frequency. This is not quite as good as if 
it were done in the manner of the communica
tions receiver, which would include n second 
conversion, but it does have advantages for the 
home constructor, not the least being simplicity. 
We can tune 14 to 18 Mc. with our little tuner, 
without the tracking problems that bedevil the 
designer of a superheterodyne-type 14-Mc. re
ceiver, and the whole works involves only a 
broad-band amplifier, a d etector, and a simple 
nudio system. These jobs can be h andled easily 
with three tubes. 

Ahead of this we use crystal-controlled con-

verters, which amplify the signal and then con
vert it to some frequency between 14 and 18 
Mc., at which point om tuner takes over. Jf you 
decide to go to the communications-receiver 
method of reception later on (a desirablo stop if 
you can afford it ), these converters will i:tive you 
v.h.f. reception of the highest caliber. The sim
ple tuner need not be abandoned, however. It 
can serve for portable opf:ration, or for use un
der any ci rcumstances where the ultimnte in 
sensitivity and selectivity are not required. For 
the full story on the tuner, and the converters 
that go wit h it, sec Chnpter 4. 

The Transmitters 

You can build a lransmitter for 50 or 144 J..,fc. 
with fewe r parts nncl simpler circuits than the 
ones shown h<'rc. You might even d evelop the 
same power 011tp11t for a b it less money than we 
have spent. But simplicity and low cost can be 
delusions. We started w ith v.h.f. crysta ls, for ex
ample, and came up with a one-tube 6-meter 
rig and a two-tu her fo r 2. They were unstable, 
both ns to warm-up drift and frequency shift 
under keying and modulation, so they were 
ruled out. The tube lineup we finally used 
would work with fewer tuned circuits, but it 
might then rndiate slrong unwanted hnrmonics, 
and be something of a neighborhood nuisance. 
The~e trnnsmiltcrs arc designed to their job 

well. You will be justifiably proud of the quality 
of their signnls, on voice or c.w., and they arc 
well-adapted to increasing power, when you're 
ready for that next st<'p. They are built just as 
much alike as possible, to keep parts procure
ment and the need for spnres to n minimum. 
Their construction and operation arc described 
in Chapter 6. 

THE MODULATOR, POWER SUPPLY 

AND CONTROL UNIT 

One of the problems often encountered in 
putting together a complete station is a satisfac
tory means of controlling it. Complete control 
of our station is built into the modulator and 
power supply portion. It is the central item of 
lhe station, designed so that the transmitter r.f. 
assembHes plug into its left side and the receiv
ing gear into the right side. In the audio portion 
a 12AX7 dual triode speech amplifier drives a 
6L6G modulntor. The microphone may b e 
either crystal or high-impedance dynnmic. T he 
power supply for the entire station is included , 
ns :ire the circuits for send-receive switching. A 
coaxial antennn chan ge-over rclny is mounted 
on the rear wall. The standing-wave bridge and 
test meter is described in Chapter 11. 

The chassis is 7 by 12 by 3 inches in size. 

Layout of parts is not criticnl. If the gencr::il 
physical arrangement shown in the photographs 
is tL~ed there should be no problems encoun
tered in building lhc unit. Looking at it in Fig. 
7- l, we see the speech amplifier tube in 
the foreground. To the left is the filter choke. In 
back of the 12AX7 is the 6L6G modulator, and 
in Hne therenfter :ire Lhc modulation trans
fonncr a11tl lhe voltnge-rcgulator tube. At the 
rear of the pich1re arc the rectifier tube and the 
power lrnnsformcr. 

On t he front wall nt the left are the main a.c. 
swi tch, 5 1, and a red pilot light. The upper of 
the two toggle switches is the dual send-receive 
control, S~. This swi tches the high voltage from 
transmitter to receiver, :ind also applies a.c. to 
the coaxial relay, which is mounted on the back 
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of the unit (see bottom view, Fig. 7-3). The 
second switch, just below the send-receive con
trol, is used to apply voltage to the receiver while 
the trausrnitter is on, if desired. This enables the 
operator to monitor hi.~ transmissions, and a lso 
can be used for duplex operation (above 51 
:'lie.) if separate transmitting and receiving an
tennas are used. At the right arc the microphone 
conuector and the gain control for tho speech 
amplifier. 

From the bottom view it is obvious that there 
is plenty of room for tho parts. All leads that arc 
not part of the components themselves arc made 
with shielded wire ( £3dden 8885). This may 
not be entirely necessary, but it is a good pre
caution against r.f. feedback and hum troubles. 
Liberal use of tem1inal strips mnkes for a neat 
and trouble-free unit. Note tlrnt there arc octal 
power sockets on each side of the chassis. These 
carry the heater and plate voltages for the 
transmitters, l a, left, and receiving gear, J ~ · 
right, as the unit is viewed from the front. 

In the bottom view the coaxial relay is seen 
on the rear waU of the chassis. Note that Lhe a.c. 
terminals arc bare in this picture. Before the 
unit is put into service these leads should be 
covered securely with plastic tape or in'iolated 
sleeving. The coaxial connectors come in close 
proximity to them when the cables arc con
nected, and a shock is likely if the rclar ter
minals are not protected. In the upper left of 
the picture is the power transformer. 13elow it 
are the regulator tube socket and one of the 
electrolytic filter capacitors. This capacitor was 
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added during the testing of the equipment, 
only tho dun! 8-µf. capacitor at the upper right 
having been included originally. A triple 8-µf. 
450-volt capacitor or thr<'C separate 8-µf. 450-
volt capacitors can he used eC]ually as well. The 
modulator and spcech-ampliOcr components arc 
at the lower right of the bottom view. The main 
control switch and pilot socket arc in the upper 
right. 

Jn tho schemntic d ingrnm, Fig. 7-4, the mnin 
control switch is shown in the off position. When 
it is closed, the power circuits arc activated, ap
plying r.lnmcnt nnd plate voltngc to the recti
llcr, a11CI hcntcr voltngc to the modulator and 
lo whatever eC]11ipmcnt is plugged into it. The 
send-receive switch, S.,, is shown in the reccioe 
position, which is the \~ay it should be left when 
the slalion is turned off. \Vith the power on, 150 
volts, regulated, is applied to the nmplifier and 
detector luhes in the tuner and to all n1bcs in 
tltc converter, through Pin 6 of socket ].,. The 
audio stnirc in the tuner receives its high-voltage 
d.c. tlirough Pin 2 of] .•. When S., is i11 t11c send 
position, a.e. goes to tfic coil of "the coaxial re
lay, K,. and high-voltage d.c. to the transmillcr 
through Pin 2 of socket l a, and lo the speech 
amplifier and modulator tubes. 

Nole that t11c plntc current of the transmitter 
output stage llnws through the secondary of the 
modulation transformer, T 1 • The fluctuating au
dio voltage from the modulator, nlso in this sec
ondary wind ing, adds to nnd subtracts from the 
d.c. voltage thnt reaches lhe amplifier plate 
through Pin 6 of J3 . This, in simple terms, is the 

Fig. 7-3- lnterior of tho modulator and powor·supply auombly. Nole the antonna changeover relay mounted 
on the back of the chassis. 
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Fig. 7-4- Schematic diagram and parts information for tho modulator and power supply. Capacitor values 
in µf. unless otherwise indicated. Rc•istors Y2 wall unless specified. 

C,-C, ind.-8 µf . 450·volt electrolytic. C1, C: and C, P,-115-volt plug. 
can be separa te or combined in one housing. R,-0.5-mogohm control, audio toper. 

C0- 10 µf. 25·volt electrolytic. S., 50- Toggle switch, s.p.s.t. 
11-Pilot lamp and socket. s ,- Togglo switch, d.p.d .t. 
J,-Microphone connec tor (Amphenol 75·PC1M). T,-20-wott modulation transformer, pri. 10,000 ohms, 
J,, J3- 0ctol socket (Amphenol 77 MIP-8). sec. 3, 5, and 8000 ohms (Triad M3X). 
J,, Jr~ J0- Cooxial fi ttings on relay K1• T"- Power transformer, 270-0·270 volts, 200 mo.; 5 v., 
K,-Cooxiol antenna change-over rolay, 115 volts o.c. 3 amp.; 6.3 v., 4 am p. or more (Stancer P-8172). 
L,- 4.5 hy. 200-ma. fi lter choke (Stancer C-1411). 

modulation process: making the transmitter am
plifier plate voltage vary in relntion to the audio 
voltage developed in the speech nmplifier. 

The switch S,1 is shown in the open position, 
which allows the receiver to go off when the 
transmitter comes on. Closing S:1 keeps the re
ceiver operating during transmitting periods, for 
monHoring or duplex work. In using tbe outfi t 
this way you will probably h:wc to use ear
phones on the receiver to prevent audio feed
back. Keep the audio gain <.'Ontrol on the tuner 
turned down low, or your ears will take a beat
ing. 

Checking Modulation 

Some kind of lamp load is helpful in observ
ing the effects of modulation on the transmit
ters. Connect a crysta l or high-impedance dy
namic microphone to the modulntor, and with 
the audio gain turned down, adjust the trnns
mitter for maximum output ind ication as de-

scribed in Chapter 6. If the lamp load is made 
of several blue-bead pilot lamps connected in 
para llol, the bridge Cf\n also be nsed as an am:
iliary indication of power output. If the load is a 
115-volt lamp the mismatch may be too high to 
use the bridge effectively. F or more on dununy 
loads, sec Cbapter 11. 

Advance the audio gain slowly while speak
ing into the microphone. As the gain is increased 
it will he seen that the brilliance of tbe lamp 
indication increases witb speech. There should 
be appreciable brightening, b\1t the plate and 
grid Cl1 rrent~ should not vary. Adjustment of the 
grid drive and tlie loading aITect the ability of 
the transmitter to modula te properly. If the grid 
current is too high or too low, modulation may 
cause the currents to fluctuate, indicating tbat 
the voice quality will suffer and the transmitter 
may cause interference outside its nom1al pass
band. Most effective modulation will be ob
tained at the highest gain setting that can be 
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used without causing the plate or grid current 
to Auctuate. 

It is possible that the modulation may be low, 
even if the transmitter is working properly, due 
to limited output from the modulator. The mod
ulator will deliver 7 to 8 watts of audio with
out severe distortion. This means that the trans
mitter shoulcl not run much over 15 watts input 
if full modulation is to be achieved. If you get 
reports of "low modulation" from fellows you 
work, reduce the transmitter input slightly by 
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detuning the loading capacitor and readjusting 
the plate tuning for the point that gives tl1e 
greatest output with the least plate current. A 
current of 60 to 70 ma. will be about all tl1at the 
modulator will handle well, though on c.w. it 
will he possible to irn.:rease the loading to the 
point where the final stage runs 20 watts input 
or more. This js worth having, though the dif
ference between it and tl10 15 watts that can be 
folly modulated will be just barely noticeable 
at the receiving end. 

TRANSISTOR PORTABLE STATION FOR 50 MC. 

Though "working portable" from the high 
spots has been an i11tegral part of the v.h.f. 
game since the earliest times, it remained for 
the age of transistors to bring lightweight porta
ble v.h.f. stations into the realm of full prncti
cality. The 50-Mc. station in Fig. 7-5 is com
plete, including even the antenna system and 
microphone, yet it is a mere 5-pound handful. 
It delivers a good-quality voice signal of up to 
one watt, and it~ receiver will pick up any a.m. 
signal that you could hear on the best home
station sel11p, yet the station will operate for 
many hours on its seU-contained pack of D cells. 
You can run the rig from the car battery when 
it is convenient to do so, but you can also take 
it to any spot you can reach on foot, and have 
it ready to go i.n minutes. 

What's Inside 

The handmade sheet aluminum box is 4~i by 
6 by 9 inches in size. Inside are separate units 
for transmitting, receiving, modulation and pow
er, any of which can be changed without dis
mantling the others. The receiver is a small im
ported pocket broadcast set, with a crystal-con-

trolled converter ahead of it. The converter is 
seen in the left foreground of Fig. 7-6. Its ad
justments are reached through holes in the right 
side of the case, as viewed from the front. The 
broadcast receiver, attached to the front panel, 
shows in tl1e left rear corner of Fig. 7 -6. At the 
right rear, in back of the battery pack, is the 
transmitter r.f. unit. Just above this assembly is 
a rcadymacle 1-watt audio <1mplifier, modified 
for modulator service. Each of these units will be 
described in detail. 

With the transceiver, in Fig. 7-5, are the mi
crophone, a 35-foot "long-wire" antenna, a 
dummy load for testing the transmitter, and a 
small antenna coupler built into a plastic parts 
box. These items, a Minilog a n<l miscellaneous 
small tools and spare parts are carried in a zip
pered pbstic "gym bag" 5 by 9 by 12 inches in 
size. A lightweight portable 3-element beam 
that makes this little station ;'really talk" is de
scribed in Chapter 9. 

Transmitter R.F. Unit 

The transmitter is shown in Figs. 7-7 and 7-9, 
with its circuit diagram in Fig. 7-8. Parts are 

Fig. 7-5-The SO.Mc. portable 
station, complete with all nec
essary operating accessories
total weight: under S pounds. 
Accessories grouped arour>d 
the transceiver: the micro· 
phone, miniature antenna 
coupler, pilot-lamp dummy 
load and a 35.foot "long· 
wire11 antenna. 
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Fig. 7-6-lnlerior of the SO.Mc. lransislor transceiver, with lop plate, right side and rear panel removed. Paris 
of the switching circuits and the small broadcasl receiver used far the i.f. syslem ore seen an the front panel. 
Tho C-1hoped 1ubossembly al the left is one of several converters tested in the transceiver. The transmilter r.f. 
assembly is seen in back of lhe package of 7 " O" cells. At the upper part of the left-side panel is the modulalor. 

mounted on an aluminum plate mnde from a 
sheet 3 by 7 inches, with r. inch folded up nt 
the bottom. This fastens to the trnnsceiver bot
tom plate with self-tapping screws. The oscilla
tor nnd buffer stages use 2N706 transistors. 
These nre at the left side of Fig. 7-7 and tho 
right of Fig. 7-9. Aluminum shields 2 by 2J~ 
inches nrc mounted ou spade lugs nt 2 and 4 
inches in from the left side, as seen in FiJ!. 7-7. 
Lends from L2 and L-1 run tJuough tJ1ese shields 
and arc insulated from tJ1em by sleeves of poly
ctJ1ylenc made by removing the conductors 
from small pieces of RG-58 or 59 coax. 

The output stage has two silicon v.h.f. power 
transbtors in parallel. Several types are usable, 
but the leas t expensive we've found arc the 
Archer ( Hadio Shack) 27Rl31 shown here . 
11CA's 2N3553, 2N3866 and 2N4427 also work 
well , nnd cnn be run at higher input if desired. 
2N70Gs work well in the final, but will not stand 
nmplitudu modulation voltage pcnk~ encoun
tered with 12 volts on the collectors. Nearly all 
silicon v.h.f. transistors will do for the oscillator 
a nd buffer, but the 2N706 has a higher djssipa-

tion rating than mo~t. They also cnn be obtained 
for as low as five for a dollar from surplus 
sources. 

The safe dissipation rating for transistors can 
he raised by even the simplest of heat sinks. A 
strip of thi11 brass or flashing copper :y.0 inch 
can be bent into keyhole shape and slipped 
over the 2N706 c.1se for this purpose. The brass 
plates holding tJ1e final stage tr:msistors together 
(Fig. 7-7) serve tJ1e dual purpose of heal sink 
and parallel collector connectors. Dimensions 
are not critical, but ours are 0.041 by %-inch 
brass, about l~ inches long. Aluminum would 
be equally good. Be sure that these do not touch 
the mounting plate or the socket-mounting 
screws at any point, as the collector and case arc 
connected together in power transistors, and 
tlrns the case h:is the supply voltage on it. Con
t<.:r- to-cent<.:r spacing of the holes should be the 
same as that of the tn1nsistor sockets, one inch in 
thi.~ case. 

Various output circuits were tried , with tl1c 
series-tuned center-tapped arran,::cmcnt shown 
in Fig. 7-8 working out best for this setup. 
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Fig. 7·7- Tra nsmitter portion of the 50·Mc. trans istor rig. At the left side ore the crysta l oscillator ond buffer 
stages. The two transistors in the output stage are connected in parallel by mea ns of two bross plotes, which 
a lso serve as a heat sink. The amplifier collector circuit is tuned by mea ns of the knob at the lower right, the 
surface of which is slotted to permit adjus1ment with a screwdriver, through a hole in the left side of the 

transceiver case. The crystal and the two tuning sl ugs are also provided with access holes. 

XTA L OSC. BUFFER 

J~ll 
1-111a.tl: 
audio 
amp. 

AMPLIFIER. 

Black~<--~~~
Jlfhiteo 
Bt0w11 
Om;/:J 
8/a£k 

Fig. 7·8- Schematic diagra m ond parts information for the transmitter portion of the 50·Mc. transceiver. Re
sistors ore oil V.. wott. Decimal v:ilues of capacitance are in µf; others in pf. Suffix F ind icates feed-through 
type. All others not described o re Mylar or dipped-mica, 50·volt ra ti ng or more. The modulator is shown in 
outline form on ly, since it is a reedy-mode unit. Lead colors given are for Radio Shack audio ampli fier, type 

2n-038, having a 1-watt roting. 

C,- 35-pf. subminioture variables (Millen 25035E). 
C0-180·pf. mica trimmer (Arco 463} 
c ,- 5·µf. 25-volt electrolytic. 
J, - Phono lack. 
L" L3-5 turns No. 24 enamel, closewound 01> V..-inch 

iron-slug form. (Miller No. 4501, with 3 turns 
removed or wind on No. 4500 form.) 

L2, L,- 2 turns insulated wire wound near bottom end of 
l, and L3 , respectively. 

L5- 10 turns No. 20, 16 t.p.i., '.!,-inch diam., center
tapped (B & W No. 3003 Air-Dux 416T; PIC 
1730). 

l,,-2 turns insulated wire around center of L, . 
Q1, Q0- 2N706 or equiv. See text. 

Q3, Q,- Silicon v.h.f. power transistor, 1-waH or higher 
d issipation. See text. 

RFC,-RFC., incl.-8.2-µh. iron-core r.f. choke (Mil len 
J300-8.2). 

T,-lnput transformer, high-impedance microphone to 
amplifier input, 200k to 1000 ohms (Archer 27-
1376). 

T~-Output transformer; 45 to 50-ohm primary, 3.5 or 
8-ohm secondary. Connect low-impedance wind
ing to amplifier output, a nd run final-stage 
collector current through 50·ohm winding 
(Knight 5404 l 47 ). 

Y,-Third-avertone crystal, 50.11 to 54 Mc. (lnterna· 
tionol Crysta l Mfg. Co. Type F-605). 
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( 

Fig. 7-9-Back view of the transmitter, with output stage at the left. Partitions isolate the three sta ges; crystal 
oscil lator al the right, buffer at th e middle. 

output is taken ofT through a series-tuned loop, 
L11, wound around the midpoint of L;; The series 
capacitor C., is a high-minimum mica trimmer, 
visible directly over the tank coil in Fig. 7-9. It 
can be adjusted for optimum transfer to a 50-
ohm land and left set thereafter, since adjust
ment is not critical. 

Modulation 

The audio amplilier used for the modulator 
( Hadfo Shack 277-038, 1-watt rating) has an 
output transformer with a low-impedance sec
ondary. This must be replaced with one suitable 
for modulation purposes, or a step-up transfor
mer can be added. \Ve chose the latter, as it was 
ei1sier to fincl than one designed specifically for 
modulator service. An input transformer to 
match the high-impedance microphone must 
also be added. The extra transformers, T 1 and 
T., in Fig. 7-8, are visible in Fig. 7-6, mounted 
at opposite ends of the amplifier. The modula
tion transformer is connected "back to back" 
with the output transformer of the amplifier, 
and h<is the collector curn:nt of the final stage of 
the transmitter nmning through its 50-ohm 
wind ing. 

The amplifier h::is p.n.p. transistors, so it is 
set up for positive ground, as is the broadcast 
receiver. In using the transceiver in negative
ground cars (U.S. standard) 'the "ground" side 
of the amplifier find broadcast receiver must be 
isolated from the transceiver case. The amplifier 
is mounted on an aluminum hracket, making 
sure that the mounting screws do not come in 
contact with the positive-voltage circuits of the 
module. Parts of the amplifier circuit that con
nect to the positive lead (brown lead in the unit 
used here ) are bypassed to the transceiver ca.se 
with an electrolytic capacitor, Ca in Fig. 7-8. 

The amplifier unit is intended for 12-volt ser
vice, but it works well a t lower voltages. Its out
put tracks with the input to the final stage of the 

transmitter as the supply vol tage i.5 changed, so 
the modula tion percentage remains about the 
same regardless of the power source used. 

Signal quality and modulation percentage 
depend on many factors. With our operating 
conditions the best modulation is obtained with 
audio npplied only to the collectors of the am
plifier stage, mid with the final collector circuit 
detuned s.lightly on the high-frequency (low 
capacitance) ~ ide of resonance. \Vhen tuned for 
rn;1ximum output the stage shows little upward 
modula tion, and when C.1 is de tuned to the 

l ~! 
r 

~ 
=I • ---

• fi 

-~ 
flt. 

~ 

Fig. 7-10-Front view of the converter portion al the 50-
Mc. transceiver. Core studs at the right side are for ad
justing the r.f. amplifier collector circuit, the mixer base 
circuit, and th e oscillator collector circu it. The r.f. stage 

input circuit is al the lower left. 
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R.F.AMP. MIXER 

ToS1A. L7 ~g ~ L6 Os 

1"1"7--~ 100 
66 ;J; 1000 

Fig. 7-11-Schemotic diagram and ports information for the transistor converter. Decimal values of capacitors 
are in µf; others in pf. All ore Mylar or dipped mica, 50-volt roting or more. Resistors ore ~-watt composition. 

Parts are numbered serially following those of the transmitter. 

C,-Leods of insulated hookup wire twisted together 4 
turns. See text. 

J, , J,,- lnsu loted tip iack (Johnson 105-800). 
l;-2 turns of the inner conductor of the lead lo S,, 

wound over bottom turns of L8• See text and 
Fig. 7-12. 

L., L., l 10, L,.-6 tu rns No. 24 enamel, on ~-inch iron· 
slug ceramic form (Miller 4500, or 4501 coil 
with 3 turns removed.) l • is lapped al 2 turns 
from ground end. If made from prepared coil, 
unwind, clean insulation at tap point, solder on 
tap, and rewind. Space out turns on any coils if 
needed to obtain resonance within core range. 

lu- 2 turns No. 24 enamel, wound over bottom turns 
of l,0• 

high-cnpncitnnce side the quality is poor and the 
modulation clistinctly downward. The amount 
of detuning needed depends on Lhc collector 
voltage, increasing wilh vol tage level. 

Output capability is about one watt at 9 volts 
and two watts at 13 volts, but the stage must be 
detuned to one-half and one watt, respectively, 
for good modulation. About 300 milliwatts out
put is possible, with good modulation, at 6 volts. 

Transmitter Adjustment 

Tuneup is very simple. Checking individual 
stages for current drain is desirable, and adjust
ments can be made at lower tlmn rated voltages 
initially. Operation at 6 volts is similar to tl1at 
at higher voltages, and it may be safer in the 
check-out phase. Apply voltage through the os
cillator feed through capacitor only, at fi rst, and 
check the current drain. As tl1e slug in L 1 is 
moved there will be a downward dip in collec
tor current as the crystal begins oscillnting, to 
around 10 ma. at 6 volts. At 9 volts the oscillator 

L,,-Abaut 8 turns No. 24 enamel, wound aver turns of 
bui lt-in loopstick of broadcast receiver. Position 
and number of' turns not critical. 330-pf. ca· 
pacitor also uncritical. 

P., P,- lnsulated solderless tip plug (Johnson 105-300). 
Q,_ Q 0, Q,-Silicon v.h.f. transistor (RCA 40235 used; 

40236 through 40240 also fried). 
R,-680 and 68-ohm '.4-watl in series. Check different 

values for optimum amplifier performance. 
RFC,,-8.2-µh r.f. choke (Millen J300-8.2). 
S,-Twa-pole two-position slide switch. 
Y,-Third·overtone crystal, 49.5 Mc. International Crys-

tal Mfg. Co. Type F-605. 
Y3-Same as Y,, but 51.5 Mc., or as desired; see text. 

current is 15 to 20 ma. Output is cDough to light 
a 2-volt 60-ma. pilot lamp dimly, if a loop of 
wire is soldered to its terminals and slipped over 
L 1• Set the slug in L 1 for the highest output nt 
which the oscillator starts readily each time 
voltage is applied. 

Now apply voltage to the buffer through 
RFCa, and check current drawn by Q2. It will 
rise as the oscillator is · tuned toward maximum 
output, and the pilot lamp load should glow 
fairly brightly when coupled to L 3 . Adjust the 
stud in L~ for maximum output. Current drain 
will be 20 to 30 ma. with the stage working cor
rectly. 

Check the amplifier similarly, applying volt
age through RFC.1• The current to this stage 
will be practically nil until drive is applied, 
after which it is proportional to tl1e drive level. 
A 6-volt 150-ma. pilot lamp (brown bead, No. 
40, 40A or 47) makes a good dummy load when 
the rig is intended to work into 50 ohms. Ot11er 
lamps will light up, but they do not approxim::te 
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50 ohms :it normal brilliance. Solder short wires 
to the base :ind plug these into the BNC fitting, 
or tempomrily solder the lamp ncross the coax 
lead connected to Ln. A lnmp mounted in a 
DNC lltling is a desirable accessory. 

Tune C1 and C~ fo r maximum lamp bril
liance, nt first. Recheck the settings of L 1 and L11 
also. T he lnmp will light very brightly at 9 to 10 
volts, indicating ;1bout one watt output. Peak 
C., for maximum output, :ind Ienve it that way. 
When modulation is to be applied, detune c1 
on the low-c;1pacitance side while talking into 
the microphone, detuning only enough to get a 
good upwnrd modulation indication in the lamp. 
Note the final collector current under these con
d itio11s. At full output it will be 150 to 200 ma., 
al 9 volts, with detuning to 125 to 150 ma. for 
best modlllation. At 12 vol l~ the best setting will 
be nround 150 to 175 nm. 

If you have several 2N706s, try various ones 
i11 the oscillator and buffer stnges, selecti11g the 
onrs that drive the final collector current to the 
highest value at the 111<1ximum-output tuning 
condition. 

When the detuning procedure outlined is fol
lowed the resulting modulation characteristics 
arc at least as good as those of any small pen
tode or tetrode tube transmitter for the v.h.f. 
hnnds. Voice quality is good <ind ' 'talk power" is 
high, as there is some inherent clipping effect 
that tends to preve nt excessive modulation and 
splatter. 

The Receiver 

Use of a simple crystal-controlled converter 
workin~ into a pocket broadcast receiver for the 
i.f. :rnd audio system gives more than adequate 

Fig. 7-12-Reor View 
of the 50·Mc. convert
er. The r.f. amplifier 
transistor socket and 
the input coil ore iso
lated from the rest of 
the converter by on 
L·shoped shield, lower 
right. Leads at the top 
run to the crystal 
switch. Those with tips 
attached plug into 
jocks connected to the 
mixer collector wind
ing on the loopstick. 
Coax a t the lower 

right goes to Su . 

sensitivity, :ind the selectivity is good. A friction
drive vernier, to be described later, provides 
smooth tuning. There are we<iknesses however, 
as in any very-simple approach. Tbe main prob
lem is spurious rc.~ ponscs. Im<ige rejection is in
herently low, with such a low intermediate fre
quency, but this is turned to an advantage by 
settin~ up the converter injection so that it can 
be on either the high or the low side of the 
signal frequency. 

Converter Circuit Features 

The schematic diagram, Fig. 7-11, makes 
most circuit details self-evident. l\fost silicon 
v.h.f. transistors work well in these stages. The 
r.f. amplifier, 0:;. is a common-base stage. Its 
collector circuit is band-pass coupled to the 
mixer, 0,.. The mixer collector circuit is a few 
turns of wire wound over the built-in antenna 
( loops lick) of the brondcast receiver. The oscil
lator, 0-. has one crystal ( r .,) wired to a selec
tor switch, s .. A. The other side of the switch, 
S.,8 , is conncc-tcd to <1 crystal socket on the front 
panel, so that crystals may be plugged in for r~. 
to clo any of several jobs. The crystal socket is 
omittecl from Fig. 7-11 for simplification. 

When crystal Y., is selected by S~ the injec
tion frequency is 49.5 l\lc. Beating '~itb incom
ing signnls, this produces intermediate frequen
cies between 500 and 1500 kc. fo r a signal range 
of 50 to 51 Mc. The broadcast receiver may not 
go down to 500 kc. unless its oscillator padder is 
fudged 11 hit, but the lowest frequency usable 
for voice in Lhi.~ country, 50.1 Mc., comes in at 
600 kc. If you don't care about tuning as high as 
51.1 Mc. the crystal frequency for Y2 can be 
modified to sui t your desires. 
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Use of a crystal on 51.5 ~[c. for Y3 permits 
tuning of the first megacycle of the band in the 
reverse direction on the broadcast dial. The low 
end appears a t 1500 kc. and 51 Mc. is at the 
500-kc. end. This provides a quick solution to 
image problems that may crop up locally, since 
image rejection is much better at the 1500-kc. 
end of th r receiver's tuning range. 1\lobile ser
vices around 48 1\ilc. ride through strongly as 
images when Y 2 is used, but disappear when Ya 
is switched in. A local MARS net just below the 
band edge takes over the receiver when )' n is 
used, but gives no trouble with Y~. On the oti1cr 
h::md, Y:1 puts most of the band occupancy in 
the pnrt of the dial where tuning rate is least 
favorable. Signals in the upper half of the band 
(if there arc any) appear as images in the tun
ing r:mgc when Y:1 is used. So it boils down to 
using whichever crystal docs the bes t job under 
conditions of the moment. 

Plugging other crystals in for Y:1 provides cov
erage of any one-megacycle segment in or near 
the 50-Mc. band. For ranges other than 50 to 51 
Mc. the r.f. circuits must be repeaked for opt i
mum reception, hut this is done readily enough 
by movi11g the core studs in L N, L11 and L 10• 

Hepeaking these lower in frequency gives 48 to 
49 Mc. with Y.,. Running them out and switch
ing in 1':1 give'S 52 to 53 Mc. 

Receiver Construction 

From Figs. 7-5 a nd 7-6 it will be seen that 
the broadcast receiver is mounted on the front 
panel of the transceiver, with the back of its 
case removed and the speaker facing forward. 
No specific dimensions can be given as there is 
an almost unlimited variety of small receivers 
available. \Ve recommend that one of the bettc ·r 
types be used; a.v.c. action and audio quality 
are considernbly better in most 8-tr:msistor 
models than in the very cheap 6-trnnsislor ones. 
T he one used here is flnd io Shack's 8-transistor 
job, priced around eight dollars. 

Most pocket set~ use p.n.p. trans istors, and so 
have opposite battery polarity to that required 
for the 11.p.n. transistors in the transmitter and 
con verter. T his poses no real problem, as the re
ceiver ca.~cs nre plastic and there is no "ground" 
as such. We d rilled holes near the four comers 
of the case for mounting. 'With some sets it may 
be necessary to install wire screening inside the 
speaker hole to prevent pid..<1p of broadcast sta
tions, but this was not needed with the receiver 
used here. 

A vernier drive for lhe broadcast receiver dial 
can be made quite simply. A !:-inch panel 
hearing ( E. F. Johnson 115-255) is used with a 
drive shaft of J.:-inch lubing or rod. A small 
n1bher grommet is slipped over the shaft in a 
position to hear against the edge of the small 
circular dial of the receiver. The mounting hole 
for the hearing can be llled slightly oval in 
shape, to permit adjusting the pressure of tho 
gromme t on the din l. You can select your own 
tuning rnte by trying different sizes of grom-
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met~. We liked the smallest: one with a ls-inch 
c<'nter hole and intended for mounting in a 
J.:-inch hole. This has to he stretched some to 
gel it on the J.:-inch shaft, but it holds fim1 and 
works llnc. One grommet will stand up for 
months of operation. 

The converter chnssis is a C-shapcd piece of 
:'lluminum, cut to 21.l by 5 inches and then bent 
over one inch top and bottom. The physicnl 
lnyo11t is not particula rly critical, except thnt the 
holes for the three coils ( left side of Fig. 7-12) 
should be ~I inch center to center. They are on 
n verlicnl line ~ inch in from the side of the 
plate, with Ln J~ inch up from the bottom. Next 
above it is L 111, w ith the oscillator coil, L 1;11 at the 
top. The r.f. input coil, Lil, is 1' inch in from 
the other side, and the socket for O:o is centered 
approximately between Ls and Ln. The sockets 
for Or: and 0 7 are :ilong a vertical line lJS 
inches over from that of tl1e three coils. On is 
midway between the center lines of Lrn and L1 ~ 
(% inch up from L 10). and Q7 is the same dis
tance ahove the level of L1:i· The r.f. amplifier is 
isol:'lted from the rest of the converter by means 
or :'In L-shaped slueld mounted on spade lugs. 
T he amplifier collector lead runs through this 
shield to L11• The converter assembly is h eld on 
th<' hot.tom plate by two self-tapping screws. 

The antenna coupling winding, L7, is made 
from the inner concl11ctor of the RC-174/U 
cmix used for the lead to 5 1 ,,. Strip the braid 
back about two inches and leave the polyethy
lene intac t except for about ~ inch at U1e end, 
for sold!'ring to the series capacitor. Wrap the 
insulated conductor around the winding in tl1e 
same direction as the bottom turns of Lp., and 
solder the braid and one side of the series capac
itor lo a ground lu~ under tl1e coil mounting. 
Leave some surplus length in the coax, so that 
the converter can be removed witl1 the connec
tion to SI• left intact for minor adjustments. 

T he common positive supply lead and the 
mixer collector lead arc fitted witl1 soldcrless tip 
plugs ( E. F. Johnson 105-300) which llt into 
matching jncks (105-800), to permit e::isy dis
connecting for converter reinova]. (This maker's 
tiny fHb- Lnc plugs and jacks would be fine 
here.) T he jacks are sold ered to a tic-point strip 
visible in Fig. 7-6, just adjacent to the top of tl1e 
hrondcast receiver. The oscillator base and col
lector leads running to S .•• and S.,,, arc made just 
long enough to reach the- tem1inals of the switch, 
and must be uasoldered to remove tl1c converter. 

Packag.ing and Power 

Prcs11mahly tl1e component~ of the trans
ceiver could be fitted into some stanchircl-size 
case, but the metal work involved in makfog 
your own is not extensive. The front nnd back 
panels arc 4~; by 6 inches, with :II inch folded 
over on all sides. Metal size before bending: 
SJ~ by 6~~ inches. Sheets fo r the sides are cut 
SJ~ by m; inches, and bent up to 4~; by 9. 
Top and bottom plates arc 6 by 9 inches. Self
tapping screws bold tl1e case together. Access 
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fig. 7-13-Switching and power circu its 
for the transceiver. 

BT,- 7 or 8 "D" cells in series. 
J.,, J0, J,.-Phono jock, 
J7- Polarized power plug an receiver 

battery lead (part of broadcast 
receiver.) 

J.-Coaxiol socket, BNC type. 
P0,.P., P., P6, P1- Phono plug. 
P8- Similar to 11, but polarity reversed. 

Can be removed from top of 
9-volt transistor radio battery. 

s,- 2-pole 3·position wafer switch, minio· 
lure type. 

holes for the transmitter and receiver adjust
ments, and holes for the microphone jack, trans
mitter crystal, and receiver audio gain control 
should bu located according to the parts used. 
Jocks for metering in the negative lead, and for 
internal-external power selection (see Fig. 7-13) 
can be mounted wherever convenient on the 
rear wall. 

The send-receive switch is a wafer type with 
horizontal lever action, though any small 3-posi
tion 2-pole r.f. switch will do. The crystal switch 
is nn ordinary slide type. Ante nnn leads are 
small.size coax ( RC-174/U) throughout. 

The seven or eight "D" cells are wired in se
ries with strips of metal or stiff wire. They should 
be piled in 4-3 layers, wrapped with electrical 
tape to hold them in place, and then damped in 
a wrap-around metal strip that is screwed to the 
bottom plate. This pack has also been made UJ) 

with 8 cells, for slightly-increased t r:msmillcr 
power. 

A variety of power sources may be used. The 
cells shown arc ine.~pensive by the set, and 
stand up very well. Transistors have a very great 
advantage over tubes in overall efficiency, and 
even smaller batteries can be used if light 
weight is the primary consideration. Usually it 
isn't, and we may be more interested in uniform 
performance or economy. Mercury and alkaline 
cells are more uniform and longer-lived thnn 
ordinnry " D" cells, but because of the in termit
tent nature of the load, and their recuperative 
powers, the cheaper cells make a logical choice 
for most users. 0 Anotl)er transistor ''plus" is that, 
with no critical filament temperature to be 
maintained, the efficiency of tl1e transceiver re
mains constant over a wide range of battery 
voltage. Output drops off with fading voltage, 
of course, but the quality of the signal holds up 
until the batteries are almost dead. 

The transceiver may be run from a car bat
tery or other external power source by removing 

• A review of the various types or bnt1cries suitable 
for use with trnnsistor gear is given in QST £or Scptcin
licr, 1967. 

the jumper (P~ and P~, Fig. 7-13) and plug
ging P7 into Jr,. A cigarette lighter plug and 
cable to P 7 is handy for operation from a car 
battery. The car's electl'ical system must be 
negative-ground, which is tlie U. S. standard. 
Rechargable batteries intended for use with 
portable TV sets and other medium-drain de
vices are very nice for the transceiver power, 
where weight is not a major factor. In case 
you're worried about running 12 volts on a 
9-volt transistor radio, this hns been tried with 
several different types with no apparent dam
age resulting. If you still want protection, it's a 
simple matter to install a 9-volt zener regulator 
on the receiver line. One more possibility for 
power source is a simple 115-volt supply that 
delivers 9 to 12 volts d.c., at 300 ma. or more. 

Adjustment and Use 

Adjustment of the transmitter was described 
earlier. Monitoring of the l'otal druin can be 
done with a milliammetcr plugged into h, 
Fig. 7-13. If the meter is removed a phono plug 
with its contacts shorted ( P0 ) is plugged into J6. 

A pilot light connected to a phono plug offers a 
current check of sorts also. A 150-ma. lnmp will 
light at normal brilliance, or slightly more. A 
250-ma. lamp will be bright only on audio peaks. 
The lamp is only a rough check and should not 
be left connected in norrnnl operating, as it 
wastes considerable power. It is handy to have 
one along with the rig, however, as it tells you 
quickly whether or not the current drain is nor
mal. A 150-ma. lamp is a must for a dummy 
load, used as described earlier. 

The tuned circuits of the transmitter and con
verter are broad enough so thnt repeaking is not 
necessary in the course of normal use between 
50 and 51 Mc., except for the retouching of C 1 
in the transmitter. With the twisted-wire coup
ling capacitor, C4 , made as described, receiver 
re~ponse is nearly flat from 50 to 51 r-lc. If there 
is a severe image problem the front-end selec
tivity can be improved at any one portion of the 
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Fig. 7-14-Circuit of the anten na coupler ond its application in feeding o long wire in portable work. Tip 
jocks J

1 
and )

0 
may be used for o bolonced-line system. Any of the three jocks moy be used for rondom

length long wires, merely by checking for best reception. Peak C1 for maximum signal on receiving. Goin 
and directivity of the long wire will dopond on length and slope. 

c ,-11-pf. per section bulterfly vorioble (Johnson 160-
211or11MB11 ). 

C!-Fixed ceramic capacitor, 39 to 68 pf. Check with 
vorioble temporarily, if possible . 

l 1-18 turns No. 24, Y, inch diameter, 32 t .p.i. Top at 

band about 300 to 500 kc. wide by omitting this 
capacitive coupling, and using only the induc
tive coupling arising from the ~:-inch spacing 
between Ln and L 1o- In some areas activity is 
concentrated below 50.4 Mc. or so, and the 
sharper response is no problem. It wi ll improve 
the image rejection at the 500-kc. end of the 
broadcast set markedly, without nn appreciable 
reduction .in receiver gain or sens itivity, except 
in the uppcr part of' the tuning rnngc. 

As with most receivers using hipolnr I ransis
tors, it is important to use a pro1wrly tuned and 
matched antenna system, to avoid overloading 
problems from out-of-band signals. A wcll
matched 50-Mc. beam nccomplishes the ordi
narily, and something like our 50-Mc. por table 
job (See Chapter 9) is highly rcuom111end1..CI. 
\Vhen a beam cannot be used, various "long 
wires" nre effective, if properly tuned and 
match ed to the transceiver input. Wire an tennns 
and the little pbslic-casc an tenna coupler of 
Fig. 7-14, will be found very superior to the col-

5 turns from eoch end ond Ph turns from one 
end (B&W No. 3004). 

l 3-2 turns insulated hookup wire around center of L,. 
)" J:, J3-Tip jock. 
J ,-BNC coble fitti ng . Connect J , and rotor of C, with 

copper strip. 

lapsible whip type of antenna so often used 
with hand-carried equipment. Tilted wires re
spond to various polarizations, and they have 
some gain and d irectivity. 

Various wire lengths can be plugged into the 
tip jacks connected to taps on L1. A balanced 
line, or even an improvised V or rhombic, can be 
p lugged into 11 and 12• Anything will work, but 
usually the longer the better. Tune in a signal 
on the receiver and pe<ek the coupler for maxi-
111 11111 siJ.(nnl strength. 

Tho coupler can be connected directly to the 
llNC fi tting on the transceiver, or a length of 
coax c:in be used. The support for the far encl 
of the wire can be a fi re tower, tree, building, or 
whatever happens to be handy. If there is room 
to maneuver, walk around (maypole fashion) 
until maximum signal is found. Contacts have 
been made at distances up to 125 miles on sev
eral occasions employing U1is haywire but effec
tive approach. 

A SELF-CONTAINED 2-METER STATION 

A low-powered v.h.f. stat ion complete in one 
package is a very desirable asset in many cir
cumstances. It is fine for casual contacts at the 
home station. The man who travels can take it 
along easily for use in motel or hotel rooms, :md 
it is mig hty h:mdy for portable work in con
tests, or for just a p leasant Sunday-afternoon 
outing. 

The requirements for a gcneral-purvose rig 
of this kind are quite different from those for 
the more highly-developed v.h.f. station. Usu
ally a few watts of transmitter power will suffice, 
and the receiver need not be the ultimate in 
sensitivity and selectivity. lI some compromise 
in these respects has to be made in exchange for 
easy portability, low cost, case of construction 
Rnd low power dra in, it will usually be a good 
trade. 

Perhaps the first decision to be made is the 
choice of power supply. Some builders may 
want operation from boU1 12 volts d.c. and 115 
volts a.c. This is not difficult, nor very eA-pensive, 
but a simpler approach may be the low-cost sup
ply for a.c. input only. The latter was the 
choice of W!CER, builder of the package about 
lo be described. ~lost of his operation was to be 
from a.c. lines. If field use from a car battery is 
wanted, the total drain of the station is well 
within the capabilities of inexpensive d.c.-to
n.c. inverters available for 12-volt use. One 
such unit tested with this rig is the Heathldt 
l\IP-10 Inverter, which makes 115 volts a.c. at 
up to 175 watts, continuous duty, with 12-volt 
input. 

Transmitter power level and receiver per
fomrnnce arc important relative considerations; 
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fig. 7-15-A complete onc-pockog<> station 
for 144-Mc. work. Only external connections 
required are for the anten na and mic ro· 
phone. 

if vou arc satisfied with 2 or 3 watts transmitter 
ou.tput there is no real need for the ultimate in 
receiving capability. 'v\lith the simplest prnctical 
transmitter and receiver designs the total power 
consumption, weight and overall cost can be 
kept fairly low. Coing to a 10-watt t ransmitter 
means quite a jump in power supply require
ments, and it calls for something better in the 
way of receiving ability. 

All factors considered, there arc major dif
ferences between the two power levels, yet from 
a practical point of view the results may not 
show it. The margin between 10 watts and 2 
watts is only 7 db. This will not make or b reak 
a v.h.f. sta tion, so the final choice can be made 
mainly on tJ1e basis of how much power supply 
you wa nt to provide, and the effort and c~pcnsc 
you want to incur .in carrying the project to 
completion. 

The objective here was a simple low-cost sta
tion, with enough power nnd receiver sensitivity 
to do interesting work on 144 Mc. Hcsult: a 
station with 2 to 3 watts output, well-modu
lated, and a 2-tube receiver that does n p retty 
fair job. The audio system works on botJ1 trans
mitting and receiving. T here arc 7 inexpensive 
tubes in all. 

--• 
Circuitry 

The receiver is not unlike the simple but 
effective supcrregencrntive job described in 
Chapter 1. A grounded-grid r.f. amplifier 6CW4, 
V1, works into another 6CvV4, V2, as the detec
tor. The mnin feature of the receiver is the 
high-Q strip-line detector tank circuit, L 0 , which 
helps to give better selectivity and stability than 
is obtainable with coil-and-capacitor circuits at 
144 Mc. 

As may be seen from the schematic diagram, 
Fig. 7-17, the audio sys tem serves as botl1 re
ceiver amplifier and modulator. A 12AU7 two
stage amplifier, V 8, and a 6C4 amplifier, V_1, 

drive a 6AQ5 amplifier-modulator, V5. 
T he transmitter uses two triocle-pentode 

6CX8s. The pentodc of V!1 is a crystal oscilla
tor-tripler, using 8-1\llc. crystals. T his drives the 
triCJde portion as a triplcr to 7'2 Mc. Then fol
lows the triode of V 7, doubling to 144 Mc., 
driving the pentode, V 711, as a straight-through 
:unpHfier. The ci rcuit of the transmitter is more 
or less standard practice, except possibly for the 
neutralization. The "capacitor" C13 is merely 
a short insulated hookup wire connected to the 
grid pin, and bent adjacent to the plate lead to 
Lo. 

Fig. 7 -16-Back-of-ponel view 
of the 2-meter tra nsceiver. 
The two transmitter tubes a re 
a t the upper left. The shielded 
assembly in the center is the 
detector tuned circuit. Audio 
tubes are a t the right. 
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Fig. 7-17-Schemotic diagram and ports information for the 2-meter station. Receiver circuits are al the lop, 
audio portions in the middle, and transmitter and power supply bolaw. 

C,, C,-Series-resonant bypass, 100 pf., with \4-inch 
leads. Sea Chapter 13 for details. 

C1- 1.5 to 7-pf. ceramic trimmer. 

C,-Minioture shafMype trimmer, 1 rotor and 2 stator 
plates (Joh';,son 160-102 or 5M1 1, modifi ed). 

C,-15pf., double-spaced (Hammerlund HF-15X). 
C,-50-pf. single-spaced variable (Hammerlund HF-50}. 

C,, c., C0- Triple 40·uf. 450-volt oloctrolytic. 

c ,.-4-uf. 350-valt electrolytic. 

C11- 25·µf. 25-volt eledrolytic. 

Cw-1 O·µ f. 25·volt electrolytic. 
C13- Short insulated wire from Pin 9, adjacent to Pin 7. 
CR,. CR", CR,., CR,-400-volt p.i .v. 500·mo. diode. 
J 1- Coaxiol fitting, S0-239. 
J"-Microphone connector. 
L,-5 turns No. 20, 5116·inch diem., 1h·inch long, 

topped 1 V:z turns from cathode end. 
L,-5 turns No. 22, '!~-inch long on \4·inch iron·slu9 

form. 
1.,-2 turns insulated hookup wire around B-plus end 

of L,. Twist leads to detector assembly. 

Continued on page 156 
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l ,-No. 16 wire inside detector assembly, ~ inch from 
L,,. 

L,-Copper strip l4·inch wide and 9 inches long, bent 
into U shape. See Fig. 7·19. 

1.,.-12 turns No. 24 enom., closewound on 5116·inch 
iron·slug form. 

l 1- 7 turns No. 20, % inch long, on 5/16·inch iron·slug 
form. 

L. -3 turns No. 20, ;, inch long, on l4·inch iron·slug 
form. 

Lu- 3 turns each side of center, No. 12, ~·inch diam. 
Overall longth 1 l4 inches, with space of l4 inch 
al center for L,0• 

L,0-3 turns insulated hookup wire closewound, %·inch 
diam. Insert about half diameter into space al 
center of l,. 

R,--0.25-megohm control. 
R:, R,- l ·megohm control. 
R,,- 0.22.meg. ~·wait, encased in sh ield braid; see text. 
RFC,, RFC", RFC,,. RFC,,, RFC0- l.4·uh r.f. choke. 
RFC,-lO·mh. iron-core r.f. choke. 
RFC,-1 OO·uh. r.f. choke. 
RFC. , RFC0- 10 turns insulated hookup wire, close

wound, 5/16-inch diam. 
s,-2·position 3-section ceramic wafer switch, nonshort

ing. 
S,-S.p.s.t. toggle. 
T1- Power transformer, 520 volts c.t., 90 mo.: 6.3 volts, 

4 amp. (Stancor PC-8420). 
T0- Push·pull pentode output transformer, 8 waits, 

voice coil secondary. 

The power supply uses silicon diode rectifiers 
and an R-C filter, for light weight and low cost. 
The low current drain permits use of a moder
ately-priced power transformer. The power 

drain on transmit is somewhat over the rating 
for the transform er, but on receiving it is well 
below. Since the transmitting periods are nor
mally a small percentage of the total running 
time there is no undue heating. 

Construction 

The transmitter, receiver and power supply 
are all built on a single chassis. The original i5 
copper-plated steel, left over from a previous 
project, which e:qllains unused holes that may 
be visible here and there. The metalwork is 
handmade, and of nonstandard size, but avail
able components may be readily adapted to the 
job. Layout as shown is not critical, except as 
described hereafter, and more than the neces
sary amount of space was used simply because 
it was available. A 7 by 13-inch chassis, or per
hap~ one even smaller, should provide plenty 
of room. 

Looking at the front panel, Fig. 7-15, the re
ceiver tuning dial (a low-cost import with its 
knob replaced with a National HRT-lvl) is in 
the middle. At the left is the 3-inch speaker. 
The send-receive switch is just to the right of 
the dial, and at the far right a rc the transmitter 
output-ll>ading and plate-tuning controls. Across 
the lower part of the panel, left to right, are the 
microphone jack, receiver audio gain control, 
pilot lamp and crystal socket. 

In the interior view, Fig. 7-16, the transmitter 
portion is in the upper left, the two 6CX8s being 
mounted either side of the send-receive switch, 
51• The detector tank circuit, L;;, occupies the 
middle of the chassis. The detector 6CW4 is 
near the upper right corner of the tank circuit 

Fig. 7-18-Under·cho .. is view of the 2-mcter transceiver. Power supply and transmitter compononts ore of the 
left, receiver circuits near the center, and audio stages at the right. 
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Fig. 7-19-Details of the shielded 
strip-line detedor circuit. The as· 
sembly is shown in partial sche
matic form above, and dimensions 
of the copper sheet, before bend
ing, ore given below. The view 
is as it would appear looking into 
the onembly from the bottom. 
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enclosure, and the r.f. amplHler is below it, and 
to the right. The speech amplifier and modu
lator tubes are at the right end of the chassis. 

In U1c bottom view, Fig. 7-18, t·he trnnsmitter 
components are at tl1e lower left, thu power 
supply in Lhe upper left, receiver circuits at 
the center, and audio stages at the for right. 
The speech amplifier gain and detector regen
eration controls, R4 and R1 respectively, do not 
have to be reset in normal operation, so they 
arc mounted on U1e chassis, in the lower right 
portion of this view. 

Receiver Details 

The shielded strip-Une tank circ11 it, Lr,, pro
vides somewhat better selectivity and smoother 
detector opera tion tl1an would a coil-and-capa
citor circuit, because of its higher Q. The shield
ing also helps to keep down detector radiation. 
The assembly is shown in partial schematic fom1 
in Fig. 7-1 9, <1long with U1e principal dimen
sions of the copper plate from which the shield 
is bent. 

As may be seen, <t piece of copper or brass 6J: 
by 4JO inches is needed. This is cul and hcnt to 
fonn a l hy 2 by 4lf-inch box, with ~;-inch 
Hps that bolt to the main chassis. A pnrlilion the 
full height of the box and 31~ inches kmg runs 
clown the center. The end antl lower edge arc 
folded over, for grounding to the cnsc. The de
tector inductance is a J;-inch copper strip bent 
into U shape, grounded at the upper left end, 

and supported at two points with small stand
oCfs. The ceramic padclcr, C3, is mounted in the 
top of the co1npartment, as may be seen from 
the top view, Fig. 7-16. Connection to the hot 
end of tl1e line is brought out through a small 
feed-tl1rough bushing to a 10-pf. capacitor and 
to the grid capacitor and grid le<tk. The tuning 
capacitor, C.1, is also connected at this point. 
The number of plates in C4 determines the tun
ing range. As shown, with one rotor and two 
stator plates the coverage is just a bit more than 
the full 2-mctcr band. A piece of No. 16 wire, 
L4 , nmning the length of the box, " inch from 
Lr,, provides coupling from the detector circuit 
to the plate coil of the r.f. amplifier. 

The connection from L 4 to L3 is made with 
twisted hookup wire, the 22-pf. series capacitor 
being just outside the detector circuit assembly. 
illiniaturc coaxial line could also be used, as it 
is for the connections from the receiver cathode 
input coil, L 1, and the transmitter output coil, 
L 10 , to the send-receive switch. These two lines 
and parts of the power ";ring are cabled down 
through the middle of the chassis. The heater 
and high-voltage lines to the two 6CX8s are de
coupled by RFC1 and RFC8 , which are merely 
a few turn$ of the leads in question, coiled up 
and laid against the chassis. 

The r.f. amplifier stage gave some trouble 
with instnbiJily at 6rst. ThJs was traced to in
effective bypassing of the plate coil, L,,, and 
the heater circuit. The principal of series-reso
nant bypassing was applied to both points with 
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excellent results. See Chapter 13 for more d e
tails. 

The Transmitter 

The transmitter circuits are conventional, nnd 
their cfo.~i gn and operation hnvc been covered 
thoroughly in other parts of this book. The crys
tal oscillator was described in Chapter 5, nnd 
other examples of it appear in Chapter 6. The 
output stage is a neutralized straight-through 
amplifie r, using a series-tuned plate circuit. 
Other layouts might require d ifferent neutrali
zation methods, but in this instance the small 
capacitance from grid to plate afforded by the 
small insulated wire, Cm, is simple and cliectivc. 

Operatinsr conditions in the transmitter nn• as 
follows: Oscillator p late current, measured be
tween RFC8 and L"- 18 ma. Tripler plate cur
rent- IO ma. Doubler plnte current- 8 ma. Fi
nal grid current, measured between the 22,000-
ohm grid resistor and ground-1.5 ma. Ampli
fier plate and screen current, measured between 
the lower end of T2 and RFC0-34 ma. Power 
output- about 2~ watts. 

Results 

The little rig was used for many con
tacts, mftinly from the famous Selden H ill loca
tion in W est Hartford. Using small antennns the 
distances worked were up to nearly 100 miles, 
and signnl reports out to somewhat beyond 
the visual range have been excellent. In prae
lical results the rig .~eems tn be at least the 
equal of early mod els of the Communicator, 
both ns to transmitted signal quality nnd 
strength, nncl receiving ahility. Tn these cate
gories it is well ahead of inexpensive kit trnns
ceivcrs for the 144-;\,fc. band. 

As mentioned earlier, the setup w:ls tested 
under mohil(• conditions using a Henlhkit lvf P-
10 Inverter. This resulted in some power hum on 
receiving, which was minimized hy the shield
ing of resistor R~, as shown in Fig. 7-17. The 
shielding is not needed for operation from a.c. 
lines. The power buzz hnd no effect on recep
t ion, and, in fact. was not noticeable except nt 
very low audio levels. Modulation readability 
under low-signal conditions has been reported 
as adequate, and tl1e receiving range seems to 
match up well witl1 the transmitter capability. 

A TWO-METER TRANSVERTER 

T his 6-tube package, built by Ernest P. 
Manly, W7LHL, and described by him in QST 
for September, 1963, will convert 144-Mc. siJ.(
nals down to 14 1'. lc., and a 14-Mc. transmitter 
signal up to 144 Mc. An s.s.h. lTansceiver for 20 
will work beautifolly with the transverter, or n 
conununicalions receiver and a 20-rneter trans
mitter may be used. The 20-meter band was 
picked for the conversion process because it was 
felt that tl1ere is more s.s.b. gear on 20 than on 
any other band tlrnt would be suitable for this 
purpose. 

Most 20-mcter transmitters and transceivers 
will have more than enough power to drive the 
transverter mixer. A way must be found to limit 
this power. Construction and use of a suitable 
step-type attenuator was described by \V9ERU 
in QST for December 1959. Easily-built fi xed 
attenuators were described by W4HJZ in May 
1968, QST. Some transmitters have provision 
for taking off power at levels below that of their 
output amplifiers, and such a tap should be used, 
where available. 

Output from the 6360 mixer is sufficient to 
drive a linear amplifler with a pair of 4X250Bs 
or similar tubes to several hundred watts input 
on s.s.b. or c.w. 

The block diagram, Fig. 7-21, shows how the 
system works. The top line of the diagr:un is a 
typical 2-meter converter, with 6C\\-.1 and 
6AK5 r.f. stages ahead of a 6AK5 mixer. Afixer 
output is 14 ;\Jc. or higher. Jn the middle is the 
oscillator-multipljer, a 6AN8 with its triode 
working as a crystal oscillator on 43 Mc. and the 
pentode tripling to 130 Ale. This is standard 
v.h.f. converter practice so far. The difference is 
that the same injection stages arc used for trans-

mitting. In the bottom line, the 130-Mc. eneri: .. 'Y 
is fed to a 6AK5 ampliSer, and then to a 6360 
transmitting mixer. The 14-1'1c. signal from the 
20-meter sideband rig is also fed to tl1is mixer, 
and output is on 144 Mc., with the same charac
teristics as the 20-meter signal. Thongh the 
trnnsverter idea is associnted with s.s.h. in most 
amateurs' minds, it can be used witl1 other 
modes as well. 

Circuit Details 

The first r.f. amplifier in the receiver side, V,, 
Fig. 7-23, is a grounded-grid l\uvistor. I ts cath
ode input impedance is matched by means or a 
quarter-wave section of 93-ohm coaxial line, 
L1,1• An altenrnte m ethod would be to lune the 
catl1ode coil , and tap the an tenna line down on 
it. Tlwse matching systems give equal perform
rince. Cain of tJ1e grounded-grid stage is about 
10 db. The second stage, V q, is a 6AK5 pcn
tode, with a gain of 25 to 30 ( lb. If cross-modu
lation is expected to be a p roblem, a g;1in con
trol could he included readily in thL~ stage. Doth 
this and the 6AK5 mixer, V:i , follow conven
tional converter circui t practice. 

The tluee parts of the transverter are sep
arated by shields. This permits the injection to 
be adjusted to the desired level, anti provides 
isolation, to keep down spurious responses. Out
put from lhe 6AN8, \14, nt 130 ;\ le., is link
coupled to the receiving mixer grid circuit, with 
lig ht coupling at each end. Noise figure of the 
converter is under 4 db. Otl1er tubes could be 
used equally well in the oscillator-multiplier 



Two Meter Transverter 

Fig. 7-20- This looks like o typica l v.h .f. converter, but 
it is more than that: o 144-Mc. transverter which will 
hand le both tra nsmitting ond receiving conversions from 
o 14-Mc. sta ti on setup for s.s.b. or other modos. 

stages, and early versions of this transvcrtcr used 
a l 2A T7 for this purpose. The triodc-pentodc 
gives somewhat more output, which is helpful 
in the trnn\mitting side. 

The injection stages nm at low input. for good 
stabili ty, so an ampliSer stage is needed to build 
up the 130-lvlc. energy for the trnnsmillins:: mix
er. This is done with the 6AK5 stage, Vr,, which 
also helps to keep down the energy injected into 
the transmitting rnixrr at frequencies other thnn 
130 l'vlc. Its outpnt is link-coupled to the c.:a thndo 
of the 6360 mixer, V11• Energy from the 14-l\lc. 
trnnsmitter is fed 1rnsh-pull to the mixer grid 
circuit, which is tuned to 14 Mc. The mixer 11lnto 
circuit is a lso push-pull, and tuned to 141 Mc. 

A 22-volt zener diode, CR1 , is used in the 
mixer cathode circuit for bias, eliminating the 
need for nn external bias supply. Operating con
di tions nrc designed to keep the tubes below 
their maximum <lissipation rating if the crystal 
is removed or if it drops out of oscillation. 

Construction and Adjustment 

The trnnsvcrter is built on a 7 X 7 X 0.032-
inch brass plate. The shields are also made from 
0.032-inch brass. Aluminum should work equally 
wel l. A 7 X 7 X 2-inch aluminum chnssis is 
usc.:d to mount the transverter. Parts lnyout fol
lows good v.h.f. practice, but is otherwise not 
particularly critical. 

Tuning the oscillator, tripler and 130-~fc. 
amplifier is done by inserting a 50-ma. meter in 

Fig. 7-22- Bollom view of the 2-meter tronsverter. 
Receiving stages are ot the top, transmitting section ot 
tho bot1om, ond injection stages in the center section. 
Construction follows v.h.f. receiving conve rter practice. 
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the 6360 plate supply lend. The tube will draw 
approximately l ma. of plate current without 
drive, increasing as each stage is peaked. A grid
dip meter may be used to check cnch tuned cir
cuit, to be sure that it is on the right frequency. 
Adjust the link between the 130-Mc. amplifier 
and 6360 cathode for maximum plate current, 
10 to 20 ma. when 130-Mc. tuning L~ completed. 
A 14-t'vlc. carrier is fed in and the 6360 grid and 
plate circuits are tuned fur maximum output at 
144 Mc. The 14-Mc. carrier will drive the p late 
current to about 40 ma. before the 144-Mc. out
put ~iarts to flatteu oi1t. Output nt 144 Mc. will 
light a No. 47 p ilot light to near fu ll brightness. 

There will be a little 130-~ l c. and 116-l\lc. 
energy appearing in the output, too. Some form 
of filter is desirnble between the mixer output 
and Lhe antenna or following linear-amplifier 
stages. A high-Q coaxial tank circuit with low-

J44Mc 
/11 

43.333 
Mc. 

/44Mc 
Ou..t 

~(VNG MIXER 

OSC. TRI PLER V4Ar:-
~·6AN8 

"* XMTG. MIXER 130·Mc: A~IP. 

Fig. 7-2 1- Block diagram of tho W7lHl 144-Mc. trans
verter. A single oscillator-multiplier soction furnishes 
both transmitting and receiving injection, to separate 
mixers. 

14/olc.to 
Rcvr. 
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130Mc. 

La 
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Fig. 7·23-Schemotic diogrom ond ports informotion for the 144·Mc. tronsverter. Copocitors ore ceromic unless 
specified. Decimol values of capocitonce ore in µf ., others in pf. Resistors ore ~-wot! composition, unless 
specified. 

C,, C,, C,, C,,-8·pf. cylindrical trimmer. 

C,-20·pf. minioture trimmer. 

c.-11 ·pf. minioture butterfly variable. 

c,-30·pf. minioturo trimmer. 

CR 1- 22·volt zoner diode. (lnternotionol Rectifior 
1N1527) 

J,, J,, J0-Cooxio l rece ptocle, BNC type. 

l 1, L,-5 turns No. 18, 14-inch diam., 3A inch long. 

1.,,-4 turns No. 18, %-i nch diam., % inch long. 

L,- 1 turn insulated hookup wire, \4-inch diom., at cold 
end of l 3 • Connect to L9 with twisted leod• 2% 
inch long. 

L,-35 turns No. 26 enom., close-wound on %·inch 
diam. lron·slug form. 

L.-3 turns insuloted hookup wire a round cold end of 
l,. 

impedance coupling in and out will serve this 
purpose well. Adjustment of coupling into and 
out of such a filter shoukl be made for maximum 
attenuation of unwanted frequencies, rather 
than maximum transfer of 144-Mc. energy. 

A 7.-144 r.f. choke was used originally in the 
6360 plate circuit in place of the 100-ohm resistor 
shown in Fig. 7-23, but this resulted in the mixer 
operating as a doubler from 14 to 28 Mc., be
cause of choke resonance near the latter fro-

L,-7\ii turns No. 20, ~-i n ch diam., 16 l.p.i . (B & W 
Miniductor 3003). 

l,-5 turns No. 18, SI 16·inch diom., ~ inch long. 
L.-1 turn insulated hookup wire around cold ond of l •. 

Connect to l, with twisted leads. L1 and l 0, plus 
leads, con be mode from sing le piece of wire . 

L111- 5 turns No. 18, %·inch diam., ~ inch long. 
l 11-1 turn insulated hookup wire around cold end of 

L, •. 
L,,- 5 turns No. 16, %·inch diam., 'h inch long, conter-

topped. ' 
l 13- 1 turn insulated hookup wire ot center of L,.. 
l 11-33 turns No. 26 enam., close-wound on %·inch 

diom. iron.slug form, cenler-topped. 
l ",-2 tu rns insulated hookup wire around center of L11• 

l ,0-93·ohm coaxial matching section; RG·62/U, 16 
inches long. See text. 

quency. A Z-235 r.f. choke or the 100-ohm re
sistor will correct this tendency. 

When using the circuit shown for matching 
with 93-ohm cable, Fig. 7-23, the input coil of 
the 6CW4 can be hmed to 144 Mc. by adjusting 
the turn spacing and using a grid-dip meter to 
indicate resonance. Disconnect the coaxial 
matching section when doing this. All other r.f. 
and mixer circuits can be peaked for mnximum 
response in any portion of tho 2-meter band. 



Antennas and 
Every radio station since the first one hns hnd 

an nntcnnn, but what a bewildering array these 
skywircs represent! Antenna experimcntution 
has long been a favorite pursuit for the amntetir, 
and for good reason. Probably by no other effort 
can the average ham so improve his results, 
at so litt le cost, as by putting up a better an· 
tcnna. But what is a better antenna? Though 
numerous books have been published on every 
aspect of antenna design, and talk about beams 
is heard wherever hams gather, there is prob
ably more misinformation about antennas than 
about any other aspect of amateur radio. 

In the following pages we wiJJ attempt to 

Chapter 8 

Feed Systems 
sort the wheat from the chnfF, but the reader 
is cautioned not to look for simple all-purpose 
answers. There is no one nntenna or feed system 
that "has everything." Nowhere are better an
tennas more needed thnn on the v.h.f. scene, 
but making an intelligent choice involves more 
than a perusal of performance figures found in 
antenna manufacturer's catalogs. 

As in our equipment chapters, we wiJJ d is
cuss principles first, presenting information that 
will be helpful whether the render intends to 
build an antenna or buy one ready-made. This 
will be followed by prnctical examples, for the 
fellow who wants to build his own arrays. 

OBJECTIVES 

Choice of a v.h.f. antenna system begins wi th 
some decisions about the type of work we want 
to do best, since there is no antenna that does 
all things well. Does highest possible gain over
rule other considerations? Is broad frequency 
re~-ponsc important? Can we live with a sharp 
beam pattern, or would something broader and 
less critical in aiming serve our needs better? 
How about omnidirectional coverage? Can we 
go all-out for size, or must there be some com
promise with what simple mounts and inexpen
sive rotators will handle? \ ;I/hat is the nature 
of nearby terrain? Are there trees, wires and 
buildings to be cleared? Is there a neighbor 
problem? Let's think about these and other 
points a bit before we get down to design de
ta ils. 

About Gain 

Sad to relate though it may be, we should 
recognize the fact tha t antenna gain figures arc 
often on the optimistic side. Even when given 
accurately, and with the best intentions, gain 
information may be in terms confusing to the 
average reader. True measurement of gain is 
difficult; few amateurs can do it accurately. On
the-air evaluation is also far from simple. It is 
entirely possible to get several contradictory ob
serva tions in as many tries, and usually only 
long-tenn comparisons will show whether a new 
antenna is doing what we wanted it to do. 
After all, what really counts is whether or not 
it provides a stronger and more consistent signal 
at distant points than was possible before. If a 
new installation does not yield this result, im
pressive numbers have little meaning. 

Thero is no magic about antenna ga in. It is 
achieved only by taking radiation from some 
portions of the antenna's field where it may 
serve no useful purpose, and putting it into 
areas where it will do some good. A convenient 

way of expressing antenna gain, therefor, is to 
compare the field strength in the favored di
rection with that of an antenna that would radi
ate equally in all di rections. Such an antenna 
exists in theory only, since it would have to be 
a point source. Called an isotropic radiator, it 
has a special appeal for the man who would 
have his antenna look good on paper. U it has 
a gain of 1, a half-wave dipole has a gain of 
2.14 db. "Gain over isotropic" is a handy and 
legitimate way of stating antenna performance, 
and it is coming into more general use in an
tenna literature. But remember that figures so 
quoted are more than 2 db. higher than those 
for the more familiar half-wave dipole com
parison. Unless otherwise stated, gains mention
ed in this text arc with respect to a hall-wave 
dipole. 

Frequency Response 

Antenna gain is often achieved at the expense 
of frequency coverage, especially in arrays hav-
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ing mnny parasitic elements. As will be shown 
later, the gain of even a small antenna of this 
kind is available over only a narrow frequency 
range, whereas an array of the same stated 
gnin built with more driven elements may work 
well over all or most of a v.h.f. bnnd. This 
point is of little concern to the 2-meter DX 
enthusinst who is interested only in the first 
few hundred kilocycles at the low end of the 
hand, but to the fellow who wants to work 
effectively over a wide frequency range it could 
be the deciding factor in a choice between two 
very different antenna systems having the same 
advertised gain. The broad-band array will be 
Jnrgcr nnd perhaps somewhat more difficult to 
handle and install, but with several times the 
bandwidth it may be a better investment, de
pending on one's operating habits. 

Pattern Shape 

An nntenna with very high gain inevitably 
has a main lobe shaped like a cigar or a base
ball bat. This can be both good and had. In 
areas of high v.h.f. activity, a narrow antenna 
pattern is fine, if it helps to hold down the 
level of some of the local signals you have to 
work through. It may be helpful in nulling out 
man-made noise, if the sources of such noise 
lie mainly in one direction. On the other side 
of the ledger, a very narrow main lobe imposes 
stiff requiremen ts on the rotator and direction
indicnting devices, and it may keep you from 
hearing some choice DX that pops up a li ttle 
off your line of fire. T he local rag-chewer won' t 
get his money's worth from really shnrp beams. 

Front-to-back ratio is allied to sharpness of 
pnttcrn, b11t antennas can be built and adjusted 
to have high rejection off the back and still 
retain a broad frontaJ lobe. High front-to-back 
ratio is usually not obtaiP-e<l '"ith the same an
tenna adjustment that gives maximum forward 
gain, however. It is anotJ1er of these factors 
that you obtain in trade for something else. 
Usually the choice is between highest gain and 
optimum front-to-back ratio. 

Omnidirectional Cove rage 

There arc several ways of bLLilding up gain 
witho11 t losing a circula r pattern in the horizon
tal plane. Compression of the vertical angle is 
involved here. Since radiation at angles other 
t han those close to the horizon ordinarily does 
the v.h.f. man little good, trnding off the high
anglc power loss for gain along the ground looks 
almost like something for nothing. Omnidirec-
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tional antennas have many uses, and we'll be 
describing prnctical systems later on, but they, 
too, have their drawbacks. Cain achieved with
out modifying both horizontal and vertical pat
terns is limited to a few decibels, even when 
high and somewhat cumbersome stacks arc in
volved. i\forc imp()rtant to the man in the midst 
of high v.h.f. activity concentration, interference 
problems multiply as omnidirectional gain is 
built up. Noise problems increase, and hetero
dyncs and cross-talk seem to grow as if by 
magic. 

He ight Gain vs . Line Loss 

In nearly every instance, the h igher the v.h.f. 
antenna the better. Clearing obstructions in the 
immediate vicinity is of utmost importance. 
Wires, trees anrl b11ildings in the line of Aro 
can ruin the nntenna pattern, absorb power, 
and aggravate TVJ and other interference 
problems. Pulling the v.h.f. an tenna up high 
enough so that its main radiation pattern is com
pletely above nearby TV antennas may be one 
of the best TVI-prevention measures that can 
be taken. 

As m::iy be seen from the height-gain informa
tion of Chapter 2, increased he;ght may do as 
much for you as putting up a much larger an
tenna at rooftop height. But how you get the 
added height is important. Par ticularly at 144 
Mc. and higher, the added transmission-line 
loss may bo considerable. An antenna installed 
at the top of rt hill nearby may be a useful 
approach, b11t it probably will entail some spe
cial attention to feed methods. 

And so it goes. Working with antennas is 
always interesting and often rewarding, but the 
important thing is to remember that there is 
more to it than a choice that promises the most 
decibels for U1e least dollars. 

TYPES OF V.H.F. ANTENNAS 

Tho simplest antenna commonly used in 
v.h.f. work consists of a single driven clement . 
It may be called a dipole, a whip, a halo or 
some more fancy name. It may be horizontal, 
vertical, or something in between. It always has 
some gain over thnt theoretical isotropic an-

tcnnn we spoke of earlier, but never very much. 
It is handy for getting on the air q uickly and 
unobtrusively, but it will never give you a very 
large sphere of influence, unless perchance you 
live on the top of the highest mountain in your 
state-and maybe not even then. We'll go into 



Yagi Antenna Design 

dipole dcsi.!!n later. 
To build up antenna gain we do various 

things with dipoles. We may make several, hang 
them in a curtain arranf!cment, and feed them 
all in phase. This is called a coflincar array. 
We'll have many practical examples in Chapter 
9. Or we may line up one or more clements 
in the same plane with the dipole, in front or 
in back of it, but not connected to the fccdlinc. 
These arc C:l llcd parasit ic elements. They may 
be directors (one or more, shorter than the 
driven element, and plnced ahead of it) or 
reflectors ( usually only one, longer) plnced in 
bnck. Such an antenna is called a Yagi, in 
honor of its Japanese co-developer. 

Both systems have their uses in v.h f. com
munication. In either, gain is related to size. 
T o double tho g<l in of a collinear array ( in-
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crease it by 3 db.) we must use twice as many 
elements, in a frontal area roughly twice as large. 
The size-gain relationship in a Yagi is more 
complex, involving length as well as number of 
elements, but a sig11iricanl improvement always 
means a much laq!er anlenn:i. To double the 
Yagi gain we musl ncnrly double the number 
of element~, a nd more than do11blc the length. 
Approximately 3 db . .!!:t in cnn be nchicved by 
stacking two sin1ilnr antcnnns side by side or 
one above the other, nnd feeding them in 
phase. The spacin!! for optimum gain increases 
with the length of the Yngi antenna. Pairs of 
antennas can be stacked, as can he pairs of 
pairs, and so on, but the size-doubling require
ment for increasing the gnin by 3 db. makes it 
obvious that incrensing-.!!nin projects reach the 
point of diminishing returns quite quickly. 

YAGI ANTENNA DESIGN 

Though it is possible to make a 2-clemcnt 
parasitic array bidirectjooal by adjustment of 
its element lengths or spacings, the objective 
in m:iking a Yagi is usually a pattern that is 
essentially unidirectional. Whether the parasitic 
element operates as a reflector or a director L~ 
determined by the relative phase of the cur
rents in the driven and parasitic elements. \Vilh 
element ~1Jacings commonly used ( J.: wave
length or less) the current in the parasitic ele
ment wilJ be the right phase to make it act 
as a reflec tor when it is tuned to the inductive 
or low-frequency side of resonance. In other 
words, it will be longer than the clriven clement. 
To act as a director, lhe element must be tuned 
to tJ1c high-frequency side of resonance, by 
making it somewhat shorter tJ1tm U1e driven 
element. 

Element Lengths and Spacings 

The maximum gain that is theoretically pos
sible with a 2-clemcnt parasitic array is shown 
in Fig. 8-1. The gnin obtainable nt vnrious di
rector and rencctor spacings is also given. It is 
assumed that the length of the paras itic ele
ment is ndjustcd fo r each change of spacing, 
as it must be if it is to deliver maximum gain. 
The curves of fig. 8-1 are for 2-elemcnt an
tennas only, and rcsu.lts in practice may not 
work out exactly as shown. To see why we 
look at Fig. 8-2, whicl1 shows the radiation re
sistance at the center of the driven clement 
when the parasitic clement is adjusted for the 
conditions of Fig. 8-1. . ote that the radiation 
resistance goes very low at close element spac
ings. 

With the low feed impedance of tJ1e close
spaced array, the r.f. current is very high, so 
ohmic losses go up. The bandwidth of the 
system goes down, and the difficulty of feeding 
the antenna properly rises. The result is that, 
for practical purposes, and especially witJ1 more 

than one parasitic clement, some mocliflcation 
of these theoretically optimum spacings is nec
essary for best overall results. Thus we find 
the "wide-spaced" array in common use where 
three or more clements arc involved. 

Exact analysis of what happens in a Yagi 
antenna is difficult if not impossible, and it 
would serve little use here since optimum ar
rangements have been worked out experimen
tally by many workers. There arc many ways 
to make a good Yagi, pnrticulnrly a long one. 
Numerous combinations o.F clement lengths and 
spacings give almost identical results. You can 
have an interestin).! time of it proving thi.~ for 
yourself, if you are experimentally inclined. If 
you aren't, you cnn make a v.h.f. array by 
following the tables given herewith, and be as
surecl of good results, provided you have a few 
sin1ple instruments to check system perform
ance. 

In practical terms, the clement lengths and 
spacings in a Yagi array, even a long one, are 
by no means so critical as some harried workers 
would have you bellcvo. If you can match tJ1e 

0.05 0.1 0.15 0.2. 0.25 0.3 0.35 0.4 
ELEMENT SPACING - WAVELENGTH 

Fig. 8-1-The moxlmum pouib lc goin obtoinoble 
with o porasitic clement over a half-wave antenna 
alone, assuming that tho parosltic element tuning is 

adjusted for greatest goin ot each spacing. 
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antenna to its transmission line and transfer 
power to it e fficiently, it will perform well, even 
if element lengths vary by as much as 1 per
cent and clement spacings by 5 percent from 
the recommended values. T he reRector length 
is more tolerant on the long side and the di
rector lengths on tl1e short side of the table 
values. A small error in these directions i.n
creases the antenna's bandwidth with only a 
very minor effect on gain. Error in the opposite 
directions can ruin Yagi performance much 
more quickly. This is the same as saying that 
frequency response of a Yagi is broader on the 
low side tlian on tlie high side of resonance, a 
fact tliat it is well to bear in mind in deciding 
on an optimum frequency for the array. 

Recommended dimensions given later take 
this into account, but remember, if you want 
more bandwidth make tl1e reflector longer and 
the directors shorter. If for some reason you 
want to try close parasitic-element spacing, 
make the d irector ne!lrcst the driven element 
wnger and the reflector shorter than the recom
mended values, by 1 to 2 percent, depending 
on tlie closeness of tl10 spacing. This is in line 
with the point made above that frequency re
sponse sharpens with closer spacing. 

There is little point in pursuing the matter 
furtlier, as these points are covered in interest
ing detail in all modem editions of tlie A.R.R.L. 
Antenna Book. A study of that manual, and 
some of the references it cites, is recommended 
to the experimentally-inclined amateur. 

Yagis-Short and Long 

Element spacing of 0.15 to 0.2 waveleogtli 
is recommended for small Yagis ( up to 4 ele
ments) commonly used in 50-Mc. work. With 
convenient tubing and boom sizes the following 
figures apply for all v.h.f. parasitic arrays: 

Driven Element Length, Inches 

Refl,ector-5 percent longer 
Director- 5 percent shorter 
Second Director- 6 percent shorter 

5600 

Freq. (1Wc.) 

(1) 

A perceptible increnso in gain can bo had by 
spacing the second d irector 0.25 wavelength 
from the first, though the d ifference may not 
be worth tho exb·a boom length in some in
stances. 

Uniform element spacing can be continued 
for more elements, but somo improvement in 
gain can be achieved by going to graduated 
spacing. Here each successive director is spaced 
somewhat greater than the previous one, unti l 
a spacing of about 0.4 wavelength is reached, 
after which all directors are spaced this much. 
A good ru le of tliumb for medium and long 
Yagis is: 

Dipole to D 1-0.15 wavelengili (>,) 
D1 to Dc 0.18 >-. 

ANTENNAS AND FEED SYSTEMS 
G 6 

70 

I/ 
i....-

With R_elleclor~ ,, .. 
1/' 

II/ 
I 

7 
17 
-W11h Director 

17/ 
J 

, , 

10 -~ 
'/'' 

-
0 

0 o.os 0 I 0 IS 0 i 0 lS 0 3 o.Js 
ELEMENT SPACING - WAVELEHGrHS 

Fig. 8-2-Radiat ion reshtonco at cantor of drivon ele· 
ment os o function of element spacing, when the para· 
sitic element is adjusted for tho gains givon in Fig . 8 · 1. 

Df to D.,-0.25 >. 
D3 to D~-0.35 to 0.42. All directors beyond D , 

to be the same spacing. 
Dipole to Reflector-0.2 ( 2) 

The 5-percent-longcr, 5-pcrcent-shorter rule 
applies. For slightly more bandwidth, start with 
DI at 4 percent shorter than tlie driven clement 
and take off 0.5 percent for each succeeding 
director. Lengths of individual elements are 
sufficiently tolerant that you can change by 0.5 
percent one way or the oilier and fi nd only a 
barely mea~1rn1ble d ifference in gain. A listener 
at tlie other end of a communications circuit 
would not know that anythinf{ had happened. 
Even at 432 Mc., where hti lf-wave elements 
are only about a foot long, it is possible to 
change all elements by as much as lli.6 inch with
out much effect, if the matching system is re
adjusted after tho change is made. 

Element Diameter 

Informittion given in ( 1 ) applies with tubing 
sizes commonly used in v.h.f. nntennRs. Ele
me nts J~ to 1 inch in diameter are customarily 
used at 50 Mc. For 144 Mc. " to % inch is 
common. For 220 and 420 Mc. we may go as 
small as Yin inch, and anything larger than !.I 
inch is seldom used. There may be exceptions 
however, and appreciable changes in element 
lengths must be made for large variations from 
the above practice. 

The larger the clement diameter tho broader 
the frequency response, so variations on the 
large side may not be too cri tical, but when 
elements much smaller than standard practice 
arc involved it is well to check the antenna 
performance carefully. Some idea of the practi
cal extent to which small element diameter can 
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Fig. 8-3-length foctor for the ronge of conductor di· 
ometers used in practice. This curve applies to either 
quorter-wove (grounded or ground-plane antennas) or 

half-wove antennas. 

affect element length can be seen in a 50-Mc. 
portable beam described in Chapter 9. In plan
ning construction of antennas having unusual 
length/ diameter ratios the information of Fig. 
8-3 can be used to good advantage. Here the 
vertical scale is the free-space half wavelength 
divided by tl1e conductor diameter. The hori
zontal is the percentage of a free-space half 
wavelength that should be used for a driven 
element. 

The standard-practice range of element sizes 
mentioned above represent only about 1 per· 
cent change in element length, from lowest to 
highest K factor. The 50-Mc. portable array men
tioned above has a factor of nearly 2000, if the 
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diameter near the ends of the telescoping ele
ments is used. The elements in this array had 
to be extended 6 inches beyond the usual 
lengths before this array worked properly. This 
is an increase even greater than tliat indicated 
by the graph of Fig. 8-3. 

Gain and Size in Yagi Arrays 

As mentioned earlier, there is an optimum 
boom length for a given number of elements in 
a Yagi array. This is obtained from Fig. 8-4, 
curve A. Note that a 4-element array is about a 
half wavelength long. A 6-element beam of 
optimum length is twice as long, and an a. 
element auay should be four times as long as 
one with 4 elements. 

What these combinations should yield in 
gain is given by curve B. Our 4-element Yagi 
is capable of just under 9 db. The 6-element 
goes over 10, and the 8-element to about 12. 
There is no limit to the gain that can be 
achieved witl1 ever-longer booms, as has been 
demonstrated many times by experimenters 
willing 1to bu.ild Yagis 50 feet or more in lengtli 
for 14'1 Mc., hut after the first 13 to 15 ele
ments it becomes a rather dubious business. 

Optimwn element placement is given in Ta
ble 8-T. As may be seen from these figures, this 
is not particularly critical. These graphs and 
table and the information of ( l) are all one 
needs to design effeclive Yagi arrays. 

Collinear Arrays 

The collinear (elements along a common 
line) is one of the oldest forms of directional 
arrays. The "Two Half-Waves in Phase," the 
"Extended Double-Zepp," and other simple col
linears are almost as old as short-wave radio. 
They and their larger multielement relatives 
that grow on some of our best v.h.f. antenna 
farms are still among the most useful. Because 
the collinear is made up of many driven ele
ments, with only reHectors for parasitic ele
ments, it is much more frequency-tolerant than 
a Yagi of the same gain. A 2-meter collinear can 
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TABLE 8-I 
Optimum Element Spacings for Multielement Yagi Arrays DE- driven clement; R-reHector; 

D- direetor. 

No. I I I Elements R-DE DE-D 1 D1-D2 D2-D:{ D,i-D4 D.1-D:; D5 -Di; 

2 0.15X-0.2i\ 
2 0.07>.-0. l lx 
3 0.16 -0.23 0.16 -0.19 
4 0.18 -0.22 0.13 -0.17 0.14i\-O.l8i\ 
5 0.18 -0.22 0.14 -0.17 O.l7i\-0.23>. 
6 0.16 -0.20 O.l•i -0.17 0.16 -0.25 0.22 -0.30 0.25X-0.32i\ 
8 0.16 -0.20 0.14 -0.16 0.18 -0.25 0.25 -0.35 0.27 -0.32 0.27i\-0.33i\ 0.30>.-0.40>. 

8 to N 0.1.6 -0.20 0.14 -0.16 0.18 -0.2.5 0.25 -0.35 0.27 -0.:32 0.27 -0.33 0.35 -0.42 

N = any number; director spacings beyond D6 should be 0.35-0.1.12>.. 

1 T .9 5 1. .64A 
2 

J l 
1 

.6411 

(A) (8) l (CJ 

Fig. 8-5- Verticol coll ineor ontcnnos for v.h.f. use. An
tennas A e nd B use the some total length of wire, A 
be ing o rronged cs two hoJf.woves in phase, and B cs 
on "extended double.Zepp." Ante nna C is three holf
wove elements in phose. All give same gain over a 
single holl·wave rodiotor, without directivity in the 
horizonta l plone . 

be cut and matched for the middle of the band 
and it will work over the entire four mega
cycles with only moderate variation in gain. 

Properly designed, a collinear system is easy 
to feed with common types of transmission line . 
Jt can be strung together with sticks and wire, 
hauled up into a tree, and rotated by pulling 
on ropes-and it wi ll work. One of the first and 
most renowned v.h.f. beams ever built was han
dled in just that way. See Chapter l. This is not 
to infer that the collinear is useful mainly where 
ham haywire is the order of the day. Care in 
design and construction pays ofF in performance, 
but the collinear is tolerant of amateur methods; 
consi<lcrablc more so than the Yagi. 

Nondirectional Collinears 

Simple vcrtic:tl collinears like those of Fig. 
8-5 provide some gain over a vertical half-wave 
dipole, without introducing directivity in the 
horizontal plane. At A we have two half-waves 
in phase, feel by means of a folded h<llf wave
length nt the cente r. A balanced transmission 
line is shown, but coax and a balun could be 

used equally well. Slightly increased gain and 
lowered radiation angle result from lengthening 
the rad iating portions and shortening the stub, 
as in the extended double-Zepp, 13. The total 
wire length is the same : 3 half-wavelengths. 
Three or more half-wave vertical element~, 
kept in phase by means of quarter-wave stubs, 
C, is another common omn.idirectional vertical 
an tenna . 

Directional Arrays 

Larger arrays with 4, 6, 8 or more half-wave 
elements stacked side-by-side and one above 
the other are what most v.h.f. men think of 
when they hear the term, "collinear." These 
may be d riven elements only, as in F ig. 8-6, 
wherein a b id irectional pattern is obtained , or 
reflectors may be added for unidirectional char
acteristics, as in several examples shown in 
Chapter 9. Directors can be added, but this is 
seldom done. Large arrays with di rectors are 
better arranged and fed as combinations of 
Yagi bays, rather thim ns collinears. 

Reflectors in a collinear array are usually 
parasitic in m1ture, but a re flecting metal plane 
can be used. This c.:an be of sheet metal, 
though more often wire mesh is used, in the 
interest of decreased wind resistance. Spines of 
wire or sm~U tubing arc also usable, so long as 

Fig. 8·6- Bidirectiona l colli near arroy usi ng 6 holf
wave elements in phase. Porasitic reflectors or o screen 

moy be pieced in back of the driven elements for in
creased gain and unidirectional pattern. 



Polarization 

Fig. 8·7-Comporison of the frequency responses of a 
smoll Yogi anlenno ond o large collinear array. A Yogi 
of comporoble gain would hove o still shorper fre
quency response. 

the spacing of the soines is welJ under 0.1 
wavelength. To be fully effective, the plane re
flector should be at least a quarter wavelength 
larger in both dime nsions than the curtain of 
driven elements it backs up. 

An interesting comparison between the band
width of a 6-element Yagi and that of a col
linear array having 8 half-wave elements in 
phase, backed by a screen reflector is shown in 
Fig. 8-7. The Yagi, with a gain of about 9 db., 
has a much sharper frequency response than 
the collinear, with a gain of 14 db. Both an
tennas were matched carefulJy between 432 
and 433 lvlc. The collinear shows an s.w.r. nnder 
1.8 over a range of 7 megacycles, while the 
Yagi exceeds t11is mismatch in less than 3 mega
cycles. Had the Yagi in question been a long 
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one, with a gain similar to that of the collinear , 
its useful frequency rnnge would have been 
very much sharper stilJ . A typical 2-meter long 
Yagi may be e;qJected to work well over about 
1 megacycle, while ct collinear of large size for 
this band will work nicely over at least 3 times 
as much frequency range. 

POLARIZATION 

The wave emitted by an antenna perpen
dicufar to the earth is said to be "vertically 
pola.rizcd." Radiation from an antenna parallel 
to the earth's surface is tenned "horizontal." 
In the space age iliese tem1s may mean noth
ing. Once wo lose the reference of ground there 
is no longer any "horizontal" or "vertical ," but 
merely what is more accurately called 71la.11e 
pola:rizatio11. The radiation from any strnight 
wire or rod is mainly plane-polarized, but i t can 
be horizontal, vertical, or anything in between. 

Much of the time it is something in between, 
so the horizont;~l-vertical argument th<tt raged 
for ycnrs without ever being entirely settled 
tends to be a speciou~ one. T here is no one 
"best" polarization, and going along with whnt 
others in a given area are us ing offers the best 
hope for good v.h.f. coverage. Because a vertical 
dipole or whip has an essentially omnidirec
tional pattern in a horizontal plane, ve rtic;1) an
tennas were employed for most of the early 
v.h.f. communication, before the days of high
gain arrnys. When beams began to hike over 
the burden of v.h.f. work it was only naturnl 
to mount them in a horizontal position. Crndn
ally then v.h.f. rnen went over to horizontal 
antennas, except in a few areas where mobile 
work w;1s a major factor. Here, verticals re
mained popular, for obvious reasons of simplic
ity and uppearance. 

Horizonta l or Vertical? 

There is no consistent large difference in cov
erage between horizontal and vertical, so long 
as the same polarization is used at both ends 
of the path. Reflections and the passing of the 
wave over intervening hilJs modify polarizntion 
to a marked extent. Probing with mobile an-

tenna installations will show the polarization 
shifting with a car movement of a wavelength 
or less. D iscrimination between horizontal and 
vertical may amount to 20 db. or more, and at 
144 Mc. or higher it can be found to reverse 
itself at times in a matter of inches of travel. 
T he results of this are familinr to any v.h.f. 
mobile worker, in the form of "mobile flutter" 
that i.s so pronounced at certain car speeds, in 
anything but the most wide-open terrain. 

In v.h.f. mobile communication om effective 
working range is nearly ulways limited by 
noise, mostly ignition racket from our own car 
and others. Such noise tends to be vertically 
polarized, so in areas of appreciable motor traf
fic horizontal antennas yield considerably higher 
signal-to-noise rat ios tlian vertical ones. This 
has led to adoption of halos, tmnstiles and 
other horizontalJy-pol::trized mobile antennas, 
despite the concern of some family passengers 
who may not be sold on the es thetic virtues of 
these devices. 

In other v.h.f. work not involving mobiles 
noise is still a factor, but it may or may not be 
predominantly vertical in nature. ln general 
pobrization is nut an irnportant consideration, 
as for as signal-to-noise ratio is concerned, oth
er than with mobiles. Long e:<perience has 
shown t11at if there is any ~ignal-strength ad
vantage it usually lies with horizontal polariza
tion. This is probably because of a combination 
of the vertical nature of some noise and t11e 
observed tendency of polariza tion to roll over 
to horizontal in passing over hiJly terrain. This 
is hard to pin clown, however, and some v.h.f. 
men with extensive experience in high-moun
ta in country insist that vertical is superior to 
horizontal in working with mobiles. This may 
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well account for the predominance of verticals 
in Cali fornia nnd preference for horizontals in 
most other areas, where the terrain is either 
open or rolling in character . 

Near saturation of the country with televi
sion, which employs horizontal polarization, in
troduces a factor not present when the move to 
horizontal standardization for amateur v.h.f. 
began in the late 1930's. Because polarization 
shi[t is slight in the immediate vicinity of the 
transmil ting station, horizontal polarizti lion for 
both home TV and amateur work docs increase 
the possibility of TVI of the front-end-overload 
variety. Jt should not be assumed that changing 
b nck to vcrticiil would be a cure-all for TVI 
problems however, for the causes and cures of 
T V ! arc much more involved than this. F ur
thermore, since interference that may result 
from mntched polarization is due to receiver 
dcllcicncies and is not the fault of the amateur, 
he should not be required to sacrifice commu
nications efficiency as a TYi expedient. 

\Vo had interference problems when every
one used verti<:lll v.h.f. antennas. Vie still have 
them in areas where verticals are predominant 
today. T V! resulting from harmonic radiation 
and the nil-too-common audio-recti fica tion prob
lem woulc.l be largely unaffected by chonging 
tho polarizat ion of the amateur antenna. Ci:oss
polnrizntion has demonstrated no marked TYi 
cure-nil properties in Great Brita in, where tele
vision is vertical and amateur v.h.f. antennas 
are horizontal. 

Space-Age Polarization 

A third type of polarization is coming into 
widespread use in communication involving 
natural and artificial satellites, because of the 
constantly varying polarization encountered in 
this work. Called helical or circula r poln.riza
tion, this is best symbolized by a screw thread, 
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with the wave boring through space in the man
ner of a bolt being turned into a threaded hole. 
A circularly-polarized system will accept waves 
of any plane polarization, as well as circularly
polarized waves, so it is useful in amateur v.h.f. 
communication in areas where both horizontal 
and vertical m·e in use. It suffers a 3-db. penalty 
for its universality, however, so it is usually not 
ns good as matched plane polarization in such 
circumstances. 

T wo-way work involving circular polnrizntion 
at both stat ions should be equal or superior to 
matched plane polarization, and it may be used 
on paths where there is marked polarization 
shift, over land as well as in space communica
tion. There is n polarization-matching p roblem 
with circular systems also: the direction of ro ta
tion, or "sense," must be t11e same for both 
stntions. A right-hand-polarization wave en
counters approximately the same barrier in a 
left-hand-polarized antenna as does a horizon
tal wave at a vertical antenna, the discrimina
tion amounting to 20 db. or more. 

A fortl1er complication is introduced in work 
via reflection paths, as in the earth-moon-earth 
route: the reflection produces a reversal of po
larization sense. To receive our own signal re
flected from the moon, we must reverse the sense 
of antenna polarization between transmitting 
and receiving. The problem is lessened for two 
stations communica ting by way of the moon or 
a reflecting satellite, since one merely needs to 
use right-hand and the other left. 

Circular polariza tion is inherent in the helical 
antenna, F ig. 8-8, in which the driven clement 
is a coil of wire or tubing, fed at one end and 
usually backed up by a screen reflector or 
"ground plane." D imensions of the helix are 
not critical, so it is useful over a very wide 
frequency range. Each tum of the helix is one 
wavelength at the midpoint of its useful fre
quency range. Combinations of horizontal and 
vertical elements placed at right angles to one 
another and fed in the proper phase also pro
d uce circular polarization. The sense can be 
reversed by reversing the feed system in such 
an array. 

COAX FEEO,RQ__Q__QJUJ 

;:.~~' l 
fig . 8·8 - Schemotic d ra wing of o helical ontenno. Cir
cumference should be one wavelength, diameter 0.32 
wavelength, turn spacing 0.22 wavelength, ond reflector 
diameter 0.8 wavelength. 

OFF THE BEATEN PATH 

Collinear and Yagi antennas of conventional 
design are so universally used in v.h.f. com-

munication that most amateurs give li ttle con
sideration to other systems. To a degree, an-
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tenna principles are the same regardless of 
frequency, so it may be to the v.h.f. man's ad
vantage to try methods used on other frequen
cies, botJ1 higher and lower than his accus
tomed stamping ground. 

The Quad 

An antenna very popular among DX men on 
10, 15 and 20, but little used in v.h.f. work, 
the Quad has interesting possibilities. It can be 
built from sticks and wire, if need be, so its 
cost can be close to the ultimate low for beams. 
It is an antenna that is readily adjusted, since 
all elements can be stub-tuned. It has an ap
preciable frontal area, and it is inherently a 
lower-angle radiator than a Yagi of the same 
height above ground. A quad can be built with 
any number of elements, in the manner of a 
Yagi, or several driven elements can be nr
ranged in sets fed u1 phase, much like the col
linear. Tbe same basic stacking and feeding 
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principles nppiy for quads as for Yagis. 

Long-Wire Antennas 

An amateur with a wire antenna for lower 
bands never need wait for the erection of a 
v.h.f. beam before operating on 50 Mc. or 
higher bands. Antennas for 80, 40 or 20 are not 
often we!J-adapted to v.h.f. use, but they can 
always be made to work, after a fashion. On 
rare occasions they may be outstanding, for a 
long wire operated on its high harmonics has 
interesting properties. Two-meter men the 
length of the Allantic Seaboard fondly recall 
the booming signal put out for years by W4-
CLY, using a 75-meter djpole lliat sloped down 
from the lighthouse at Cape Henry, Virginia. 
More often, the low-band wire will show its 
best properties in the least-useful directions, but 
there's no harm in trying. 

Principles that make the V and rhombic use
r ul on lower frequ encies sti ll apply at v.b.f. If 

designed for lower bands 
these antennas will not have 

Dimensions of V and Rhombic Antennas for V.H.F. Use. Col
umns 1 and 2 Are for V Designs. For Rhombics Use 1, 3 and 4. 
Freq. Side Length v 
(Mc.) "A" in Feet Angle 

Ooer-all Length 
"B"inFeet 

Width 
"C" in Feet 

dimensions that are optimum 
for 50 or 144 Mc., but they 
can be pressed into service 
in a pincl1. With side lengths 
and angles adjusted for a 
v.h.f band t11ey may do very 
well. A rhombic large enough 
for appreciable gain at 50 
Mc. may fit on a residential 
Jot, and if it can be aimed to 
tnke care of major activity 
areas it may be worth a try. 
Unterminated, tJ1e rhombic 
is bidirectional, which may 
help iu this. A main problem 

50.5 58 
145 58 
28.7 68 
50.5 68 

145 68 
50.5 106 

145 106 
28.7 136 
50.5 136 

60° 
35° 
70° 
55° 
35° 
42° 
35° 
52° 
37° 

96.5 
109 
101.5 
106.5 
129 
192.5 
205 
237.5 
252.5 

65.5 
39 
84 
70.6 
41 
91.5 
47.5 

133 
102 

with wire arrays is getting 
them high enough to make 
t11em really pay off in v.h.f. 
work. Practical V and rhom
bic dimensions are given in 
Tnblo 8-11. 

Plane and Parabolic 
Reflectors 

Looking higher in frequen
cy, U10 v.h.f. man can borrow 
tecbniques from u.h.f. prac
tice. Plane, corner and even 
parabolic reflectors begin to 
be attractive at the upper 
end of the v.b.f range. Large 
nonresonant reflector systems 
offer broad frequency re
sponse, clean pattern and 
noncritical adjustment, but 
from the standpoint of gain 
for a given size, they are not 
oulstauding. A corner-reflec
tor array having a gain of 10 
db., for e.-;ample, is larger 
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and more difficult to erect than a Yagi or col
linear of the same gain. 

The flat-plane reflector backing up colline::ir 
elements may have more potential. A light 
frame covered with chicken wire, window 
screening or hardware cloth, with sets of ele
ments for two b:inds on opposite sides of the 
structLUe is a convenient way of operating on 
220 and 420, or 420 and 1215 Mc. with one 
rotating array. Except as it affects impedance, 
spacing of the corner or Bat-plane reflector 
from its driven elements is not particularly 
critical. The impedance of the driven element 
for various spacings ( D) from the vertex of cor
ner ang les 45 to 180 degrees (flat plane) is given 
in Fig. 8-9. Cain with the fbt-plane reflector 
remains nearly constant from 0.1 to 0.25 wave
length, so it can be seen that varying the spac
ing may be a convenient way of accomplishing 
an impedance match. 

The parabolic reflector produces a very sharp 
and clean pattern, if it is large in terms of wave
length. A reflector diameter of about 10 wave
lengths is tho minimum for appreciable focus
ing effect, which is the basis of the system. 
This means about a 25-foot "dish" for 432 Mc., 
which may look like the hard way to develop 
an outstanding signal at that frequency. Where 
the reOector can be set up at or near ground 
level, as for moonbounce work, a sizeable in
stallation is well within the capacities of the 
kind of workers who arc apt to band together 
for a group project in this field. 

Because of constant improvement in reflec
tor design for military and scientific needs, 
some large reflectors have become available to 
amateurs through surplus channels. Several of 
the larger amate ur installations have used sur-

ANTENNAS AND FEED SYSTEMS 

"' ,. a 60r--~~--1-+-~~~~1---r-~~-r~~__,<-; 

.!. 
u z 

8 
~ 40f-----J'--~-+-~~~+-t--~~~-+-~f--~~ 

..., 
--' 
0 
CL 

Ci 

no 
"O" IN WAVELENGTHS 

Fig. 8-9-Feed impedance of the d riven element in a 
corner-reflector a rray, for various corner angles of 180 

(flat sheet), 90, 60 a nd 45 degrees. 

plus dishes, but other individuals and groups 
have demonstrated that construction of a suita
ble parabola is not beyond the realm of possi
bility. 

A. reflector as smaU as 6 feet in diameter can 
be pressed i.nto service at 420 Mc., but it will 
have large minor lobes and low gain. A Yagi or 
collinear array of equal or better performance 
is more practical. In general therefor the 1215-
Mc. band is the d.ivicling line above which the 
parabola becomes a thoroughly practical ap
proach. For 2300 Mc. and higher it is prac
tically standard equipment, and even a 4-
footer works very well from this point on up. 

STACKING PROBLEMS 

In stacking horizontal Yagis one above the 
other on a single support, certain considerations 
apply whether the bays are for di.fforent bands 
or for the same band. As a ru le of thumb, the 
minimum desirable spacing is one-half the boom 
length for two bays on the same hand, or balf 
the boom length of the higher-frequency array 
where two bands are involved. 

In the stacked two-band array of F ig. 8-10, 
the 50-Mc. tJ-element Yagi is going to "look like 
ground" to the 7-elernent 144-Mc. Yagi above it, 
if it has any e ffect at all. It is well known tha t 
the impedance of an antenna varies wi th height 
above ground, passing through tl1e free-space 
value at a quarter wavelength and multiples 
thereof. At one-quarter wavelength and at the 
odd multiples thereof, ground also acts like a 
reflector, causing eons.iderable radiation straight 
up. This effect is least at the half-wave points, 
where the impedance also passes through the 
free-space value . Preferably, then, the spacing S 
should be a lialf wavelength, or multiple there-

of, at the frequency of the smaller antenna. The 
half-the-boom-length rule gives about tho same 
answer in this example. For this length of 2-
meter antenna, 40 inches would he the mini
mum desirable spacing, but 80 inches would be 
better. 

The effect of spacing on the larger anay is 
usually negligible. If spacing closer than half 
the boom length or a hnlf wavelength must be 
used, the principal thing t:o watch for is varia
tion in feed impedance of the smaller antenna. 
lf the smaller antenna has an adjustable match
ing device, closer spacings can be used io a 
pinch, if the matchiDg is adjusted for minimum 
s.w.r. Very close spacing and interlacing of ele
ment~ should be avoided, unless lhe builder is 
prepared to go through an extensive program of 
adjustments of both element lengths and match
ing. 

Stacking for Gain 

In stacking bays for the same band fed in 
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phase, the minimum spacing for appreciable 
gain is a half w:wclcngth for Yagis of up to four 
elements or so. For such small Yagis, and for 
dipoles anti omnidirectional systems such as the 
Big Wheel and the lurnst.ilc, a spacing of % 
waveJength will give appreciably more gain. 
This is convenient in that an electrical full 
wavelength of coax may be used for phasing. 
We'll get into phasing and feed problems later. 

As bay spacing is increased in directional ar
rays the main lobe becomes sharper, but minor 
lobe content also increases. This becomes self
defeating if carried too for. Small Yagis spaced a 
half wavelength show a beauti fu lly clean pattern, 
but only motlcrnte gain from stacking. For Yagis 
up lo two wavelengths long, a bay spacing of one 
wavelengt11 is good, though minor lobes are quite 
pronounced when intliviclual bays have 6 ele
ments or less. 

For arrays of more than two wavelengths, 

Fig. 8-11-Approximote horizonlol patterns of a 32-
elemenl 2-meler col linear, •howing the effect of increas
ing spacing between the inner element ends. Pottem C 
(solid line) is with the element end• two inches oport, 
the procedure normally usod in such orroys . . Potlern 8 
resulted when the spocing wos increosed to ~ wave
length. Pottern A was token with -H.-wovelength spocing 
between inner clement ends. Note thot the main lobe is 
longer ond sharper with the wider spocings. Minor lobe 
content olso increoses, ond this is a limiting foctor in 
boy spacing in all typos of arrays. A bay spacing of * wovelength is optimum for short Yogis, as well. 
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Fig. 8-10- ln slacking Yagi orrays one obove 
the o ther the minimum spacing between 
bays, S, should be obaul holf the boom 
leng th of the smollcr orroy. Wider spocing 
is desirable, in which case it should be a half 
wovclenglh, or samo multiple thereof, al the 
frequency of the smaller orray. If the 
beams shown ore for 50 ond 144 Mc., S 
should be 40 inches minimum, with 80 inches 
preferred. Similar condition• opply for 

stocking boys for a single band. 

keep that haU-the-boom-lcngth minimum in 
mind, but space them wider if you can. It can 
be seen from this that stacking of long Yagis 
makes for large anti ungai11ly structures, but 
gain never comes easily once you get into the 
upper brackets. ' 

Fig. 8-12- Arrays of several driven elements should be 
fed at the center of tho system, so that curren ts will be 
balonced about tho feed point. Array at the left wa• 
ineffedive until tho feed wos chonged to the center 
connection, as in tho right-hond sketch. 

Stacking Yagis one above the other increases 
gain witllout sharpening the horizontal pattern 
-m"Ually a desirable objective. In stacking an
other pair beside the first two, the optimum 
spacing depends on the length of the bays. One 
wavelength center-to-center is ordinarily used 
witll booms less than one wavelength long. The 
half-the-boom-length minimum applies with 
longer ones. 

Pattern effects with stacking are illustrated in 
Fig. 8-11, made with two 16-elemcnt collinears 
mounted side by side. Note that the pattern is 
markedly sharper with each wider spacing be
tween halves of t11c array. The gain is also 
higher, but minor-lobe content increases rapid ly 
at the wider spacings. Pattern A, made with % 
wavelength between tlrn inner clement ends, 
shows excellent gain, but the pattern is ex
tremely sharp, and minor lobes nre larger t11an 
for B, which was made with the bays spaced to 
leave ~ wavelength between inner element ends 
( ~ wavelength between bay centers). 
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Going beyond % wavelength would result in 
no improvement in gain, for the minor lobes 
would be much larger. These would grow from 
here on, at the expense of the main lobe. A 
likely compromise between the maximum ob
tninnble gain and the risk of large minor lobes 
is between JI and J~ wavelength between inner 
clement ends, depending on what the builder 
w:1nts most from his effort. 

Als<> apparent from these patterns is the fact 
that with large collinears, as with large Yagis, it 
is not lo our advantage to fill up an array with 
element.~. Sp:icing out the irmer element ends 
lo n half wavelength probably net~ as much as 
putting another set of elements in the space be
tween the bays. The 48-element collinear array 
for 432 Mc., Fig. 9-67 is probably at least as 
effective os would bave been a 60-element col
linear of the same frontal area- and the former 
is much easier to build and feed properly. 

Phasing and Feedpoint 

Arrangement of phasing lines and the point 
of connection of the main transmission line are 
important factors in the performance of large 
arrays. Balance of currents about the central 
feedpoint is the critical point here, as the driven 
elements must be in phase if the system is to 
function properly. T he author learned this the 
hard wny yenrs ago with a curtain array of 8 
verticol half-wave elements in phase. This bi
d irectionnl system was first erected as shown at 
the left in Fig. 8-12. T his was desirable mechan-
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Fig. 8 -13- ln pha si ng large a rrays no more than 8 ele
ments should be connected to one li ne termi nal, a s a t 
A. Even with 8 half wav: s in phase, it may be desira ble 
la break the systems up into two parts, as at B, joi ning 
their midpoints with a phasing line. The phasing ha r
ness so used should bo a half wavelength o r multiple 
thereof each side of the main feed point. The universal 
stu b, Fig. 8-180 , is very useful for feeding such a 
system. 

ically, but the array worked very poorly. Chang
ing the feed point to the center of tl1e phasing 
system corrected the current unbalance, and 
turned this ndmittecl ly rather haywire arrange
ment into nn effective v.h.f. array. 

The more driven elements there are in a 
phased system the more difficult it is to keep 
them in balance. Thus it is often desirable to 
brenk up a lnrge driven system into several sets 
of elements, interconnected wit1i phasing lines. 
T he 48-element 432-Mc. array mentioned above 
is an example. Ordinarily no more than 8 ele
ments shoulu be in a single set, and breaking 
these up iuto two sets of 4 each may be better. 
See F ig. 8-13. 

TRANSMISSION LINES 

The best antenna is of little value if it cannot 
be made to accept power from the transmitter 
or transfer signals it intercepts to the receiver. 
Thus, selection of tl1e right transmission line and 
an effective method of matching it to the anten
na arc of utmost importance. These factors are 
more vital to tl1e v.h.f. man than to the occu
pant of lower frequencies, for even with the best 
lines losses ru n higher in v.h.f. installations than 
in the 80-throug h-10 sta tion. I t is easy to waste 
more than half our transmitter power in heating 
up the transmission line, and still more can be 
lost in rndiation from it that should have been 
gone on to the antenna itself. Many 144-Mc. 
instnllntions are at least this bad, and on higher 
bands power and received-signal losses may run 
up to 90 percent, with some lines that are fairly 
common in v.h.f. circles) 

Coax, Twin-Lead or Open-Wire? 

Thero arc three p rincipal types of tr:msmis
slon line commonly used in v.h.f. i11stallations 
today. Each is obtainable in many styles and 
sizes, and each has its strong and weak points. 
There is no one "best" line, or we would not 
still be using aU three. Choice of the right one 
begins with the line-loss information, Table 8-

III, but this is by no means the whole story. 
T hese figures are for new lines, properly in
stalled, and used in dry weather. Under average 
amateur-station conditions losses will almost cer
tainly be greater than the table indicates. 

Coax has relatively high loss in the tables. 
RG-8, perhaps the most commonly-used line, 
reputedly hns n loss of about 2.5 db. per hun
dred feet nt 144 Mc.-if the line is working per
fectly. At 420 Mc., the same line, in new condi
tion and perfectly instri llecl, will dissipate 70 per
cent of your transmitter power and received-sig
nal strength in a 100-foot run. Discouraging as 
these figures may seem, they are not the whole 
story. Transmitter power loss can be made up to 
some extent by increasing power, at least up to 
the legal limit, but in receiving the signal lost 
can never be recovered. 

Good coax, on the other hand, is tolerant of 
installation. Ct is almost impervious to weather 
changes, and it c11 n be installed anywhere. Tape 
it to a steel tower, or bury it; let it wrap around 
the tower and unwrnp again as the beam is ro
tated- the loss will stay the same, almost re
gardless of conditions that adversely affect other 
types of lines. A prime advantage of coax that is 
often ignored is the fact that it permits meas
urement of the system performance readily, 
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and with fairly inexpensive equipment. You can 
measure your s.w.r. nnd line loss, and the effects 
of nny adjustments are immedfately apparent. 
This is not easy with other types of line. 

Twin-Lead is inexpensive and convenient to 
use. Its advertised losses look good on paper, 
compared with coax. The best gr.ide of tubular 
Twin-Lead, transmitting type, is quoted at 1.25 
db. per hundred feet at 144 1'.Ic. and 2.3 db. at 
420 }.[c., but losses go up markedly in wet weath
er, and performrrnce is very erratic. Flat ribbon 
gives the most trouble, but even the best n1bu
lar line will show flu ctuating loading in heavy
rain conditions. Cheap lines with small conduc
tors and thin insulation should be avoided en
tirely, unless the line is to be indoors or no more 
th'ln a few feet long. 

Book figures make open-wire line look best of 
all. If a good open line has only 0.2 db. loss 
at 144 Mc., why cloe.~n't everyone use it? Even at 
420 l\'lc. , the Jos.~ pl'r 100 feet can be under 1 
db. This picture has the biggest "ifs" of all, how
ever. Such fine results are achieved, if ever. only 
under the most carefully-controlled conditions. 
The conductors must be large, yet ~"Paced close
ly so that radiation from the line will be negligi
ble. \,\/ire alignment must be kept constant, yet 
with a minimum of insulating spreaders and sup
ports. There can he no sharp bends in the line, 
and it must be positioned so that it is balanced 
to ground. 

These conditions definitely are not met in most 
amateur installations. \IVe use TV-type lines, 
with too-small conductors and spacings general
ly too wide, at lenst for 420 Mc. There are 
spreaders every few inches. The line is often run 
close to a metal tower or cavethroughs, with lit
tle or no considcrntfon of balance to ground. 
Nearly always there arc bends of a shnrpncss 
that can be very harmful. One 220-Mc. line in
stalled with rcason11hle care and nsing half-inch 
spaced open TV line showed a measured loss of 
4 db. in a 125-foot run. This represents a trans
mitter power loss of 60 percent, yet it was prob
ably a better-than-average amateur instalJation. 

The potential low-loss qualities of open line 
can be realized in nmntcur work if sufficient care 
is taken in the construction and use of the line. 
Large conductors nrc a must; never less than 
No. 14, and No. 12 or l:lrger is better. Spacing 
must be close in tcm1s of wavelengt11; not more 
than l inch at 144 }.le. and proportionately less 
at higher frequencies if at all possible. Teflon 
is preferred for spreaders, and they should be 
several feet apart. If bends must be made, keep 
them to very obtuse nngles, or in a continuous 
arc of large radius. 

Baluns (about which more hller) should be 
made and used with care. A 100-foot straight 
nm of No. 12 enamelled wire, spaced % inch 
center-to-center wi th nylon spreaders every 6 
feet, fed with baluns at each end, was measured 
for loss, including bnluns, at 144, 220 and 432 
Mc. It showed 1.1, 1.35 and 1.56 db., respec
tively, on these frequencies. By comparison a 
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~-inch TV line tested on 432 Mc. under identi
cal conditions showed a loss of 2.3 db. These 
losses arc somewhat higher than those of Table 
8-lll , but they represent the best Lhat can be ex
pected in a practical amateur insta llation. They 
also demonstrate the worth of good open-wire 
line, when it is used properly. If the line must 
be long, a good open-wire inst:1llation is proba
bly the best way lo do the job at moderate cost. 

Tips on Selecting Coax 

Coaxial line comes in two principal impe
dances: 52 and 72 ohms. There arc small varia
tions either side of these nominal llgures, but 
they are of no significance for our purposes. 
Other impedances are available, but are seldom 
found in amateur installations. From the stand
point of overull effectiveness thcrn is no prefer
ence hetwcen the above impedances, but prac
tical factors tend to make the 52-ohm types 
the more useful. Most test equipment is set up 
for 52 ohms, for example. On the other hand, 
72-ohm coax and a halun of the same material 
provides a good match to the 300-ohm balanced 
load that some v.h.f. antennas represent. 

Losses in any line are related to conductor 
sizes and types of insulation. The small sizes of 
coax, with inner conductors of No. 22 wire or 
smaller, arc bound to have high losses, regardless 
of quality or price. An inner conductor of No. 14 
wire or its equivalent in stranded wire is about 
the minimum that should be used. except for 
short nins. Coax like RC-58 or 59 is conven
ient, but it should never be used for v.h.f. appll
cations where the nm is more than a few wave
lengths. There is no easier way to waste power 
and lose receiving clfcctivcnessl 

Any coa.~ costs money and good coax is quite 
expensive, but all th ings considered the best 
may turn out to be a good investment. Cheap 
coax is likely to be old, and its measured loss 
may be higher than figures given in the table. 
l\fore important, older types of coax and some 
inexpensive new ones deteriomte quite rapidly 
when used outside. Be sure to find out whet11er 
or not the coax of your choice will stand up in 
outdoor service. "Non-contaminating" is the 
word for it. Coax guaranteed for 15 years of use, 
underground or otherwise exposed, is now avail
able at moderate cost. 

Coax is available in infinite variety. \Vorth 
looking for is the "polyfoam" version of standard 
types. These cost slightly more rhan solid-dielec
tric types, but losses are typically one-third less. 
Watch the velocity factor, however. Ticduced 
density of insulation generally means a higher 
velocity factor. An electrical half wave-length 
will be a greater portion of a physical half wave
length wit11 foam or other low-density dielectric 
than with solid. 

Various lines are made with scmiflexible 
sheathing, usually aluminum, and with spiral 
wrap or foam insulation. These arc fairly costly, 
but they deliver excellent results nod are Hne for 
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pennanent installation. Flexible sections for ro
tation are needed with these, and a good wa)' to 
handle a multiband installation is to put in a 
remotely-operated coaxial switch to permit the 
use of one line for alJ antennas. 

About Coaxial Fittings 

If you go to the expense of a good conxial 
line, it is approaching the ridiculous to pinch 
pennies on the fittings to be used with it, pnr
ticularly on 220 Mc. and higher. The so-called 
"UHF" fitting isn't to be trusted in the u.h.f. 
range, especially if you want to be able to meas
ure antenna and feed-line performance with any 
degree of accuracy. 

Probably the best fitting, for most of us, is the 
series N, a constant-impedance type that can be 
bought at moderate prices on the surplus mar
ket. It gives a constant impedance through the 
connection, and can be had in all types required. 
Properly installed, it is weatherproof. 

Series C fittings provide constant impedance, 
and are weatJ1erproof. In addition, they are 
quick-disconnect, and very handy on that ac
count. However, they are not on surplus, and 
are quite expensive. 

The BNC Series is nice, but too ~mall for the 
RC-8-sizc line. The Type HN is a constant-im
pedance series, for ilie larger sizes of coax. 
Whatever series you select, he sure that the 
installation job is done properly. Water leaking 
into fittings will ruin the best ~-ystcm in short 
order. A sprayed coating of lacquer helps to pre
vent moisture absorption. 

G·Line 

Most u.h.f. iunateurs arc aware that there is a 
single-conductor transmission line, invented by 
Coubau, and called "G-Line" in his honor. Pa
pers by the inventor appeared some years ago, 
in which seemingly fa ntastic claims for line loss 
were rnade; under 1 db. per hundred feet in the 
microwave region, for example. Especially at
tractive was the statement that the matching de
vice was broad-hand in nature, makini;! it appear 
that a single C-Line installation might be made 
to serve on both 420 and 1215 Mc. 

When 11.h.f. TV first appeared on the scene, a 
C-Line kit was put on the market. Mainly be
cause of its high cost ( :ibout $30.00, plus instal
lation) it never sold well for home TV use, hut 
it has since come into its own in cable TV sys
tems. Herc very long lines must be run, and 
losses must be held to a minimum, so t11c C
Line principle looks more attractive. 

The basic idea is that a single conductor can 
be an almost lossless transmission line at ultra
high frequencies, if a suitable launching device 
is used. A similar launcher is placed at the otJ1er 
end. Basically the launcher is a cone-shaped de
vice which is a Rared extension of the coaxial 
feedline. In effect, the cone gets ilie energy ac
customed to travelli.ng on the inner eoDductor, 
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as the outer conductor is gradually removed. The 
inner cODductor should be large and heavily in
sulated .. o. 14, vinyl covered, is supplied with 
the kit. 

Since the kit was designed for home TV use 
the small end of ilie hom launcher has a balun 
of sorts for conversion from unbalanced to bal
anced line. This can be removed for amateur 
purposes, and the system fed directly with 72-
ohm coax. The C-Linc is very sensitive to bends. 
lf any must be made, they should be in the 
form of an arc of large radius, this being pre
ferable to even an obtuse-angle change in the 
direction of run. The line must be kept several 
inches away from any metal, and should be sup
ported with as few insulators as possible. 

A 100-foot run using direct 72-ohm feed to tlle 
launchers measured for loss at 432 Mc. showed 
2.7 db., which may have been mainly in the 
launchers, since they were much too short to be 
really effective at this frequ ency. Theory states 
that tbe cones should be at least· 3 wavelengths 
long, and ilie kit type is less than one wave
length at 432 Mc. Since loss in the line it
self is presumably very low when properly in
stalled, the C-Line idea should be useful where 
very long runs are required in u.h.f. and micro
wave work. 

Practical Line Installations 

It is one thing to quote losses for a straight 
Twin-Lead or open-wire line, without bends or 
insulating supports, and well away from metal 
or semiconducting objects such as trees, roofs 
and walls. It is quite another to put up a prac
tical installation for an amateur station, where 
a line must be run from inside the house, be 
fastened to a tower part way up, and then al
lowed to swing free as the antenna is rotated. 
The inevitable losses and mechanical troubles 
that result from compromises inherent in the 
amateur approach, particularly with rotatable 
arrays, make a strong case for coax. But with 
any line these problems must be dettlt wiili, 
and how we handle them can make a good 
many decibels difference in our signal reports, 
sending and receiving. 

If coax is used it is best to support it fre
quently throughout tho run and not depend on 
strain to keep it up out of harm's way. Burying 
coax is 6nc, provided that it is the noncontam
inating variety. Lines of this type have a letter 
following the number. Example: RG8A/U is 
the noucontaminating version of RC8/U. The 
letter may be A, B or C, depending on oilier 
characteristics. Most coax made today is non
contaminating, but the buyer should watch this 
point in picking up "bargains." 

Coax can be taped to a tower, so long as there 
is no abrasion to cut through the insulation. 
Sharp bends are hest avoided, but only for me
chanical rather than electrical reasons. 'Where 
coax must swing free, as in tl1c portion that will 
rotate with the antenna, be sure that enough 
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(A) 

-<-ilz or any multiple 

line or 
malchi119 section 

slack is left lo assure free rotation without ad
ditional strain. An e;1.ira turn or two around tJ1e 
tower, near the point of attachment to the beam, 
is usually desirable. Make all supports extra 
strong, to take care of extra loads imposed by 
ice and wind. 

Properly handled, coax makes the best avail
able rotating section for antenna~ that arc fed 
with other types of line that may be more criti
cal as to proximity to metal. Open-wire lines 
are particularly susceptible to b reakage or short
ing out unless special precautions arc taken. Usu
ally some form of insulated flexible line is con
nected between the antenna proper and a sta
tionary suppor t at the top of the tower or mast 
on which tlae nntenna is mounted. 

Such a rlcxible section can take several fonns, 
and it can be made to do double duty as a 
matching device. Probably the most satisfactory 
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Fig. 8-14-Flexible sections for rotatable 
arrays. Coax may be used, as at A. If the 
coax section is any multiple of o half. 
wove le.ngth, the antenna impedance will 
be repeated at the bottom end. Twin-lead 
may be used either as o Q section or as 
on impedance repeater, as shown in B. 

Driven clement 
~~~~-., r-T~~~~ 

' 300-olwn 
Twin·Leoc:J 

Support 
here-

(B) 

~or odd multiple for 
:'O'"Sec1ion; ~ a. any 
mulliple for 1cpealin9 
impedcr\.Ce 

450· ohmnne 

method for arrays that are not to be fed di
rectly wil'h coax, is to use a flexible section of 
coax with baluns at each end, as shown in Fig. 
8-14A. If the flexible section is made any mul
tiple of a half wavelength electrically the impe
dance of the array will be repeated at tl1c uot
tom of the flexible section. 

A similar method is to use Twin-Lead for the 
rotating section, as shown in Fig. 8-14D. The 
300-ohm tubular transmitting-type line is rec
ommended. Here again, halfwave sections re
peat the antenna impedance at the bottom end. 
Such a rotating section can also be made nny 
odd multiple of a quarter wavelength, to act ns a 
Q section, giving a step-down between a 450-
ohm open line and a 200-ohm antenna hnpe
dnnce. More on these applications will be found 
in the text relating to matching devices that fol
lows. 

IMPEDANCE MATCHING 

We ·know, or can detennioe, the impedance 
of the transmission line we want to use. If we 
knew the impedance of the antenna with equal 
certainty, matching one to the other would be a 
simple mnttor and one of our major v.h.f. an
tenna problems would be solved forever. Unfor
tunately, the actual impedance of an antenna is 
subject to so many variations that it is seldom 
possible to put a precise value on the impedance 

the transmission line must work into. Somo kind 
of adjustable matching device is, therefore, a 
very useful tool. 

Mntching systems are many and varied, but 
all perform one basic function: that of impedance 
transformation, so that tho fee<lline will "see" 
:m impedance similar to its own, regardless of 
tl1e actual antenna impedance. Matching may be 
combined with other functions, such as convcr-
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sion from an unbalanced line (coax) to a bal
anced load (center-fed antenna element). 
Matching may be included in the phasing lines 
connecting the bays of stacked arrays. The 
matching element may also be used to tune the 
system to resonance. We'll get to examples of all 
these methods shortly, but first a bit more about 
what they are going to be called upon to do. 

About Antenna Impedance 

This was discussed briefly earlier, but to re
view, a half-wave d ipole in free ~'Pace has an 
impedance of about 72 ohms. When the dipole 
is close to ground, or object~ that simulate 
ground, its impedance changes. In the first half 
wavelength from the ground up, the impedance 
swings from a few ohms near ground, through 
the free-space value near 0.25 wavelength to as 
much as 100 ohms at 0.3 wavelength, and then 
back to 72 ohms at the half-wave point. Beyond 
here it drops off to 60 ohms and rises through 72 
ohms again to nearly 85 ohms, then drops back 
to 72 ohms again at one wavelength. The effect 
of ground on impedance becomes relatively in
significant beyond two wavelengths, as shown in 
Fig. 8-15, but it can be seen that in situations 
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most hams encounter in putting up antennas the 
impedance of a dipole is anything but a sure 
thing . 

Ground is only one factor. Adding parasitic 
elements drops the impedance, but how much is 
anyone's guess, especially in arrays with both 
reflector and director clements. Length, diameter 
and spacing of tl1ese elements can effect great 
changes in tJ1e impedance of the driven element, 
to the point where it is almost impossible to 
predict what the feed impedance of a Yagi array 
will be. The best course, then, is to make the 
antenna first, determine its impedance by esti
mate or experiment, nnd then make a matching 
device to fit tl1e requirements. If we can make a 
reasonable guess at the impednnce, we can make 
an adjustable matching device of small range 
that will do the job. 

If our antenna is just a half-wave dipole, Fig. 
8-16A and B, we c<1 n as~'Ume 72 ohms, know
ing from the curve of Fig. 8-15 that it cannot 
vary much more than 30 ohms either way. 
Adding a reflector will bring the impedance 
down- to 40 or 50 ohms, on the average. Put
ting on directors will lower it further, to some
thing around 20 ohms. All these are for the fed 
point of tl1e split dipole, A. At the center of a 
dipole that is unbroken, Fig. 8-16B, the r.f. volt
age between the element and ground is zero. 
This point can thus be grounded, as in all-metal 
arrays, and the impedance matched by tapping 
the line out on the clement in various ways. 

R.f volta~c and impedance at the ends of 
half-wave clemcMs are very high. So is the feed 
impedance of two dipoles fed in phase at tl1eir 
inner clement encl:, Fig. 8-16C, the simplest col
linear array. The feed impedance of an "H" 
array of four half-

1
vaves in phase is somewhere 

around 600 ohms. The popular v.h.f. collinear 
16-element array (8 halfwaves in phase as in 
Fig. 8-13, but with reflectors) gets down to 
around 200 ohms-maybe! Remember that 
t11ere are modifying factors, including that of 
coupling between elements, but 200 ohms is a 
good starting point for setting up a matching 
system for tl1is type of array. 

All these assumptions are valid approxima
tions only for the frequency at which the system 
is resonant. lf tJ1e array is out of tune all bets 
are off. We then must have some means of 
tuning the system before we can match it. 

+~ Hi.olt9+ H~lt~-Hijh z - • -;, -. ~· 

l z ~-~A _ :!-~ 
~--1 J: - -:;: 

B 2 I C 
Lowz 

(72 Oitntf} 'I Fig. 8-16-The halfwave dipole, A, is fed al its center, the point of 
lowest impedance. For a dipole in free space, and ot certain heights 
above ground, this impedance is 72 ohms. R.f. voltage on a halfwave 
dipole is shown by the curved line in B. Since there is no voltage to 
ground at the center of on unbroken dipole, this point can be 
grounded to the metal support. R.f. voltage ond impedance are 

high al the ends of two collinear dipoles in phase, as at C. 
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COMMON MATCHING METHODS 

We will not describe all kinds of matching sys
tems, but will consider only those commonly 
used in v.h.f. work, or those that should get 
more attention. 

The Delta 

F irst there is the delta or Y-matcli, Fig. 8-l 7A. 
Herc the transmission line is fanned out and 
tapped onto the driven element at points equi
distant from the center. The taps can be adjust
ed until an impedance match is achieved, and 
then fnslened permanently in place. One of the 
first impedance-matching devices ever employed, 
it stilJ has its merits, not the lea~t of which is 
simplicity. Chief fault is the likelihood of radi
ation from the fanned -out portion, especially 
when not properly proportioned. It is also quite 
frequency-sensitive. 

c 

Fig. 8·17-The transmission line and antenna imped
ances may be matched by lapping the feedlino 
out on the dipole in various ways. The delto or Y-motch 
is shown a l A. A variation for coaxial feed, using o 
balun, is given al B. The gamma match, C, i. popular 
where coax feed is used. The T-motch, 0, moy be fed 
with balanced line, or through a balun a s in the case 

of B. 

The delta works well with a balun made of 
coax, or an antenna coupler of some kind. A 
coaxial balun connected at the base of the delta 
is shown at B. If this is made of 72-ohm coax 
t11ero could be a 300-ohm line of any conven
ient length between the balun and the delta. 
Adjustment is very easy when the delta is com
bined with coax feed. You merely insert an s.w.r. 
bridge in thP coaxial line near the balun and 
adjust the delta side length and spread for zero 
reflected power. If the balun or balanced line is 
connected directly to the delta as shown in Fig. 
8-17 A and B, the lines can be of any impedances 
commonly available. More on baluns below. 

Gamma and T-Match 

Variations of the tapping-out idea are seen in 
the 1{1111111w and T-match, C and D of Fig. 8-17. 
The gamma is fine for coaxial feed, while the T 
is most often used with balanced line. A balun 
:mcl coaxial. feed could be used with the T, of 
course, just as with the delta. The series capaci
tor, C 1, is used to tune out the inductive reac-

tancc of the gammn am1. \Vithout it the gam
ma system cannot be made to work perfectly, as 
a slight unbalance is always present. The gamma 
arm is usually made of tubing of about the size 
of the driven element, and a sliding clip is used 
between the two, to facilita te adjustment. The 
capacitor can be at either end of the arm. 

Once the proper value is found for C 1 it can 
be removed and n fixed capacitor substituted. 
An assumed value for your line can be tnkcn, 
and only the point of connection of the nnn 
made adjustable. Suitable fixed values for 50 
ohms are as follows: 50 Mc.-65 pf .. 144 Mc. 
-20 pf., 220 Mc.-15 pf., 432Mc.- 8 pf. 

Strictly ~-peaking, series capacitors should be 
used with the T system too, but since omitting 
them does not upset the balance of the dipole, 
as it would with the one-sided gamma, they are 
not always used. 

Folded Dipole 

One of the most commonly-used matching de
vices is the folded dipole, shown in various forms 
in Fig. 8-18. When a single conductor is bent 
around as shown at A, the impedance seen by 
the transmission line is quadrupled. Thus a fold
ed dipole made from one size of conductor 
tluoughout has an impedance of 4 X 72, or 288 
ohms, and it can be fed with 300-ohm line, or 
with a balun and 72-ohm coax, without appreci
able mismatch. The dipole element can be made 
from a piece of Twin-Lead, with each outer end 
shorted imd one conductor broken at the mid
point, for connecting the transmission line. This 

A JO<>·ol(l>t 
I~ or balun. 
.,; 12-olun IMU' 

3<1u oluns 

1 /z~·~~:·~ .. = J7Solm:.s 

soo -olim 
- 1,,,,,,.,,.J{ 

lu-7/k 

B 

AJ1fjfoad 
---~ .--.---

D 

Fig. 8-18-A single condudor may be bent as al A to 
form a folded dipole, giving an impedance four limes 
thot of a simple split dipole. It moy thus be fed with 
300·ohm ba lanced line, or 72-ohm coax a nd o balun. 
Higher impedance step-up can be achieved by making 
the unbroken portion of the, dipole of a largor con· 
ductor, as at 8. A quarter-wavelength matching trans
former, or Q section, is shown a l C. A matching device 
that is useful for any balanced load is the universal 
stub, D. Tho transmission li ne can be coax or balancod 

line, any impedance. 



Matching Devices 
is a convenient arrangement for temporary or in
door use. 

Additionnl impedance step-up can be obtained 
by making the unbroken portion of the dipole of 
larger cross-seclfon than the fed portion, as 
shown in Fig. 8-183. This is widely used in para
sitic arrnys, where the feed impedance is nearly 
always much lower than 72 ohms. lmpcclnnce 
step-up depends on t11e ratio of the conductor 
sizes, and on the spacing between them. If the 
approximate impedance of the antenna is known, 
a suitable clement can be made for 50 or 144 
Mc. by using the nomogram, Fig. 8-19. 

Where the spacing between the portions of 
this type of dipole is an appreciable portion of 
a wavelength, as it must be at 220 or 420 Mc., 
the information of Fig. 8-19 is no longer relia
ble. A better method of matching arrays for 
these fre(]uencies is to use the universal stub, 
Fig. 8-180, or the Q section, Fig. 8-18C. For 
more on matching Yagis for 220 and 432 Mc., 
see practical examples in Chapter 9. 

A problem with folded dipoles is that one 
must know the impedance to be matched in 
order to design one to do tl1e job. Educ:ited 
guesses may come close enough for most prac
tical purposes. For example, if we assume U1e 
feed impedance of a Yagi array to be 20 ohms, 
we can use a folded dipole with a 15-to-l step
up as the driven element, and feed the array 

.• II I 

8'-o/.l'/ 
·J 6 I, 

s I I 
I/ 

4 I v 
3~1/ 
'/ I/ 

2 
/ Y:::: ....... 

' -::::-~ -
lO 
9 

8~~ 
........ 

6 
........... 

p 

cu 

02 

~D 
I 0. 

' 

......... 

/I / / 
I I 1/ I/ / / 

/ / ./ / 
,p I/ v / 

I/ :2 'b / / 

I// v '\VV 
_.,....,. 

v v/ . ,/ v ....-_. 

./ ... w _....-
,......v ~ --~ 

~ v ..... 
L,.....-

~-- -
.......- I 

11 
2 Rc1io a 4 

I 
I 

.- t-i--,.._ --=--........ ·r-~ -
3. -

'r-. --~ 

!"-- -.............. -....... 

I '~ 
~ 

......... 
I'--

............. 
I 

"-.,. [di 
......... 

I I -,di "r-...... I ,...., """' I I I I 
3 4 !> 7.!> 10 12,5 ·~ 2 0 

S/~ 

f ig. 8· 19- lmpedance step-up ratio for the lwa·con
ducior folded dipole, as o function of conductor diam
eter> and spacing. Dimensions cl,. cl• and S are shown 
an the inset drawing. This information is not rolioblo 

for use on amateur bonds above 148 Mc. 

0 
N 

179 

I/ 
•eo l---+--+---1--+--+-+-+-l'+-i 

/ V 
no1----1---1----t---t--+--t_,,--t-Tl-i 

I /' ·~1----~--1----1--~--+-ll--t+-t-irt 

l/v 
ISOl----t---t----t----ll·- -lf--ll -t-..i--t-11 

I J vy 
MOf---+--+--+---V--ff-',l-lif-1:f-t-~ 

/ I ,11/ J 
1301----+---+--~--I-~ v--#-+-,1~/-M-¥1-+-Y-#-i 

'::~~~~:~~:~-~ l~ ! ''t/~ ~ 
<:' I., ;:s 

<:? ~ 
1()01---+- ~ :: ~~ & 

J ~ .. --: f""'i 
90 1---+--+-+-,.--,IT-J ~ .,. -1--1--1--1-+-I 

I/ v I ~ 
801-----1-- ++---l'--4---<<t--+--l--l--l---i-i 

10 i--.</-14-/_l/ -.f--I-/ ~/ --l--l--+--1-1-1 

I /I I l 
60 t---+-+--+-l---l-+---t---l--it-it--1,-j-~ 

I// 
!oO'----'--__._ __ _._ _ _.__,___,__.__.__,__, 

.15 . 2 .3 ,4 .s .6 .1 .a .9 1.0 

INSIDE DIAMETER Of OUTER CONOOCTOR (INCHES) 

Fig. 8-20-Choracteristic impedance of typical oir
insulated coaxial lines. 

with 300-ohm Twin-Lend. The mismatch will be 
slight, even if the dipole impedance turns out to 
be 15 ohms, or 25 ohms, instead of 20. The 
s .w.r. will be only about 1.2 to l in eitlier case. 
We could use a 10-to-l ilipolc and a 50-ohm 
balun equally well. 

The folded dipole is easy to make, and it is 
somewhat more frequency tolerant than some 
other matching systems. It is ycry useful in 
stacked-Yagi arrays having open-wi.re phasing 
lines. A fairly high value of dipole impedance is 
desirable here, but the exact value is not impor
tant, as matching-will be taken cure of where the 
main transmission line connects to the phasing 
section . 

The Q Section 

A quarter wavelength of transmission line has 
the property of acting as a matching transform
er between two different impedances. Such a 
transformer is called a Q section, and an exam
ple is given in Fig. 8-18C. I !e re a 300-ohm dipole 
is matched to a 500-ohm line by using a Q sec
tion whose impedance is equal to the square root 
of the product of the two impedances to be 
matched. A 375-ohm section is required here, 
but the principle may be applied to many v.h.f. 
matching problems. The impedance obtainable 
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with various conductor sizes and spacings is ob
tainable from Fig. 8-20 for coax, · and 8-21 for 
balanced lines. Our 375-ohm Q section could be 
two No. 10 wires spaced lJ:: inches apart, or 
two J.:-inch rods 2~ inches apart, to show two 
examples. 

An adjustable Q section is a convenient way 
of matching two impedances that are known 
only approximately. Two J.:-inch rods can be 
made to provide impedances of about 210 to 400 
ohms, by varying their spacing from % to 3 inch
es. The system can be used to step up as well as 
down, and it works with coaxial or parallel con
ductors. Vle'll have examples later. 

The Corrective Stub 

Probably the most useful matching device of 
all is the universal stub of Fig. 8-18D. Because 
the matching stub must be a half wavelength 
or more to start, it is cumbersome at 50 ;\ le. or 
lower, but it is ideal for 144 Mc. and higher 
bands. No impedances need be k'Ilown to utilize 
it, and within limits the system to be matched 
does not have to be resonant. The short on the 
line is adjusted to resonate tl1c system to be fed, 
and then the trnnsmission line is tapped onto tho 
stub at the matching point. The load can be :my 
impedance, the stub can be any convenient wire 
or tubing size, and any spacing. The fecdline 
can be coaxial or balanced, any impedance. A 
balun is used with coax as indicated in the 
sketch . The shorting bar can be grounded, and 

800,...--,---,~--.~.-.--.----,---..--,--,-..-.-.---.--. 

'---'--t---t-+-~~""9-7"1 l :::: 700. ' 

.8 I 2 3 4 S 6 7 8 910 12 15 
SPACING (S) INCHES, CENTER TO CENTEf/ 

fig. 8·21 - Characteristic impedance vs. conductor size 
a nd spacing far parallel-conductor lines. 
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the unused portion of the stub cut off, once ad
justment is complet~ . 

Two variables are involved, which compli
cates the adjustment procedure a bit, but with 
a standing-wave bridge in the line the job is 
quite simple .. You merely move the position of 
the short and the point of connection of the 
transmission line until zero reflected power is in
dicated on the s.w.r. bridge. Coupling at the 
trlllJ.Ymitter is then adjusted for the desired load
ing. 

Fig. 8·22-Clip far use in adjusti ng the paint of con
nection of a balun, or the adjustable short of Fig. 8-
180, made from a piece of perforated aluminum. 
B~lun leads are soldered to the lug. When tho adjust
ment process is completed, the dip may be removed 
and the connection soldered perma nently to tho li ne. 

Where the point of connection of n balun or 
shorting bar must be made adjustable, a small 
clip of perforated aluminum, Fig. 8-22, is huridy 
for a temporary connector. The holes nrc al
ready made, and with some tension on tJ1c clip 
lhe edccs of the aluminum bite into the conduct
or slightly, assuring good contact. Small Fahn
stock clips are also useful. When adjustment is 
completed, remove the clip and solder the con
nection permanently, using the same overall 
lead length. 

Making and Using Baluns 

As its composite name implies, a bi: lun is a 
device\for working between an w1balanccd line 
(coax) and a balanced line or load. It cnn tn'kc 
several forms, some of which also include the 
function of impedance matching along with the 
unbalanced-to-balanced conversion . 

The Antenna Coupler Probably the most 
versatile of baluns, the antenna coupler, Fig. 
8-23, can be made to work from any impcdnnce 
of coaxial line at J1 to any impedance balnnced 
load at / 2• The low-impedance input circuit, 
L 1C1, is series resonant at the operating frequen
cy, and inductively coupled to the balanced cir
cuit, L2C., . T he balanced output, connected to J2, 
is tappecf down on L2 an equal amount from 
each encl. 

Component values in the antenna coupler are 
not critical, and it will handle a wide range of 
impedance combinations merely by adjusting the 
capacitors. C hanging the tap positions on L2 ex
tends the range of impedances still furl'her. The 
values of L 1 and C1 should be roughly those 
that have inductive and capacitive reactance 
equal to the value of the coaxinl line impedance. 
Since the value of capacitance is the more readily 
estimated, it is customary to aim for tliis and 
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Fig. 8·23-Circuil and parts information for the v.h.f. 
antenna couplers. 

C,-100-pf. variable for 50 MC., 50·pf. for 144 Mc. 
(Hammarlund MC.100 and MC-50), 

c ,-35·pf. pcr-seclion split-stator variable, 0.07·inch 
spacing (Hammarlu nd MCD-35SX) . Reduce to 
4 stator and 4 rotor plates in each section in 
144·Mc. coupler for easier tuning; see text. 

J,-Coaxiol fitting, female. 
J,-Two-post terminal assembly (National FWH), or 

crystal socket. 
l 1-50 Mc.: 4 turns No. 18 tinned, l·inch diameter, ~

inch spacing (Ai r-Dux No. 808D inside l ,. 
144 Mc.: 11h turns No. 14 enom., 1 inch diameter, 

'Ai-inch spacing. Sli p over 10 before mounting. 
L.-50 Mc.: 7 turns No. 14 tinned, 1¥2 inch diameter, 

V.. inch spacing (Air Dux No. 1204). Tap 1112 
turns from each end. 

144 Mc.: 5 turns No. 12 tinned, Y:i inch diameter, 
% inch long. Tap 1 Y2 tu rns from each end. 

adjust the size of L1 to resonate with it. Approxi
mate values for the various bands are as follows: 
50 Mc.-65 pf., 144 Mc.-25 pf., 220 l\Ic.-15 
pf., and 420 Mc.-10 pf. A variable capacitor 
used for cl should be chosen so tbat these val
ues can be reached with some to spare. Often a 
fixed capacitor of approximately the above value 
will suffice, adjustment then being made enlirely 
with C.,. 

For adjustment of the coupler an s.w.r. bridge 
should be connevted in the coaxial line between 
the antenna changeover relay and / 1• The two 
capaci tors are then adjusted for zero reflected 
power, as inclicnted on the bridge. If this results 
in unsatisfactory transfer of power from the 
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transmitter, the loading control in the transmitter 
should be readjusted for maxinmm forward pow
er on the bridge meter. Do not adjust the an
tenna coupler for maximum forward power read
ing; always set it for zero reflected. This appHcs 
in any matching adjustment. 

Connected as described, the antennn coupler 
will aid in reception, reducing the strength of 
any out-of-band signals before they reach the 
receiver, where they might otherwise cause over
loading and other spurious responses. The 
coupler .is also an effective filter, attenuating nny 
unwanted frequencie.~ present in the transmitter 
output, before tl1ey reach the antenna. 

The coupler can be connected at any point 
between the transmitter and the antenna where 
the conversion between the unbalanced and hal
anced lines is desired. Because of the need to 
retune the coupler for appreciable frequency ex
cursions, it is usually mounted within easy reach 
of the operating position. If rack-mounted, as 
shown in the 50- and 144-Mc. units of Fig. 8-24, 
they can be included in the trru1smitter assem
bly if it is convenient to do so. 

The couplers are identkal circuit-wise, and 
arc mounted inside a standard 3 by 4 by 17-inch 
chassis. A hottom plate, not shown, is added to 
comple te the shielding. The 50-Mc. coils ore 
made of commercially availahle stock, though 
they can be made by hand if desired. The cou
pling winding, Ll> is inserted inside the tuned 
circuit. The polyethylene strips on which t11e 
coi.ls are wound keep the two coils from making 
electrical contact, so no support other t11nn t11e 
wire leads is needed. 

Leads to L1 are brought out between the turns 
of L..,, and are insulated from them by two sleeves 
of spaghetti, one inside the other. Do not use 
the soft vinyl type of sleeving, as it will melt 
too readily if, through an accident to the an
tenna system, the coil should run hot. Jn the 
144-Mc. coupler the positions of the coils are 

Fig. 8·24- Antenna couplers for 50 and 144 Mc. designed for use with transmitters of up lo 1000 walls input. 
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Fig. 8-25-A balun fo r working from coaxial to bal 
anced line is shown ct A. Impedance at the ba lanced 
end, top, is four limos that of the coaxial line used. 
The loop is an electrica l half wavelength. Its resonant 
frequency may ba chocked with a dip meter as shown 

ot B. 

reversed, with the tuned circuit, L 9 , at the cen
ter, and the co11pling coil outside it: 

Similar tuning capacitors are used in both 
couplers, b11t some of Llie plates are removed 
from the one in the 144-Mc. circuit. Thfa pro
vides c:isicr tuning, though it has little effect on 
the minimum capacitance, and therefore on the 
size of the coil. 

4-to·l Baluns Broad-band baluns of sev
eral tyP<'S arc readi ly constn1cted. Billiar-wound 
coils t•an be used in thr same manner as on 
lower frequencies, hut this method is seldom 
11scJ above 30 Il le. The most common halun for 
v.h.f. service is maclc from an electrical half
wrivclcngth of coax, usually the same type as 
11:;cd for the main transmission line, folded back 
on itself and connected lo the main line and the 
an tenna as shown in Fig. 8-25. This balun pro
vides an impedance step-up of 4 to 1, while 
handling the unhalnnccd-to-balanccd conversion. 

The physical length of the balun loop will 
vary with different types of coaxial lines. With 
solid-dielectric coax the loop will be about 65 
percent of the free-space value for a half wave
length. Less dense insulation such as foamed 
polyethylene may increase this to as much as 80 
percent of the free-space value, so it is well to 
check the loop for resonance. Using the Iengt11 
of leads thnt will he involved in t11e eventual 
connections, short the ends as shown in Fig. 8-
2513, nnd couple the dip meter to one end. 

The coaxial balun is cumbersome for use be
low 50 Mc., nnd it cease.~ to be practical above 
450 Mc. At the lower frequency the loop can 
be rolled into a coil if desired. (See Fig. 9-6.) 

BAl.ANCEO LOAD ____ _,/ ,,_ ___ _ 
,.,- NO CONNECTION 

T 
"'14 

(A) J_ 
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Usually it is lnpcd to the main transmission in 
U shape. It is best to run the balun perpendicu
lar to the load, which wouJd mean dropping it 
vertically from the boom of a horizontal Yagi. 
The main line can then be looped back to the 
boom and taped in place, if this is desirable me
chanically. A permanent position for the balun 
with respect lo its load is particularly important 
at 220 or 420 Ille. The loop for the latter fre
quency is only nbout 8 inches overall , so me
chanical var iations can throw the balance the 
loop .is supposed tn provide quite a hit off. 

Small coax such as IlC-58 or 59 is not rec
ommended for lmluns. Soldering weakens and 
distorts the insulntion, making shorts likely, and 
the small conductors hreak very easily. Losses 
in small-coax hnhms often run prohibitively high. 
RC-8 or similar sizes are much better, if the 
balun is m:1cl1• and 111011nted with cnre, 

The impcdrincc at the end of the balun is 4 
times that of the coax used. A b;i lun with 52-
ohm coax will m:itch a 200-ohm load, and 72-
ohm coax a11d n balun match a 300-ohm load. 

1-to· l Boluns The unbalanced to balanced 
conversion can .1lso be made without an im-
1wcl:1n<.'<' chanJ.?<', 11~ing the balun shown sche
matically in Fig. 8-26A. 1-I<'re a split clipole or 
other bala11c:C'd load is fod directly with coax. 
This would make for unbalance and r.f. Bow on 
the outer conductor of the line, but for the 
detuning sleeve (or bazooka ) that has been 
added to the last quarter-wavelength of the line. 
Being open at the top and shorted to the outer 
conductor at the bottom, tl1is sleeve presents an 
infinite imocclancc lo r.f. at the resonant fre
quency, effectively choking off current flow, 
aml prcvc11t.in ).{ radiation frnm the line. 

A similar effect cnn be achieved with the ba
zoob in .13 , wherein a quarter-wave ]foe section 
shorted at the bottom is form ed by connecting 
an additional piece of coax or tubing as shown. 
This is less effective than the sleeve method how
ever, and is seldom used above the 50-Mc. band. 
It is used occasionally for v.b.f. mobile antennas 
wherein it may he convenient for feeding a split 
driven element directly witJ1 co;u. In this appli
cation the bazoob is usually a piece of small 
coax similnr to the main line. Tnping the two 
pieces together leaves the issue of true electrical 
length somewhat in doubt, and other feed 

(8) 

COA XIA L 
LI NE 

'CONNECT 
TOGETHER 

Fig. 8·26- Two types of boluns, for con
vorsion from a caoxlol line to o bal
oncod lood. The caaxiol sleeve, A, is 
tho preferred type, and it olso con be 
used os o matching device, os described 
in the text. Both serve the same main 
purpose: prevention of current flow on 
tho outer conduder of the eooxiol line. 



Baluns 183 

Fig. 8-27-Cooxiol-sloovo balun for 144 Mc., showing the ports that ma ke up the 
oir-diolectric matching section. 

TABLE 8-IV 
Lengths for the decoupling sleeve, A, and 
copper pipe outer conductor, B, for 144, 220 
and 432 Mc. 

A B 

144 Mc. 19~" 20}fo" 
220 Mc. 12lf" 12~?fo" 
432 Mc. 
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CHARACTERISTIC IMPEDANCE. • Z0 

Fig. 8-28-Characteristic impedance of coaxial match
ing sections for various conductor diameter ratios. The 
outside diameter of the inner conductor and the inside 

diameter of the outer conductor are u1ed. 

methods are generally preferable. 
Impedance-Matching Bnlun Since the sleeve 

assembly of Fig. 8-26A is a quarter-wavelength 
long, it is a simple matter to make it serve 
as a Q section for impedance matching, as 
well as a balun. Examples are the beer-can bal
uns of Fig. 8-27 and 29, made by K6HCP and 
WA6CYD. These arc assemblies to which the 
main coaxial line nm is a ttached by means of 
standard co;lxial fittings. By making the inner 
portion of the balun of the right combination 
of conductor sizes it is made to act as a coaxial 
Q section. Construction of the balun is detailed 
in Fig. 8-29. Lengths of the sleeve and coaxial 
section for 144, 220 and 432 Mc. are given in 
Table8-IV. 

The inner coaxial portion of the bahin can 
be made to continue the line impedance, or trans
form it to other impcdar::ces. If standard wire 
sizes are used for the inner conductor, load im
pedances from 70 to 450 ohms can be matched 
by using 9/16-inch i.d. copper pipe for the outer 
conductor. The matching combinations for vari
ous wire sizes are given in Table 8-V. You can 

TABLE 8-V 
Inner conductor wire sizes to be used with 
o/16-inch i.cl. copper pipe outer conductors, 
for various impcclnnce matching jobs com-
monly encountered in v.h.f. work. The impe-
dance of the main coaxial transmission line, 
Z,,, is given in tlie left column. Next is the 
balanced load, Zn to be matched. 

Z5 , ohms Z,, ohms Wire Size, A. W.C. 

50 72 4 
50 200 10 
50 300 12 
50 450 18 
75 200 12 
75 300 18 
75 450 24 
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Fig. 8·29-The beer-con balun in exploded form. 
Sleeve and outer conductor lengths ore given 

in Tobie 8-IV. The wire inner conductor should 
be approximately 1 inch longer than 8. 

/
C~P~ER P~P~ 

~8 0.0., ~IG 1.0. 

/TEFLON WASHER 

A 

' / - BRASS BOTIOM PLATE 1/1g' BRASS 

B~~~' :0~~~;·.::.·:::::.:·: .. , 
choose your own combinations for various Q
section impedances by using the graph of Fig. 
8-28. Remember, the formula for finding the 
needed Q-section impedance, Z0 , is 

~' 
' ~ N CONNECTOR 

~ ' .r--
'-.:: "-, / 4-40 SCREWS -......: ' r-..... ......... / 

.. .. ..., .... ..., ,..., 
that beer cans work out conveniently. Let's say 
we want to match 50 to 300 ohms, a frequently-

( 3) encountered situation that cannot be handled 

Where z. is the impedance of the main trans
mission line, and Zr is the impedance to bo 
matched. 

The load to be matched can be either bal
anced or unbalanced, but if it is the latter the 
outer sleeve is not needed. The diameter of the 
detuning sleeve is not critical; it just happens 

with n flexible balun. From fonnul a ( 3) we find 
that we need a Q section with an impedance 
of 122 ohms. Fig. 8-28 tells us that a b!a ratio 
of 7.5 is needed. With standard 9/16-inch i.d. 
plumbing copper pipe and a No. 12 wire we can 
take care of this job nicely. Many other usable 
combinations can be worked out, using pipe and 
wire sizes that are readily available. 

FEEDING STACKED AND 
PHASED ARRAYS 

If individual bays of a stacked array are prop
erly designed they will look like noninductivc 
resistors to tl1e phasing system that connects 
them. The impedances involved can thus be 
treated the same as resistances in parallel, if 
the phasin):( lines are a half wavelength or mul
tiple thereof. The latter point is important be
cause the impedance at the end of a transmis
sion line is repeated at every half wavelengtJi 
along it. 

In Fig. 8-30 we have three sets of stacked 
dipoles. Whether these are merely djpoles or 
the driven elements of Yagi bays makes little 
difference for the purpose of these examples. 
Two 300-ohm antennas at A are one wave
length apart, resulting in a feed impedance of 
approximately 150 ohms at the center. (It will 
be slightly less than 150 ohms, because of coup
ling between bays, but we can neglect this for 
practica l purposes.) This value holds regardless 
of the impedance of the phasing line. Thus, we 
can use any convenient type of line for phas
ing, so long as the electrical length is right. 

The velocity factor of the line must be taken 

into account. As with coax, this is subject to so 
much variation that it is well to mnke a reson
:rncc check if tl1ere is any doubt. The method is 
the same as for coax, Fig. 8-25. A half wave
length of line is resonant both open and short
ed, but the shorted condition (both ends) is usu
ally the more readily checked. 

The impedance-transfonning quality of a quar
ter-wavelength of line can be employed in com
bination matching and phas.ing lines, as shown 
in B and C of Fig. 8-30. In B, two bays spaced 
a half-wavelength are phased and matched by 
a 400-ohm line, acting as a double Q section, 
so that a 300-ohm main transmission line is 
matched to two 300-ohm bays. The hvo halves 
of tl1is phasing line could each be 3 or 5 quar
ter-wavelengths long equally well, if these 
lengths serve any useful purpose. An example 
would be the stacl.ing of two Yagis, where the 
desirable spacing is more than one-half wave
length. 

A double Q section of coaxial line is illustrated 
in f ig. 8-30C. This is useful for feeding stacked 
bays which were originally set up for 52-ohm 
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feed. A spacing of ~ wavelength is optimum for 
small Yagis, and this is the equivalent of an 
electrical full wavelength of solid-dielectric coax, 
such as RG-11/ U. lf our phasing line is made one 
quarter-wavelength on one side of the feed and 
three qunrters on the other, one driven element 
should be rt!versed with respect to the other to 
keep the r.f. currents in phase. If the number 
or quarter-wavelengths is the same on either 
side of the feedpoint the two elements should 
be in the same position, not reversed as shown 
in C. 

One marked advantage of conxial phasing 
lines is that tJ1ey can be wrapped around the 
vertical support, taped or grounded to it, or ar
ranged in aoy way tl1at is convenient mechan
ically. The spacing between hays can be set at 
the most desirable value, and the phasing line 
placed anywhere necessary to use up the re
quired electrical length. 

Making adjustments 

Wherever adjustable matchins;: devices are 
used, any really effective adjustment procedure 
must be carried out eitl1er with the antenna in 
th:: position in which it will evenhially be used, 
or under conditions simulating the eventual in
stallation. The thought of making ridjustments 
at the top of a tower is often n bit staggering 
to the buckling big-antenna enthusins t, but for
tunately such a high-wire act is not really neces
sary. There arc right and wrong ways to do the 
job at ground level, however. From preceding 
discussion of the effect of ground on antenna 
impedance it is easy to see tlrnt matching ad
justments made with an array close to ground 
could be quite a bit off when the array is hoisted 
to its eventual resting place 50 feet or more in 
the air. Furtl1ennore, even if there were no im
pednnce change from the effect of ground, ob
jects quite some distance out in front of the ar
ray may reflect enough power back to it so that 
an appreciable reflected-power reading is ob
servc>d from effects other than actual mis
match. The bigger and sharper the array, the 
more troublesome these reflections become. 

300 OHMS 

185 

The solution to this problem is obvious, but 
not too mnny antenna workers seem to think 
of it: aim the beam straight up, with the reflec
tors d ose to ground. If the front-to-bnck ratio 
is 20 db., the nmount of power that will he 
radiated downwnrd with the beam in the straight 
up position is negligible, and so is the effect of 
ground on the antenna impedance. This lazy. 
man approach has been used many times, on 
bands from 144 throu_gh 432 Mc., and on each 
occasion it has resulted in very close to optimum 
matching when the array was finally ins talled 
in ilie tower position. Very much better results 
are possible in this way than with the array's 
line of fire parallel to and near the ground. 

How Important is Matching? 

D ue mainly to ovcr-exposm e to the term, a 
good many hams tend to worship perfect match
ing. To have a l -to-1 s.w.r. is the ultimate 
achievement, for them. But is it so very impor
tant? Not necessarily! It depends on what you're 
going to do. As may be determined from Fig. 
8-31, a 100-foot line of RG-8 coax at 144 
Mc. will have its loss increased by less than 0.5 
decibel with a 2: 1 s.w.r. compared to a perfectly
matched line. If the loading on the transmitter is 
adjusted properly and the line is trimmed for 
length, if necessary, a listener at a distant point 
would not be able to tell the difference. Note 
that this line trimming is to achieve a resonnnt 
condition and proper loading. It does not affect 
the s.w.r.! 

Mismatch is important in some ways, and .it 
can tell )'OU things about your antenna system. 
Make a frequency ruri, measuring s.w.r . at 144, 
144.5, 145, 145.5, 146 and so on. 1f your s.w.r. 
dips to near 1: l at 147 Mc., and is 3: l at 144, 
you need some work on your array. You're 
sure to be getting less than top performance at 
the low end. Dut if 2:1 is as low as you can 
get, and it is around the frequency you work 
most often, you don' t need to worry too much 
if the transmitter loads satisfactorily. 

With high power a high s.w.r. runs you into 
the danger of flash-over of the line, but this 

52 OHMS 

300 OHMS 

fJl ANY IMPEOANCE 
LINE 

400·0HM 720HM 
LINE COAX 

IA >yz ·~>. ,1-
7 

52 OHM 
COAX 

300-0HM 300 OHMS 
(A) LINE .65>-1. 720HM 

l COA X 

300 OHMS (B) (C) 
52 OHMS 

Fig. 8·30- Three methods of feoding stocked v.h.f. arrays. A and B ore for boys having balanced driven 
olements, where a balanced phasing line is desired. Array C hos on a ll-coaxial matching a nd phasing 
sys tom. 
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LINE LOSS IN DB. WHEN MAltllEO 

Fig. 8-31-lncrease In lino loss because of standing 
waves. To determine the total loss in decibels in a line 
having an s.w.r. greater than 1, first determine the 
loss for the particular type of line, length and frequen· 
cy, on the assumption that tho li ne is perfectly matched 
(Table 8-111}. locate 1his point on the horizontal 
axis and move up to the curve corresponding to the 
actual s.w.r. The corresponding value on the vertical 
axis gives the adclitional lou in decibels caused by the 

standing waves. 

doesn't happen very often in v.h.f. circles, nt 
least with any coax worth using. 

Exact matchjng is important in making mens-
11rcments of antenna performance. If you wo11ld 
learn anything from attempted gain measure
ments you have to know exactly how much 
power you're putting into the antenna, or at 
least you have to know that you're using the 
same power every time. Forward-power readings 
with the usual s.w.r. bridge are useless for an
tenna evaluation purposes, unless the system is 
perfectly matched. This means adjusting for zero 
reflected power, every time a comparison or 
measurement is made. 

i\ifuch of the conflicting evidence reported in 
nrticles on antennns over the years has resulted 
from a Jack of understanding of the importance 
of this precaution. Just putting up a field-strength 
meter and then pruning the elements or adjust
ing their spacing for mnximum meter reading 
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may result in your hnving a fairly good antenna, 
but it is a wholly unreliable way to make meas
urements. If you flnd the element lengths and 
spacings recommended in much of the literature 
on antennas confusing, failme to keep the rndj
ntcd power constant, or inability to determine 
it accurately, may well be a t the bottom of most 
of the inconsistencies. 

Using the S.W.R. Bridge 

Coaxial feed is recommended, if only for 
the reason that it permits easy monitoring of 
the matching process. You merely connect a 
standing-wave bridge in the coaxial line and 
adjust the mntehing device for lowest possible 
reflected power. This should be zero, or very 
close to it. All tlrnt is left tl1en to make your 
antenna radinte effectively L~ to adjust the cou
plfog at the transmitter for mnximum forward 
power on the bridge meter. Note that you do 
not adjust the matching device for maximum for
ward power; you ndjust for zero reflected. 

Where tl1e bridge is inserted in the line is 
important. ~1any hnms are happy about their 
antenna systems because a bridge connected in 
the line at the transmitter output shows zero 
reflected power, but they may be in a fool's 
paracuse. If tl1e transmission li11e is long in terms 
of wavelength, and lossy (all coa:dal lines are 
lossy enough to throw us off) the line may, in 
effect, be self-terminating. That is to say you 
can have the world's worst mismatch at the end 
of a 100-foot run of RC-8 Oil 432 Mc. and you'll 
never know it if tl1e bridge is connected at the 
transmitter. Try a direct short on tl1e end of 
your line, or disconnect the antenna entirely, and 
see how Httle d ifference it makes on yor1r line. 
Remember tl1ese arc the ultimate extremes of 
mismatch! The bridge must be coDnected at or 
near the antenna, when makfog matching ad
justments. 

There is no way to adjust an antenna properly 
without a bridge. Repeat-no way! Don't try 
to do without one, for it is probably the most 
important instrument you can own. It need not 
be fancy or "commercial." A very simple unit 
is described itl Chapter 11. Jt works well on 50 
through 450 Mc., and it costs only a few dollars 
to make. I ts meter is connected so that it can be 
used for other transmitter test jobs as well. 

U you have not already done so, get the 
bridge habit. I t will be the best step you've ever 
taken in the v.h.f. antenna field. 



Chapter 9 

Building and Using V.H .F. 
Antennas 

To some extent an antenna is an antenna, 
regardless of frequency. Certain basic princi
ples apply all across the r.f. spectrum, but the 
wavelength factor makes for . a very large d if
ference in practical problems encountered in 
building and erecting antennas, even within the 
v.h.f. range. }.fainly for this reason, the explana
tory material of Chapter 8 may not be enough 
for many v.h.f. enthusiasts who would like to 
try their hands at building their own bc.1ms. 

Arguments in favor of building rather than 
buying are not grently different for antennas 
than for other equipment we need For com
munication, except pcrhups thnt fnbri cuticm of 
antennas may be more within the capabilities of 
the home craftsman than other equipment 
phases of the game. The hardest part of the 
job, the erection of the antenna, has to he done 
by the amateur in any case, so he is more likely 
to go the whole way and build tho skyhook 
himself. Any able-bodied ham with a few sim
ple tools can build and erect his own antennas, 
and usually he will enjoy the work, and learn 
much from it. Very likely ho will stretch his dol
lars somewhat further too, for good antennas 
come rather high these days. 

Material for the construction of arrnys may 
be costly, depending on where you do your 
shopping, but there arc many ways for tho in
genious ham to adnpt inexpensive items to his 
purposes. Serviceable beams have been maclc 
by coating wooden dowels with conducting 
paint, or even by wrnpping them with al11111i
num foil. Neither of these techniques is recom
mended, but they arc examples of what can be 
done in a pinch. Salvage should not be over
looked, if cost~ arc really important. Lumber 
yards; electrical, welding, or plumbing-s11pply 
houses; metal-smelting companies; j11nkyartls 
a11d surplus lots- these arc just a few plnccs in 
addition to the usual c.;hanncls where we may 
come upon metal products tJ1at can be adapted 
to our needs. 

Almost anything that is strong enough can he 
used for booms and supporting frames, whether 
it is insulating or conducting material, :md there 
is no law requiring that clements be ro11n<l in 
cross-section, so long as they arc of a metal that 
is a reasonably good conductor. And though 
electrical rotation systems have become almost 
standard equipment in amateur antenna prnc
tice, there is much to be said for simple ''arm
strong system" rotating devices. 

Rotating provision of some kind is important, 
however. In earlier dnys at least, much of the 
magic ascribed to a ham's first beam was ac
tually the result of its having been the first 

antenna he ever put up high and in the clear, 
and equipped with some form of rotator. Even 
a simple dipole with these attributes is not a 
bad antenna, but the bigger and better a v.b.f. 
army is, tbe more it needs a rotator and some 
means of telling where t11e antenna is actually 
hc.1ded. If these requirement~ can be handled 
adequately by pulling on ropes and looking out 
lhc window, t11en there is no reason to be 
asb:imed of doing it that way. 

Because the band for which they are de
signed makes such a dilference in the size and 
structural deta ils of v.h.f. antennas, our practi
cal conslrnctional information is given by bands. 
lt should be stressed that the following are 

TABLE 9-I 
Dimensions for V .H.F. Arrays in Inches 

Freq. (Mc.) 0 50° 144° 220° 432° 

Driven Element 111 38% 25~6 13 

Change per Mc. 0 2 " ,., j~ %2 
Reflector 116Jf 40Jf 26% 13lf 

1st Director 105~ 361' 2416 121%2 

2nd Director 103l~ 36% 24 12%2 

3rd Director 10rn 36}$ 23;~ 12Y.!2 

1.0 Wavelength 236 srn 53% 211:. 

0.625 \.\lavelength 149 51 33Jf 17 

0.5 Wavelength 118 40% 261%a 1318 

0.25 Wavelength 59 2or. 13J$ 61%6 
0.2 Wavelength 47~ 16)~ 10% 5}15 

0.15 Wavelength 35Jf 12J.: 8 4 
0 Dimensions are for the most-used section 

of each band: 50 to 50.6 }.le., 144 to 145.5 
~le., 220 to 222 ~le. , and 432 to 434 ~le. The 
element lenJ.!lhs should be adjusted for each 
megacycle difference in frequency by the 
;1mount given in the third line of the table. 
Example: if optimum performance is wanted 
much above 145 Mc., shorten all elements by 
about J.: inch. F'or above 146 Mc., shorten by 
J4 inch. See text. 

Element spacings are not critical, and 
table figures may be used, regardless of ele
ment lengths chosen. Parasitic element 
lengths are optimum for collinear arrays and 
small Yagis, having 0.2-wavelength spacing. 
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examples; they by no means cover the range of 
possibilities. Nor should it be inferred that, be
cause a particular antenna is shown for only one 
band, it cannot be used, ill princ iple at least, 
for others. These arc ideas, to be adapted as 
the reader may sec flt. The true ham wiJI "take 
it from there." 

To aid those who like to work strictly on tJ1eir 
own, as far as materials and mechanical con
struction are concerned, Table 9-[ gives the 
principal dimensions needed in bnilding anten
nas for 50 through 450 Mc. Note that the most
used portion of each band is used for this in
formation. Linc 2 of the table is a change factor 

ANTENNAS FOR 50 MC. 

Nearly everyone, at one time or another, hns 
need for something simple and/ or inexpensive 
for an antenna. This means a hnlf-wavc dipole 
of some sort, ordinnrily. It cnn be any of the 
arrangements described in Chnptcr 8, so we will 
consider here only those that nrc most common
ly employed in 50-Mc. work. 

The Folded Dipole 

Probably the most universally useful 50-~ l c. 
dipole, all things considered, is the folded vari
ety. lt is broad in freauency response and not 
critical as to construction or adjustment. It cnn 
be made of a wide range of conductor sizes ill'l<l 

materials, and it is ndnptable to various mount
ing arrangements. It can be fed directly with 
300-ohm balanced line (Twin-Lead or opcn
wire) or coax and a balun. 

A folded dipole cnn be suspended from rope 
or wires or supported oo a mast, depending on 
how tJ10 element is made. The center of the 
element can •be grounded for lightning protec
tion, or left Boating electrically. The dipole of 
Fig. 9-lA can be made entirely of Twin-Lend, 
ready-made open-wire line, or of any wire you 

I 110· 
_L 6 rowui here J 

;I;,.. .-----~ 

JOO·olun luU! 
~Wtgtft 

(A) 

300-olu1r lute. 
rv!.fl wrgtk ( B ) 

Fig. 9-1-Folded dipoles for 50 Mc. Eit~er moy be fed 
with 300-ohm li ne, or 72-ohm coox ond a bolun. 
Dipole A is made af wi re or Twin-load; dipole B of 
any convenient size tubing. Either can be grounded ot 
the center of unbrokon portion, 
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to be applied to table element lengths when 
other parts of a band are to be emphasized. Only 
element lengths are ordinarily this critical. Ele
ment spacings and phasing-line lengtl1s can be 
left as given. 

In the practicaJ construction examples the di
mensions of tl1e original are given. Where tile 
array is one that will be highly frequency-sensi
tive, as in a long Yagi, the portion of the band 
where the antenna works best is stated. The 
change factor of Table 9-I can be applied if some 
other band segment is to be favored. When in 
doubt, check back ilirough Chapter 8, for basic 
information. 

may have on hand. \Vhen made of Twin-Lead, 
it is occasionally tacked or taped to a wall, when 
a temporary and unobtrusive antenna is the 
principal requirement. 

\ Vherc it is to be mounted on a support such 
as a rotating mast, the dipole of 9-lB is prefera
ble. The conductor size is not critical, except 
that hoth the broken and unbroken halves 
should be the same size. The unbroken portion 
can be a ttached to or nm through a metal pipe 
or tubing support, in which case only a small 
cross-arm, or pcrhnps none at all, will be need
ed. The wire dipole, A, can be supported on a 
wooden "T", using vinyl-insulated screw eyes 
of the type sold for TV installations. T he inner 
ends of tl1e broken portion of either dipole, 
where the feed line connects, should be in
sulated from the support. The upper and lower 
parts of dipole B arc connected at the outer 
ends hy means of metal pillars or sleeves. If the 
tubing is sufficiently Aexible it can be bent 
around as in dipole A, but this is usuatly done 
only in dipoles for tJle higher bands, where 
small conductors arc stiff enough to be self
supporting. 

Tho feed line can be Twin-Lead or open
wire. IF the latter, tJ1c half-inch-spaced type is 
preferable to tlie !-inch, as it is closer to 300 
ohms impedance. Coax and a balun can also be 
used. If this is done, 72-obm coax will give a 
better match than 52-ohm, though even with the 
latter, the s.w.r. will not be more than about 
1.5 to 1, which is not serious. 

The "J" Antenna
1 

Center-fed systems like the folded dipole are 
well adapted to horizontal polarization, but the 
need for running the feed line perpendicular to 
the dipole for some distance makes tliem cum
bersome for most vertical applications. The "J" 
system of Fig. 9-2 is more useful for vertical 
polarization. This is a vertical dipole with ilie 
matching arrangement at the bottom end, for 
convenience. It mny be fed in various ways. 

Antenna A has a balanced-line feed. This 
can be any inipcdance, as the point of conuec-
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tion is moved along the stub portion until a 
match is achieved. Antenna B is fed at the bot
tom end with coaxial line. This is a good ap
proximation, if the antenna is to be erected and 
used without attention to matching. Though it 
may not be a perfect match, it will be close 
enough for practical puTJ.)OSes. Antenna C is for 
use where adjustment for match is desired. As 
in A, the coa.-.;ial line and balun are moved 
along the stub until an s.w.r. bridge in the line 
shows zero reflected power. The bottom end of 
the system can be grounded for lightning pro
tection in either A or C. In B, the bottom of the 
stub portion can be grounded. 

T 
110" 

l -j •"Approx. 

(A) (B) T (C) 
59• 

l 
A-uf.~ witlt 

Fig. 9-2-Three versions of the "J" antenna, with di· 
mensions for 50-Mc. operation. Grounding for lightning 
protection may be done as indicated by the ground 
symbol. 

The basic idea of the "J" is that the stub 
should not radiate, but in actual practice it 
docs, to some extent. This radia tion interferes 
with that from the main portion of the antenna, 
and may result in raising the effective radia
tion angle. For this reason other matching meth
ods are preferable, though the "J" has the vir
tue of simplicity. It is occasionally used as the 
driven clement about which parasitic elements 
are rotated in a simple vertical Yagi. Except in 
B, it is preferable to run the feed line as nearly 
perpendicular .to the stub as possible, for ut least 
a quarter wavelength. 

Coaxial and Ground-Plane Antennas 

Particularly where the supporting structure is 
metal, the coaxial antenna, Fig. 9-3, and the 
ground-plane, Fig. 9-4, are superior to the "J" 
for omnidirectional vertical use. Both are in
tended primarily for coaxial feed, and the line 
can be run up inside the pipe mast, if one is 
used. The upper element is, in effect, an exten
sion of the inner conductor of the coax. The 
nidials of the ground-plane and the skirt or 
lower element of the coaxial are connected to 
the outer conductor, and to the support, if de
sired. The skirt of the coaxial antenna should 
be so connected only at the top; the rest of it 
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must be insulated from the coax and the sup
port. Element and skirt lengths are not critical 
in the coaxial antenna. About 54 inches should 
be suitable for work across the whole 50-Mc. 
band. 

The ground-plane is perhaps the best nll
purpose vertical antenna for corodal feed. As the 
name implies, the horizontal radials simulate 
ground; consequently the impedance of the an
tenna is little affected by variation in height 
above actual ground and the nature of the sup
porting structure. 

A simple und often-used version would be as 
shown schematically in Fig. 9-4A, except fed 
entirely with 52-ohm coax, without a matching 
section. The feed impedance of a ground-plane 
is low; of the order of 30 ohms, so there will be 
some mismatch when it is fed with 52-ohrn line. 
The s.w.r. is under 2 to l, however, and per
formance should be satisfactory. 

Matching can be achieved in several ways. A 
simple method is shown at A, but it requires 
that the main line be 72-ohm coax. The qunrter
wave Q section of 52-ohm line makes an almost 
perfect match, and it can be connecte'd very 
simply. The lower end of the Q section and the 
upper end of the main line can be fitted with 
coaxial connectors, and a coaxial junction used 
between them. The lcngll1 of 38 inches for tl1e 
matching section is for solid-dielectric coax witl1 
a velocity factor of 0.65. Foam and other low
clensity insulaton will make the matching sec
tion longer. Means for checking resonant lengths 
are outlined in Chapter 8. See Fig. 8-25. 

Another method for matching with 52-ohm 
line is to shorten the radiating element slightly, 
and then tune out the reactance so introduced 
by connecting a closed-end stub in parallel with 
the antenna. If tl1c antenna assembly includes 
a coaxial T fitting nt the base of the driven ele
ment, the stub can be connected at will, and 

Radia.ioc 
54" 

Skirt 
54" 

Fig. 9-3- Cooxial vertical antenna for 50 Mc. A sup· 
porting pipe mast can run up inside the $1cirt portion. 

\ 
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I 

(8) (C) 

fig. 9-4-The ground-piano a ntenna , shown with Q matchi ng section, A. One method of making the a n· 
ten na , with a metal moun ti ng bracket a nd cera mic insulator is •hown at B. Radials, omitted from 8 in the 
interest of clarity, are shown a ttached to the metal mounting bracket in C. 

trimmed for length until a perfect match is 
achieved. With a 53-inch radiator the sh1b 
should be about 21 inches, if made with 52-ohm 
coax, but it is well to star t with one somewhat 
longer and trim for match. Remember to short 
the far end of the sll.1b ciH.:h time a check is 
made . 

Another matching trick with the ground
planc is to d roop the radials downward, adjust
ing their angle below the horizontal until the 
antenna feed impeda nce becomes 52 ohms. 
T his usually occurs at abou t a 45-dcgrce :mglc. 
The antenna ceases to be a true ground-plane 
under these circumstances, but the method is 
ofte n a satisfactory compromise. T here will be 
some radiation from the rndials in the drooping 
position, but this is not necessarily bad. !\'fixed 
polarization could be a "mixed blessing" under 
some propagation conditions. 

Ground-planes can he macle in many wnys. 
One is shown in Fig. 9-413. The vertical radiator 
is J.:-inch rod , threaded at the bottom end, held 
in the top of a ceramic ~t:rndoff insulator with 
nuts above and below the top of the cone. Be
fore the insulator is bolted to the angle bracket 
that serves as a mounlin t?, a wire or flexible 
strip of copper is fastened under the nut. It is 
left long enough so that ii cnn be soldered to the 
coaxial fi tting mounted on the angle bracket, 
before the insulator is bolted in place. 

Radials are omitted from B in the interest of 
clarity. They can be fastened to the angle 
bracket, as shown in 9-4C. The angle bracket 
ca n be fastened to any vcrticnl suppor t, of wood 
or metal. A metal support preferably should be 
g rounded independently of the outer conductor 
of the coax, for lightning protection. 

Omnidirectional Horizontals 

Often it is desirable tn mainta in uniform 
Aeld strength in all dircct"i()ns about the station 
when horizontal polarization is used. In 50-Mc. 
work th is is usually accomplished with some 
version of the h <ilo antenna. Basically, the halo 
is a hall-wave dipole, bent around into a circle 

or some other shape that will give it fairly uni
form radiation in the horizontal plane. Any of 
the common matching systems described in 
Chap ter 8 can be used with the halo. 

Where the halo is usc•cl for 50-Mc. mobile 
work the total length of the ring is uSU<tlly re
duced by capacitive Ionclin):( between the ends, 
as shown in Fig. 9-5. The circumference of the 
rin)! so fom1ed is usually 60 to 70 inches. 

The f?a mma matching system is convenient 
for mobile halos, as it permits matching to 
coaxial line and the use of an unbroken driven 
element. T he step-up type of folded dipole is 
also used in halos, though the mechanical work 
involvt•d has limited this typr of feed mainly to 
manufactured antennas. A three-ring model of 
this kind has long been a fixture on the 6-metcr 
mob ile scene. 

The capacitively loaded halo is a h igh-Q de
vice, and it must be tuned with care or it will 
be nil but useless. Usunllv some provision is 
made for varying the end-to-end capacitance, 
C 1• If a gamma matching system is used, the 
series capacitor, C.,, and point of connection 
of the gamma ami to tho element should be 
mnde variable, at least temporarily. Adjust these 
and the tuning capacitor, C (• for minimum re
Accted power in an s.w.r. brid s.re connected in 
the trnnsmission line. This is made easier if the 
element is Arst resonated roughly at the middle 
of the d esired operating range with C 1, checking 
resonance with a grid-dip meter. Tho best 
point fo r coupling the dip-meter coil is near the 
feed point, just to the left of the coaxial line 
ground point in Fig. 9-5 . Vnriation of the ef
foc tive capacitance of C 1 is usually clone by 
mounting a small disk on an adjusting screw, 
equipped with lock nuts, lo one of the plates, 
nnd then adjusting its position with respect to 
the other p l-a.te. 

Halos cnn be stacked one nhove the other in 
a vert ical line, to lower radiation ;mgle and 
build 11 p gain. This i.~ done occasionally for S.xcd 
stations where omnidirectional coverage and 
something better than a single halo are re-

I 
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quired. /\ latching and feeding can be done in 
the same ways as with any two 50-ohm an
tennas. See Chapter 8, and below. The opti
mum spacing for stacked halos is l~ to ~• wave
length. 

Two 50-Mc. halos adjusted individually for 
50-ohm feed can be stacked physically % wave
length apart by connecting them with half. 
wave ( 77-inch) sections of 52-ohm coax, with a 
T fitting. A 38-inch 52-ohm Q section at this 
point will then match a 72-ohm transmission 
line. Specific halo designs follow in the mobile 
section, later in this chapter. For more stacldng 
details see Fig. 9-46. 

The lumslile antenna, shown for 144-Mc. 11so 
u1 Fig. 9-47, can be adapted readily to 50-Mc. 
service. lt is larger physically than the halo, 
and it should provide slightly more gain and 
considerably broader frequency response. A 

Fig. 9-5-The halo an
tenna is o half-wove 
radiator bent into cir· 
culor shape for nearly 
uniform radiation pal· 
tern. Capacity plates, 
C1, permit use of a 
small radiator for 50 
Mc. Gamma match 
and series ca pacitor, 
C:, are for coaxiol 

feed. 
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stacked turnstile system makes a very good 
omnidirectional antenna for home-station use. 
Stacldng methods similar to those outlined for 
halos and other coax-fed antennas can be em
ployed with turnstiles. 

YAGI ARRAYS FOR 50 MC. 

The Yagi antenna is almost ideally suited to 
50-1\ilc. operation. Usunlly only a relntive)y small 
portion of the band is covered so t·he Yagi's 
limited frequency response presents no prob
lems, and arrays having gains of up to 10 db. 
are easily built and erected. Except under the 
most severe weather conditions, rotation of 50-
l'vlc. Yagis of up to at least 6 elements can be 
handled with inexpensive TV-type rotators, 
provided means are taken to prevent the entire 
weight of the strncture from benring on the 
rotator driving mechanism. Some rotators have 
thrust bcari ngs available as accessories, for this 
purpose. 

3·Element Lightweight Array 

The 3-element 50-~lc. array of Fig. 9-6 
weighs only 5 pounds. It uses the closest spac
ing that is practical for v.h.f. applications, in 
order to make an antenna that could be used 

individually or stacked in pairs without requir
ing a cumbersome support. The elements are 
half-inch aluminum tubing of !Ao-inch wall 
thickness, attached to the l~-inch dural boom 
with aluminum castings. The mounting method 
of Fig. 9-16 is also usable. By limiting the ele
ment S"acing to 0. 15 wavelength, the boom is 
only 6 feet long. Two booms for a stacked array 
can thus be cut from n single 12-foot length of 
tubing. 

The folded -dipole driven element has No: 12 
wire for the fed portion. The wire is mounted 
ou %-inch cone standoff insulators and joined to 
the outer ends of the main portion by means of 
metal pillars and 9h screws and nuts. When 
the two halves are pulled up tightly and 
wrapped around the screws, solder should be 
sweated over the nuts nnd screw ends to seal 
the whole 11gainst weather corrosion. The same 
treatment should be i1sed at each standoff. 
i\ lount a soldering Ing on the cernmic cone and 

wrnp the end of the lug around the 
wire and solder the whole assembly to
gether. These joints and other portions 
of the array may be sprayed with clear 
lncquer as an additional protection. 

Fig. 9·6-A lightweight 3-element 50-Mc:. 
array. Feeder is 52·ohm coax, with a balun 
for connection lo the folded dipole driven 
element. Balun loop may be coiled as 
shown, or taped to the supporting pole. 
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1. 

Fig. 9-7-Dimensions of the 3-element a rray of Fig. 
9·6, for working in the lower portion of the SQ.Mc. 
band. Driven elements a re ~inch a luminum tubing. 
The folded dipole d rive n element uses No. 12 wire 
for the fed portion. 

The inner ends of the fed section nre rn 
inches npart. Slip the dipole into its uluminum 
casting, and then drill through both clement 
and casting with a No. 36 drill, and tap with 
%:? thread. Suitable inserts for mounting the 
standoffs can be made by cutting the heads off 
%:! screws. Taper the cut end of the screw 
slightly with a file and it will screw into the 
standoff readily. 

Cut the element according to f ig. 9-7 
for operation in the first megacycle of lhc band. 
Shorten all elements by 2 inches for euch higher 
megacycle. The reflector and director are ap
proximately 4 per cent longer and shorter, re
spectively, than the driven element. The closer 
spacing of the parasitic elements ( 0.15 wave
length) makes this deviation from the usual 5 
per cent desirable. 

The folded dipole gives the single 3-element 
array a feed impedance of about 200 ohms at 
its resonant frequency. Thus it may be fed with 
a balun of the type shown in Fig. 8-25, using 
52-ohm coax. A gamma-matched dipole may 
also be used, suggested constrnction being as 
shown in Fig. 9-9. If the gamma match and 
72-ohm coax are used, a balun wiJI convert to 
300-ohm balanced feed, and Twin-Lead or 
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300-ohm open-wire TV line may be used for 
the main transmission line. The dimensions of 
Fig. 9-7 arc for optimum performance at 50.5 
Mc. The array will show good performance and 
a fairly low standing-wave ratio over the range 
from 50 to 51.5 Mc. 

A closeup of a mounting method for this or 
any other array using a round boom is shown in 
Fig. 9-8. Four TV-type U bolts clamp the hori
zontal and veritcal members together. The 
metal plate is about 6 inches square. If Jl-inch 
sheet aluminum is available it may be used 
alone, though the photograph shows a sheet of 
tl6"inch stock backed up by a piece of wood of 
the same size for stiffening. Tempered Masonite 

Fig. 9-9-Typical gamma match const ruction. The vario
ble capacitor in series with the motching arm should 
be mounted In on inverted plastic cup, or otherwise 
protected against moisture. The arm should be about 
14 inches long for 50 Mc., 6 inches for 144 Mc. 

is preferable to wood, as it will stand up better 
in weather, particularly if lacquer is sprayed on 
all surfaces. 

High-Performance 4-Element Array 

The 4-clcmcnt array of Fig. 9-10 was de
signed for maximum fonvard gain, and for di
rect feed with 300-ohm balanced transmission 
line. The parasitic elements may be any diame
ter from J: to l inch, but the driven element 
should be made as shown in the sketch. For a 
~-inch driven clement use the infomrntion for 
the antenna of Fig. 9-6. The spacing between 

Fig . 9·8- Closcup view of the boom mount
ing for 50-Mc. arrays. A plate of olumiunm 
about 6 inches square is bocked up by 
wood or Masonite. TV-type U clomps hold 
the boom and vertical support together ot 
right angles. At the left of the mounting 
assembly is one of the aluminum costings 
for mounting the beam elements. 
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Fig. 9-10- Dimensions of a 4-element 50·Mc. array 
hoving moximum forword gain ot 50.5 Mc. The folded 
dipole detoils ore for 300-ohm bolonced feed. 

driven element and reflector, an<l between 
driven element and first director, is 0.2 wave
length. Between the first and second directors 
the spacing is 0.25 wavelength. 

The same general arrangement may be used 
for a 3-elernent array, except that the solid por
tion of the dipole should be %-inch tubing in
stead of 1-inch. The boom length would then 
be about 8 feet. 

With the element lengths given, the array 
wi!J give nearly uniform response From 50 to 
51.5 Mc., and usable gain to about 52 Mc. 

If n shorter boom is desired, the reflector 
spacing can be reduced to 0.15 wavelength and 
beth directors spaced 0.2 wnvelength, with only 
a slight reduction in forwnrd gain and band
width. A slight modification for mounting on a 
12-foot wooden boom is shown in Fig. 9-11. 
Also included is a method of attaching the 
b0om to a pipe support. 

,, 
11 Booni •: 

Fig. 9-11 - Suggested construction for on inexpensive 
4-elcment array for 50 Mc. using a wooden boom. Di
mensions are a slight modification of the optimum 
given in Fig. 9-10, to fit a 12-foot boom. Mounting 
arrangement is for damping to a pipe mast. 

5-Element 50-Mc. Array 

A$ aluminum or dural tubing is often wlcl in 
12-foot lengths, this dimension may impose a 
pn1ctical limitation on the construction of a 
50-Mc. beam. A 5-element array that makes 
optimum use of a 12-foot boom may be built 
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according to Fig. 9-12. If the aluminum-clamp 
method of mou.nting elements shown in Fig. 
9-16 is employed, the weight of a 5-element 
beam can be held to under 10 pounds. 

The gamma match and coaxial line are rec
ommended for feeding such an array. A folded 
dipole similar to that used in the 3-element ar
ray will provide an appro:drnate match to 52-
ohm coax and a balun, but the gamma system 
is preferable, as it permits adjustment for exact 
match at the favored frequency range. 

Gain aod bandwidth of this compromise de
sign arc both slightly below optimum, but it 
represents effective use of a 12-foot boom. It 
wi!J have a bit more gain than a 12-foot 4-ele
ment array, but will be somewhat more critical 
in frequency response. 

REF. D.E. 
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Fig. 9-12-Five-element 50-Mc. Yagi for a 12-foot 
boom. Dimensions are for working over the lower 2 
megacycles of the 50·Mc. band. 

Long Yagis for 50 Mc. 

Once we go beyond 12-foot booms we be
come concerned mainly with getting the best 
possible performance. Graduated element spac
ing, discussed in Chapter 8, is gene.rally em
ployed, and boom lengths become considerable 
for 50-Mc. arrays. Yagis of 6 elements or more 
can still be light in weight and relatively easy 
to handle, however, if we design with these 
points in mind. 

The· 6-element arrays of Figs. 9-13 and 9-20 
are examples. The 20-foot boom can be made of 
light aluminum TV masting. This comes in 10-
foot lengths which te lescope one inside the other 
for about 6 inches. The joint can be held firm 
with self-tapping screws. Any light boom more 
than about 12 feet long should be braced to keep 
it in alignment, preferably from above the 
boom, as shown in Figs. 9-1.3 and 9-16. 

Dimensions in Fig. 9-14 are for operation in 
the first megacycle of the band. Set up in this 
way, t11e array can be adjus ted for perfect 
match at 50.3 and it will show an s.w.r. under 
1.7 to l from 50 to 50.6 Mc. Slightly more 
bandwidt11 can be achieved by making the di
rectors one-hRlf inch shorter than shown. Addi
tional directors should be spaced 70 inches 
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Fig. 9-13- A 6-element Yagi for 50 Mc., with optimum 
spacing for forward gain given in Fig. 9-14. Boom is 
20 feet long. Antenna at the top is 16-element all· 
metal collinear array for 144 Mc. 

apart. They may be similar to D4, or each one 
inch shorter for greater bandwidth. 

Elements are mounted in the same way as 
for the 3-element job, using aluminum castings 
or sheet-metal clamps. The center support is the 
same as in Fig. 9-8. Elements can be nm through 
the boom and clamped, as shown in Fig. 9-16, 
but the aluminum-casting method of mounting 
is stronger. If suitable castings can be found, 
they are recommended for light boom materials. 
i\ilatching is by means of a coaxiaJ gamma ar
rangement shown in Fig. 9-15. Once adjustment 
is completed the open end of the gamma arm 
can be wrapped with plastic tape, and it and 
the joint between the sliding and stationary 
parts of the gamma capacitor sprayed with clear 
lacquer. If anyone doubts the ability of this 
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arrangement to withstand weather, the original 
was used for over seven years, and was working 
nicely when replaced by tl1at in Fig. 9-20. 

The main gamma arm is cut from the same 
material as the elements. It is suspended paral
lel to the driven element by means of two I-inch 
ceramic standoffs and 4 sheet aluminum clips, 
as shown in the photograph. The lf-inch tube 
is 15 inches long. Its inner end is connected to 
the inner conductor of a coaxial fltting, which 
is mounted on n small bracket screwed to the 
boom casting. Holes are drilJed and tapped in 
the casting to take two %:? machine screws for 
mounting tl1c bracket. 

The sliding arm tha t is the movable element 
of the coaxial capacitor is made of Yi-inch tub
ing or rod, about 14 inches long. It is main
tained coaxial with the main arm by means of 
two polystyrene bt1shings. One is force-fitted to 
the end of the rod tlrnt goes inside the main 
arm. The other is fitted tightly into the for end 
of the main arm, but reamed out to pem1it tl1e 
movable rod to slide freely in and out. These 
bushings can be made from ~-inch polystyrene 
rod, or they can be fashioned easily from small 
polystyrene coil forms . The National PRC-1 
form is ideal for the purpose. It fits tightly over 
the J:.-inch rod and slides freely inside the if. 
inch a rm. The bearing at the end of the ann 
where the adjusting rod projects was made by 
cutting the bottom off one of the PRC-1. forms 
and drilling out the inside so that it would pass 
the rod freely. It is shimmed up with plastic 
tape to a sufficient thickness to make it a tight 
fit inside tl1c main arm. It is slipped over the 
rod and then pressed into place in the end of 
the am1. 

A clip of sheet aluminum makes contact be
tween the driven element and the sliding rod. 
Be sure that all surfaces at the points of contact 
arc completely clean, as solid low-resistance 
electrical contact is of utmost importance here. 

Proper ad justment of the gamma match re
quires an s.w.r. bridge. If t11e work cannot be 
clont~ with the beam in the position in which it is 
to operate, set it up temporarily with the boom 
vertical and the reflector close to the ground. 
Insert the bridge in the line near or at the an
temia. If more tlinn a few watts of power is 
present in the line, adjustment of the gamma 
will best be done with gloves on the hands, to 
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Fig. 9-14- Dimensians of the 6-ele
ment 50-Mc. array. If the boom 
length is limited to exactly 20 feet, 
reduce spacing of 0 3 and D, by 2 
inches each. Dimensions are for th" 
low megacycle of the band. 



50 Mc. Yagis 

prevent r.f. bums. The operation is twofold; 
both the point of connection and the value of 
the series capacitor must be adjusted. Start with 
the clip set about 16 inches out from tho boom, 
with enough tension on the clip to insure a good 
electrical connection. Adjust the capacitance 
and the point of connection for zero reflected 
power at the midpoint of tl1e frequency range 
you want to work over effectively. If you are 
interested only in the first 600 kc. or so of the 
band, use 50.3 for the adjusbnent frequency. 
For good coverage of 50 to 51 Mc., use 50.5. In 
the latter case, the s.w.r. should be below 2 to 
1 over the ! -megacycle range. 

Fig. 9-16-Method of mounting elements through a 
metal boom, left, and of bracing the boom to the 
vorticol support, right. Suspension bracing is recom· 
mended for long booms. Shorter ones can be braced 
bolow the boom. A one-p iece> wrap-around clamp on 
tho boom takes the angle b race. 

Stacking 50-Mc. Yagis 

Lowering of the radiation angle effected by 
stacking two 50-Mc. Yagis one nbove the other 
can result in quite marked improvement in sig
nal level, particularly on long paths. The gain 
is achieved without appreciable sharpening of 
either frequency response or horizontal pattern. 
The snme gain obtained tluough adding cle
ments in a single bay makes for n sharper hori
zontal pattern and some sncriflce in bandwidth. 
Choice between the two methods thus becomes 
n matter of deterrninin;,: what kind of work one 
wishes to do best. Local activity levels and dis
tribution may have some bearing on the deci
sion. 

3-0ver-3 The bays of the 3-over-3 of Fig. 
9-17 nre Hkc tlie array of Fig. 9-6. Spacing is 
~· wavelength, or about 12 feet. This is conveni
ent (sec Figs. 8-30C and 9-18) since it allows 
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Fig. 9-15- Gamma matching section 
for tho 6-olement a rray, using a co· 
axial variab le capacitor. The shoot 
alumi num clip a t the right and the 
length of the small rod protruding 
from tho orm are ad justed for mini· 
mum reflected power. The movable 
rod element of the capacitor is about 
14 inthos long, and is insulated from 
the fixed portion, of \.2-inch tubing. 

use of an electrical one-wavelength of coax for 
phasing. This can be handled in several ways. 
In Fig. 9-18A the main lino is to be 52-ohrn 
coax. This is matched to the two 52-ohm bays 
by ~ -wave and ~I-wave Q sections of 72-ohm 
coax, w:ith baluns of the same material. Note 
tl1at with tliis olT-ccntcr food tl1e driven ele
ments are connected in opposite polai:ity. 

Fig. 9-17-Stacked array for 50 Mc., using two bays 
li ke Fig. 9-6. Phasing lino ond rota ta ble section of tho 
main tra nsmission lino ore of coax. Various methods 
of feed are described in tho text. 
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Fig. 9-18-Two methods of feeding stocked Yogis designed for cocxiol food. OH-center method, A, ro· 
quires that the beys bo connected in opposite polarity, lo keep currents in phase. Feeding ct center, B, 
allows both driven elomcnts to be connected in tho some manner. Method A is for 52-ohm main feed, 8 for 
72-ohm. Sections in A con be any odd multiple of o quarter wavelength; in B any of o half wavelength. 

The arrangement at B uses two half-wave 
sections of 52-ohm coax and baluns, with the 
T fittings at the midpoint. A Q section of 52-
ohm line is then used to match the low center 
impedance to a main line of 72-ohm coax. A 
slight mismatch is involved here, but it is not 
enough to affect opcralion of the system to any 
pracNcal degree. 

In the original version a one-wavelength sec
tion of coax terminated in a balun at the low 
end was used as the rotating portion of the feed 
line with the phasing as in Fig. 9-18B. The bal
un then worked into a balanced Q section made 

...>. 

Fig. 9-19-A 4-over-4 stocked 50·Mc. orroy using o 
bolanced phasing line. Matching i• similar lo fig. 
8-308, in which the pho1ing line operotes os a double 
Q section, matching a 300-ohm main line to two phased 
300-ohm boys. Antenna between is a 12-element 144-
Mc. coll inear of all-molal construction. 

of ~-inch tubing 59 inches long, spaced % incll 
center-to-center, and then into 450-ohm open
wire line for the main run to the station. 

4-0uer-4 Two 50-Mc. arrays designed for 
300-ohm feed can be stacked conveniently n 
half wavelength apnrt. This does not give quite 
the gain obtainable with wider spacings, but tho 
pattern is very cle:m and the feed system is 
simple. The balanced phasing line between the 
two bays should have an impedance of about 
400 ohms, if the main line run is to be 300. Two 
No. 12 wires spaced one inch, or half-inch
spaced TV line, may be used. In Fig. 9-19, a 
300-ohm main line ol: tubular Twin-Lead was 
connected at the midpoint of the phasing line. 
The transmission line could also be 72-ohm 
coax and a balun. If 52-ohm coax is to be used 
with a balun, the phasing line should, theo
retically at least, hnvc slightly closer spacing, 
to give an impedance of about 330 oluns. In 
practice, ~-inch-spaced TV line will come close 
enough to prodding an adequate match. 

The 4-elcment bays that make up the array 
of F ig. 9-19 are similar to Fig. 9-10, except that 
both directors arc spaced 0.2 wavelength ( 46 
inches) and the reflector 0.15 wavelength ( 36 
inches) . Booms can be either metal or wood. 
This array was used very successfully for sev
eral years of intensive 50-Mc. DX work. 

144-0ver-50 Stacking of arrays for 50 and 
144 ~ l e., and a method of using a single low-loss 
transmission line, arc illustrated in the two-band 
system of Fig. 9-20. The 4-bay 144-}.fc. array 
will be described in the next section. Tho 6-
element 50-Mc. Yagi is very similar to the one 
already described, except for the simplified 
gamma matching system and special a ttention to 
lightweight element design. 

The 50-Mc. elements have center sections of 
half-inch aluminum lubing makfog up :ibout 
half their total length. Thin-walled fuel-line 
tubing inserts in each end keep the total element 
weight down, and provide a means of adjust
ment of lengtll , if the builder wishes to experi
ment with tuning. The entire element can be 
made of the heavier tubing, though the arrange
ment described is lighter, and has a bit lower 
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Fig. 9-20- All metal arrays far 50 ond 144 Mc. All ports 
of both booms con be assembled readi ly with ordinary 
hand tools. In this installation the two beams ore fed 
from a sing le feed line, wlt h a waterproofed coaxial 
switch at the top of the tower permitting selection of the 

desired a rray from tho opera ting position. 

wind resistance. Some shopping around in sur
plus houses, aluminum smelling places and hard
ware and plumbing supply stores, as well as the 
usual aluminum tubing sources, will tum up 
several tubing size combinations that can be 
used in this way. The ends of the larger tubing 
can be slitted with a hacksaw to a depth of about 
three inches, and then tightened onto the small
er material with a wrap-around clamp. The ele
ments arc clamped to the boom as pictured in 
Fig. 9-21. Details of clamps used in the 50- and 
144-Mc. arrays are given in Fig. 9-22. 

1\!etal castings for mounting elements are fine 
if available, but they are getting hard to find. 
The sheet aluminum clamps will do, and they're 
not hard to make. Elements can be run through 
the boom, and held in place ns shown in F.ig. 
9-16. These were made of 3/64-inch sheet alu
minum. which can be bent easily hy hand. Any 
heavier stock is good, if you have suitable bend
ing facili ties. Use of self-tapp ing screws to hold 

Fig. 9-21 - Model showing tho method of mounting 50· 
Mc. elements on the boom without drilling holes th rough 
the lotter. For strongest permanent assembly, self
to pping screws should foston the she~t-motol clomps 

in position. 
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components in alignment, as shown in Fig. 9-21, 
is recommended with thin clamp stock. 

The lips of the clamps should be bent upward 
at right angles flrst. Forming tJ1c "U" is started 
by placing the tubing in a vise in a vertical 
position, and bending the clamp around it. The 
actual U shape is achieved by opening the vise 
to slightly more than the width of tubing-plus
clamp, placing the clamp U-clown loosely in the 
vise with the tubing lying in it, and then tapping 
the tubing lightly with n hammer. Alignment of 
tbe holes in tl1e clamps is not fussy, and if they 
are drilled slightly larger tJrnn needed to pass 
the screws there will be no assembly problem. 
We used a No. 22 drill and 6-32 screws. The 
nuts should be pulled up only tightly enough to 
hold tJ1e assembly firmly together. Check the 
nuts after the array has been in use for a few 
days and tighten as necessary. 

The gamma method is nhout as simple as you 
can get: the coax is merely brought along tJ1e 
boom to the driven element, bent nt right angles, 
and run out far enough to match the antenna 
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Fig. 9-22-Dimensions of aluminu m pla tes used to make 
the assembly damps in tho v.h.f. a rra ys. Shee t metal 
should be 3/ 64 inch or thi ckor. Two A-type clomps ore 
needed for joining %-inch tubes a t right a ngles for 
a ssembling the frame of tho 144-Mc. a rray. Ono Band 
one C ore needed to mount o V.-inch element on a 
1 Y.t -i nch boom, as in Fig. 9-21. Tho " figure 8" clomp, D, 
mode from o 'h·inch wide strip approximately 6 inches 
long, is used to ground the coox to the 50-Mc. boom. 

impedance when fed tJ1ro11gh a 100-pf. fixed 
capacitor. The point of c<>nncction was foimd 
experimentally, though 20 inches and 100 pf. 
should do. Put an s.w.r. bridge in the line and 
move the connection along the element, for 
minimtm1 reflected power. The outer conductor 
of the coax should be grounded lo the boom at 
about 54 inches from the capacitor end. Strip a 
narrow band of the outer covering off, and fasten 
it to the boom with the .. figure 8" clamp of Fig. 
9-22D. Waterproof by wrapping witJ1 plastic 
tape and spraying with Krylon. Treat the capaci
tor similarly. It must stand high r.f. current. The 
Ccntralab 8505-l OON is adequate. A variable 
may be used if mounted in a weatherproof bo.~. 
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144-MC. ANTENNAS 

Though some information in the 50-Mc. sec
tion may be useful to the build.er of 144-Mc. 
arrays, the roughly 3-to-l dilference in size 
tends to make construction ideas for the two 
bands mutually exclusive. The 2-meter antenna 
nearly always has more elements than t11e one 
for 6, for two good reasons: size pennits it and 
performance demands it. . 

Though gain over a dipole comes progressive
ly easier as we go to higher frequencies and 
smaller elements, overall communications ef
ficiency does not. Jlegardless of frequency, t11e 
physical size of the antenna is what really 
counts in determining how well a station will 
work out. A 5-element Yagi, properly designed, 
will have the same gain whether built for 50 

or 144 Mc. It is accepted as quite a good an
tenna on 6, but if everyone used nothing 
larger on 2 our results on that band would be 
dismal indeed. Thus we find long Yagis and 
large collinear arrays in common use on 144 
Mc. and higher bands, but relatively rare on 
50Mc. 

Frequency response may be important on 144, 
too. Most 50-Mc. activity is concentrated near 
the low end of the band, but we spread out 
more in the 144-lVIc. band. Its ability to work 
over n relatively wide frequency range makes 
the collinear a good choice for many 2-meter 
men, while those who want optimum perform
ance in one narrow segment probably will go 
for t11e long Yagi. 

COLLINEAR ARRAYS 

Two collinear systems for 144 Mc. and higher 
bands are shown in Figs. 9-23 and 9-24. Eit11er 
can be fed directly with 300-ohm balanced line, 
or with coaxial line and a balun. The actual 
feed impedance depends on many factors, but 
if no means of matching is used the s.wJ. on 
t11e main line will never be very high. For pre
cise matching, use of the universal stub (Fig. 
8-18D) is recommended. 

Fig. 9-23- Schematic drawing af a 12-element col
linear array for 144 Mc. that may be fed with coaxia l 
line and a balun, or 300-ohm balanced line. The sup
porting frome of Fig. 9-25 was intended for use with 
this type of array. 

Feed impedance can be controlled to some 
extent by varying the spacing between the 
driven elements and the reflectors. ln the 16-
element array, Fig. 9-24, the impedance tends 
to be on the low side of 300 ohms, so the re
Uectors are spaced 0.2 to 0.25 wavelengt11 be
hind the driven elements. In the 12-element 
system, Fig. 9-23, the impedance is higher, due 
to the lesser nun1ber of elements and connection 

of the main line at the inner ends of the middle 
pair instead of at the midpoint between two 
pairs, so the reflectors are spaced 0.15 wave
length to bring the impedance down. There is 
little gain dilference with reflector spacings from 
0.15 to 0.25 wavelength. 

A supporting frame may be made of wood or 
metal, if elements are supported at their cen
ters, and no insulating mounts will be needed. 
It is best to keep tile supporting structure in 
back of the plane of the elements insofar as 
possible, and to avoid use of insulating material 
near the element ends. AU-metal construction 
is illustrated in Figs. 9-25 through 9-27. All-wood 

Fig. 9-24- A 16-elcment col linear a rroy similar to the 
12-element of f ig. 9-23, except that the feedpoint is 
midway between the midd le pai rs of elements. Wider 
spacing of the reflectors results in nearly the som" 
feed impedance. An example of this array is shown 
above a 50-Mc. Yagi in Fig. 9-13. 
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fig. 9-25- Supporting fromework for o 12-element 144· 
Mc. a rray of all -metal desig n. Dimensions ore a s fol· 
lows: oloment supports ( I) * by 16 inches; hori zontal 
members (2) * by 46 inches; vertical members (3) * 
by 86 inches; vertical support (4) 1 'h-inch diameter, 
length as required; refled or-to-d riven-element spacing 
12 inches. Ports not shown in sketch: driven elements 
~ by 38 inches; relledors ~ by 40 inches; phasing 
lines No. 18 spaced 1 inch, 80 inches long, fa nned out 
to 3V2 inches a t driven elements (transpose each half· 
wavo section) . The elements a nd phasing lines a re or· 
ra nood as shown in Fig. 9-23 . 

construction is used in 432-Mc. arrays described 
later. 

Elements should be rigid enough so that ligh t 
tension on the phasing lines will not bend them 
appreciably. Aluminum or dural tubing ~: to 
~ inch in diameter is commonly used, and ll
inch aluminum rod is good. Frequency response 

Fig. 9·26- Model showing method of a ssembling all · 
metal arrays, using clamps deta iled in Fig. 9-27. 
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of the collinear array is broad enough so that 
element lengths and other dimensions can be 
taken from the figures of Tnble 9-I. 

Large collinear arrays should be kept to a 
maximum of 8 driven elements per set of phasing 
lines. See Fig. 8-13 and the 432-Mc. collinear 
of F ig. 9-67 for recommended metbods of feed
ing arrays of more than 8 driven elements. Two 
16-element 2-meter arrays side by side are 
shown in Fig. 9-28. This is a duplicate of the 
32-element setup used to collect the data of 
Fig. 8-11, on the effects of spacing between 
bays. Increasing the bay spacing makes a large 
array that is hard to handle mechanically, but 
a very wortbwhile improvement in gain and 
pattern sharpness results. 

The feed impedance a t the center of the 
phasing Hoe between two such bays is roughly 
half that of one bay alone. A Q section with 
variable spacing, or the universal stub, Fig. 
8-18C and D, will provide for matching. 

1 r ll•lldrill 

r1=L_zJ£r 

fig. 9-27- Clamps used for a ssembli ng a ll-meta l colli· 
near arrays. A, B and C aro before bending into U 
sha pe. Rig ht-a ngle bends should be made first, along 
dotted lines, then the pla tes may be bent around pipe 
of the proper diameter. Sheol stock shou ld be t1s·inch 
or thicker al uminum. 

All-Metal Construct ion 

Collinear arrays of all-metal design can be 
very light in weight, yet rugged enough to with
stand extreme weatber hazards. The 16-element 
array of Fig. 9-13, built according to Figs. 9-24 
through 27, survived four severe winters, mount
ed 70 feet in the nir on a windswept New 
Englnnd hilltop, yet it was in good condition 
when taken down. It weighed less than 10 
pounds and was relatively easy to handle. The 
entire frame, except for the !lf-ind1 vertical sup
port, was made of r.-inch aluminum tubing. Ele
ments are J.:-inch tubing, center-mounted. Phas
ing is done with open-wire TV line soldered to 
lugs bolted to the inner element ends. 

The rotating portion of the transmission line 
was 300-ohrn tubular Twin-Lead, brought to an 
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insulating support just below the tower bearing. 
Here it joined the main transmission line, which 
was open-wire pulled up tight on strain insula
tors at each end. As pointed out in Chapter 

V.H.F. ANTENNAS 

Fig, 9-28-Two 16-clo· 
ment all-metal arrays, ar· 
ranged for adjustable 
spacing between boys. 
The patterns of Fig. 8· 11 
were mode with a dupli· 
cote of this array, 

8, straight unsupported runs are recommended 
for low radiation loss with open line. This instal
lation had 125 feet, yet it performed in out
standing fashion. 

YAGIS FOR 144 MC. 

For a small antenna with app1·eciable gain, 
n Yagi is the usual choice at 144 Mc., as well 
as 50. Yagis for 144 Mc. and higher seldom 
have less than 5 elements, :md more is certainly 
desirable. Such antennas for 144 '.\ le. arc so 
much smaller than for 50 that quite different 
structural methods nre usually employed, though 
the principles of opcrntioo remain the same. 
With a little effort and shopping around, the 
materials for a prdiy fair 2-meter antenna can 
be picked up for almost nothing. 
The wood-boom Yagis that fol
low are good examples. 

Fig. 9-29-low-cost 5·elemcnl beam 
for 144 Mc. Nole feedline loped to 
tho boom and support. 

Broomstick Beam for $1.50 

Something dose to the ultimate in decibels 
per dollar in 2-metcr antennas is shown in Fig. 
9-29. It w<1s made by WllCP after a search for 
the lowest-cost materials a,·ailabJe. The beam 
works just as well as one of the same number of 
elements costing 20 limes as much, though it 
might not last as long in rooftop service. It 
can he dismantled readily for portable use. 
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The boom is two 3-foot lengths of ~;-inch 
wood dowelling, available at any lumber yard 
and most hardware stores, for around 25 cents 
each. These are fastened to another length, for 
the vertical support, using 6 X 8-inch gusset 
plates, as s!1own in F ig. 9-30A. These can be 
cut from any wood scraps. Thin outdoor ply
wood or tempered Masonite \\.ill be light and 
strong. 

Elements are cut from hard ahuninw11 "picket 
wire," found in most hardware and garden
supply stores. It sells for around 75 cents for 
25-foot rolls. Other element materials are avail
able, though they may cost more than the wire . 
Aluminwn rod of various diameters and tubing 
up to about ll inch are fine. Welding rod is 
cheap and plentiful, though it may be sold in 
lengths less than the 38 and 40 inches needed 
for the driven element and reflector. 

First, drill the dowels for the elements, as 
shown in Fig. 9-31. Perfect alignment is im
portant only from an appearance standpoint. 
Exact spacing is not important either. Preferably 
the holes should be of such size that the ele
ments will be a press flt. Wood screws run down 
from the top of the boom bite into the elements 
slightly, to hold them in place. Drill holes for 
these screws somewhat smaller than the thread
ed portion, to prevent splitting the boom when 
the screws are inserted. The dowels and gusset 
plates are best assembled with %2 screws, with 
washers under the heads and nuts. 

The feed system uses a delta match, and 
either 300-ohm Twin-Lead or coaxial line and 
a balun. Fig. 9-30C gives dimensions for Twin
Lead or 72-ohm coax and a balun. Connection 
of a balun is shown at B, with dimensions to 
be used when the coax is the 52-ohm variety. 
In the method at C, a run of Twin-Lead can 
be used and 72-ohm coax and a balun con
nected at the end near the transmitter, if de
sired. Some mismatch will result if 52-ohm 
coax and a balun are used in this way, though 
it is not enough to be harmful. Do not use 
small coax under any circumstances, except for 
nms of 2.S feet or less. 

_ 7i<,i1t lead 
tl!Bah.m 

fig . 9-30-Details of the gusset-plate mounting for the 
boom, A. Delta matching dimensions for 50-ohm coax 
and o balun, and for 300-ohm Twin-Lead, ore given 
in B and C. 

The delta or Y can be made of Twin-Lead, 
merel>' by slitting it for the necessary length 
with a sharp knife, and then fanning it out 
Connections to the driven element are made 
with small clips cut from any convenient metal. 
Be sure that. contact is clean and tigl1t. The 
wire elemeuts won't stand much tension, so the 
Twin-Lead or coaxial line and balun should be 
taped to tl1e wood boom. 

If a Twin-Lead line is used, the match will 
be close enough if the dimensions are followed. 
With coax you can adjust the points of con
nection on the driven element for a perfect 
match, using an s.w.r. bridge connected in the 
coaxial line. Be sure that tight contact is made 
to the driven element each time a reading is 
taken, and that the distance out from the center 
is the same on each side. 

The wood support can be inserted in a TV 
rotator, or fitted into !-inch water pipe or :i:
inch electricians' conduit, to extend the length. 
The beam makes a fine setup for portable work, 
as it can be taken apart in a few minutes and 
carried in a small bundle. 

Intermediate-Length Yagis 

The low-budget 5-elemeot Yagi just de
scribed demonstrates the fact that gain up to 

35 " 
DIR . --=---++--~--

:?O .. 

35¥.a~ 
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fig. 9-31-Element ler1gths and spacings for the 5-ele
ment Yagi. 
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f Ekme1t.t 

f E!em.eJtt. 
Tltread 6-.u 

Fig. 9-32- Dimensions and structural details of a 10-foot wood-boom Yogi for the 144-Mc. band. Tho end 
view of the folded-dipole driven element is shown al the upper left, ond the method of mounting it in tho 
boom, al the right. Dimensions a re for feeding with 52-ohm coox and a balun. Element lengths are for 
optimum performance between 145 a nd 146 Mc. Detoi l of tho driven element is shown for one side only, 
in the inler.,sl of clarity. 

9 or 10 db. comes quite easily in 2-mcter Yagis. 
If we look back to Fig. 8-4, we see tha t nfter 
tbe first few element~ the gain per element 
tapers olJ, and the boom length increases mark
edly. Despite t11is, Yagis of intermediate length 
may be useful in many circumstances. They 
can be built readily and at moderate cost, if 
wood i~ used for the boom and element ma
terials are shopped for witJ1 low price in mind. 
A 10-foot Yagi of respectable performance, that 
can be erected with no more fuss than a good 
TV antenna, is detaiJed in Fig. 9-32. 

A good material for medium-length booms is 
round wooden stock avaiJable in most lumber
yards. Commonly called rug or closet poles, 
they come in various lengths and diameters. The 
boom shown is 10 feet long, and rn inches in 
diameter. It should hold alignment without 
bracing, if properly treated to prevent moisture 
absorption. Select stock that is thoroughly dry, 
and free of l-nots. When holes have been 
drilled, spray or brush on clear lacquer, dry, 
and t11cn brush on outside paint. When all 
mechanical and electrical work has been com
pleted, the assembled antenna can be sprayed 
with clear lacquer to prevent corrosion of metal 
parts. 

Parasitic elements can be hard-drawn alu
minum wire or welding rod, J.I inch or larger, 
or tubing up to 18-inch diameter. The smaUer 
stock is preferable. The 10-foot boom is prob
ably about the longest that will hold up well 
witliout bracing, but if a longer beam is wanted 
it· can be braced as shown in Fig. 9-16. Ad
ditional directors should be spaced 29 inches 
apart, and each made progressively J.: inch 
shorter. Element spacings are not particularly 
critical. The re£ector can be anywhere from 12 
to 20 inches in back of the driven element, witli 
onJy a slight effect on performance, provided 
that the matching system is adjusted to take 

care of varying feed impedance. Director spac
ing can be varied plus or minus an inch or so 
with no noticeable chnnge in d1arncteristics. 
Element lengtlis can vary plus or minus J.\ inch 
without any change that c.-ouJd be observed 
except hy the most carcfuJ check on frequency 
response. 

With the ratio-type dipole shown in Fig. 9-32, 
the antenna can be fed directly with 50-ohm 
coax and a half-wave balun. A small range of 
adjustment can be had by bending Lhe J.1-inch 
portion of the folded dipole nearer to or farther 
from the %-inch portion. The curve of Fig. 9-33 
shows lhe standing wave ratio of the array with 
the dimensions given, using this method of feed. 
This is a good setup for the fellow interested 
mainly in operating above 145 Mc. U oplimum 
performance is wanted near the low end of the 
band tJ1c elements can all be made }l to l: inch 
longer. 

In mounting the clements the boom should 
be drilled just large enough so that the ele
ments fit tightly into tJ1e holes. They can be 
held in place by wood screws run into the boom 
and bearing firmly against them. These screws 
can be bonded together with a wire mnning 
down the boom, and this can be grounded, for 
lightning protection. A better metllod of hold
ing the clements in pince is shown at the upper 
right of Fig. 9-32. This clamp arrangement 
works equally well with any round boom, re
gardless of material used. 

Driven-Element Construct.ion 
Construction of the ratio-type dipole is shown 

in Fig. 9-32. The unbroken portion is %-inch 
tubing, the ends of which are plugged with 
wood dowels to permit tighteni~1g nuts against 
it to hold the fed portion of the dipole in po
sition. The latter is ~inch wire or rod, witl1 
the ends tJ1readed for 6-32 nuts. An alternative 
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method of making end connections, if you do 
not have a threading die, is to hammer the rod 
end Hat and then drill it to pass a 6-32 screw. 
The outer end can be bolted to the ~'-inch por
tion, and the inner to solde1ing lugs attached 
to the ends of the coaxial line and balun. 

The two portions of the dipole are held in 
alignment by means of 1-inch ceramic or teflon 
standoffs, one on each side of the boom and 
about one inch out from it. A 6-32 screw run
ning through the %-inch upper portion and a 
wrap-around clamp of thin metal, also with a 
6-32 screw, hold this assembly together as 
shown in the sketch. 

An alternative driven-element design that 
allows a wide range of adjusbnent, and use of 
any type of transmission line, is shown in Fig. 
9-34. This is made from a single piece of sti£E 
wire 160 inches long, bent as shown to include 
both the dipole and the universal matching stub. 
The sliding short on the stub, and the point 
of connection of the line or balun, are adjusted 
for zero reflected power, using a frequency in 
the middle of the range where optimum per
formance is desired. Readjusting for various fre
quencies will extend the useful range of this ar
ray beyond that in the s.w.r. curve of Fig. 9-33. 
The stub matching method can be used to ex
tend the range of the ratio dipole, as well, if 
desired. 

1------ 36"'-----i J_ 
r; '!f'fCOX. 

T 

41" 
ornioi:e 

1 
Fig. 9-34-0ne-piece folded dipole ond universal 
matching stub, for substitution in place of the ratia
type dipole. Ad iustment of the stub length and point 
of connection of the feedline can be made for opti
mum matching anywhere in the lower half of the 
band, with the element lengths given in Fig. 9-32. 
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Fig. 9·33-Curve of sta nding·wave ratio 
taken with the 10-foot Yag; of Fi g. 9-32. For 
optimum matching in the first megacycle, 
make all elements 'A to Y2 inch longer, 
lea ving all other dimensions as shown. Note 
that mismatch rises more ra pidly on the 
high-frequency side. 

Stacking 

Where two of these Yagis are to be stacked 
the type of dipole used is unimportant, for 
matching will be taken care of at the central 
feed point, preferably with the universal stub. 
If a ratio-type dipole is used in each bay, with 
open-wire line for the phasing section, the s.w.r . 
on this line will be lower than if a uniform
con:ductor dipole is used, but this is not an im
portant consideration, in view of the short run 
of phasing line. 

The bays should be a foll wavelength ( 81 
inches) or more apart, using phasing and match
ing information already presented. Two of these 
10-foot Yagis stacked should nearly equal the 
single 24-footer of Fig. 9-35 in gain. The 
stacked pair will have broader frequency re
sponse, and in some circumstances may be 
easier to install. 

Long Yagis for 144 Mc. 

Though there is no theoretical limit to the 
amount of gain that can be achieved in making 
ever longer arrays, the practical limit is reached 
in 144-Mc. Yagis at somewhere around 24 to 
30 feet for most of us. If the limited frequency 
response of arrays this long is not a severe 
handicap, they are an attractive means of de
veloping outstanding antenna performance. 

Optimtun element spacings and lengths for 
long Yagis were worked out experimentally by 
W2NLY and W6QK1 some years ago, and 
similar work has been done by many others 
since. These projects have resulted in published 
flgures that appear to be contradictory, but their 
seeming dL~parity merely shows that there are 
many ways to arrange the elements in a Yagi 
for roughly the same result in gain and band
width for a given length. This point explains 
the variations that will be found in comparing 
the Yagi systems shown in these pages. 

One product of the W2NLY-W6QKI work 
was a 13-elemeot 144-Mc. Yagi that has since 
become an almost standard long-Yagi design. 
Lengths and spacings for one version are shown 
in Fig. 9-35. This antenna is just under 24 feet 
long, but it can be made very light in weight 
and easy to handle. With the dimensions given 
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Fig. 9·35-Element lengths and spacings for a 24-foot high-performance 144-Mc. Yogi. Greater bandwidth 
con be achieved, at some sacrifice in forward gain, by tapering the element lengths os described in the 
text. Design information is from W2NLY ond W6QKI. 

in the drawing (all directors the same length ) 
optimum performance is maintained essentially 
from 144 to 145 Mc. (The s.w.r. curve will 
show a rise at the low encl, and a steeper 
rise approaching 145 Mc., but gain and minor
lobc content do not change markedly. 

Polar plots of this antenna at various fre
quencies arc given in Fig. 9-36. At the left are 
runs at 144 and 145 Mc. Note that the broken 
line for 145 Mc. shows a narrower main lobe, 
but some increase in size of the minor lobes. 
Plots at 145.5 and 146 Ylc. show greatly re
duced gain, and at the higher frequency almost 
no difference between the majo: and minor 
lobes. Above 145 Mc. appreciably, the array 
has no practical value. 

This situation is improved somewhat by ta
pering the director lengths, as may be seen 
from Fig. 9-37, showing the relative gain level 
across the band with elements tapered !8 inch 
(solid Hne) and ~ inch (broken line). The 
le-inch taper extends the useful range to about 
145.5 Mc., and the ~-inch to above 146, but 
both involve appreciable sacrifices in peak gain. 
When tapered element lengths are employed, 
the first director, D1 should be 37% inches, 
D2 37%, D3 37lf, and then each additional 
director 13 or ~ inch shorter, depending on the 
performance desired. 

Those curves and pattern plots represent the 
best that can be expected. In practice, the pat
tern of a long Yagi working above its upper 

Fig. 9-36-Polor plots made with the 
long Yogi of Fig. 9-35. At the left 
ore plots ot 144 and 145 Mc. Note 
that at the higher frequency the 
main lobe is sharpening and minor 
lobes ore larger. At the right we 
see that the gain is much lower and 
the minor lobes ore much larger in 
tho 145.S·Mc. curve, solid line. Tho 
orray is of little val ue at 146 Mc., 
broken line, there being little differ
ence between major and minor lobes. 

useful frequency limit is little more than a mass 
of minor lobes and deep nulls. For work over 
all or most of the band, a collinear array, or 
a smaller Yagi, is to be preferred. 

A convenient way to build a long Yagi is 
to obtain several tclescop.ing aluminum mast 
sections, available from radio and TV dis
tributors. These should be pinned together with 
self-tapping screws. Elements can run through 
the boom, if clamps such as shown in Fig. 9-32 
are used to hold them in place. Hard drawn 
aluminum wire or rod J~ inch in diameter is 
a good element material. It is strong, and 
springy enough so that ice does not form on 
it readily. If an ice load does build up, tl1c 
elements droop and the ice slides off, after 
which they spring back to their original position. 
A long Yagi of this construction, witl1 suitable 
bracing for tl1e boom, is practically inclestruct
able. 

With very long booms it is best to hang the 
antenna from its braces, though booms up to 
about 24 feet stand up well with bracing below 
the boom. The boom bracing of Fig. 9-16 is 
suitable for suspension. Where braces are be
low the boom, greater strength can be achieved 
by leaving the brace material round, and driv
ing a tight-fitting wood plug into the end 
several inches, so tl1at it will not compress 
when tightened in place. Lightweight aluminum 
angle stock also makes good boom braces. 

Hauling a long Yagi up to its position is 
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often the most difficult part of an antenna in
stallation. Many antenna workers solve tMs 
problem by designing the antenna so that it 
can be assembled atop the tower. The necessary 
components can be run up on a pulley rope 
with ease. This is practical if the .boom is made 
in several sections that telescope together. The 
method has been used by the author of these 
lines on many occasions to put up large arrays 
single-handed. 

Feeding the long Yagi presents no special 
problems, except that one should be sure that 
it is matched at the frequency to be most often 
used. Impedance of the array will depend on 
many factors, but if a basic impedance of 
about 25 ohms is assumed, and the matching 
system worked out accordingly, the result will 
never be very far olf. The step-up folded di
pole is usually the most convenient feed sys
tem. A half-inch solid portion, with the fed 
portion of %-inch wire spaced rn inches be
tween centers, will give an 8-to-l impedance 
step-up, and something close to 200 ohms feed 
impedance. Typical construction is shown in 
Fig. 9-32. Thi~ can be matched with 52-ohm 
coax and a balun, or a quarter-wave Q section 
can be installed at the feedpoint for higher 
impedances. If tl1e spacing is made adjustable 
it will be possible to adjust the impedance of 
the Q section for perfect match to any desired 
feedline. 

The Q section, if used, and the main feed 
line can be nm along the boom toward tl1e 
vertical support. This is usually preferable to 
letting the transmisson line dangle, as the feed
point is a long way from the center of the 
system, and it puts considerable unnecessary 
strain on the support. 

Stacking 

Long Yagis have large "aperture;" conse
quently they require very wide spacing when 
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fig. 9-37-Relative response of the long Yagi with 
diredor le ngths taperea % inch, solid li ne, and 14 
inch, broken li ne. 

stacked, if a real improvement is to be made. 
There is li ttle to be gained from stacking two 
24-foot Yagis closer tlrnn 12 feet apart, and 16 
to 18 feet is better. In matching stacked sys
tems, remember tl1e rule that the feed imped
ance of a stacked pair is about half that of one 
bay, if the phasing line is any multiple of one 
wavelength long, electrically. If made any odd 
multiple of a half wavelength, the phasing sys
tem will act like a double Q section, when fed 
at its midpoint. 

Because of the mechanical and electrical 
problems in handling stacked combinations of 
long Yagis, more bays of shorter Yagis often 
may be a better solution. As an example, four 
24-foot Yagis in a box configuration takes 
roughly 6000 cubic feet of space. It may give 
20 db. of gain, if the job is done properly. 
A set of 8 6-elemcnt Yagis spaced one wave
length each way takes only about 1000 cubic 
feet of space, yet it should give almost as much 
gain, and probably over a wider frequency 
range. 

4-BAY 20-ELEMENT 144-MC. ARRAY 

The 2-meter array shown in Figs. 9-38 and 
9-20, where it is stacked above a 6-element array 
for 50 Mc., has four Yagi bays of 5 elements 
each. The same gencraJ layout could be used 
with shorter bays, or longer ones up to about 7 
elements. The spacing is one wavelength in the 
horizontal and vertical planes, wMch is optimum 
for bays of this approximate size. 

The booms and frame are all :!I-inch alumi
niun tubing, hardware-store stock, available in 
6- and 8-foot lengtl1s. Four 6-foot pieces (SJ .79 
each) took care of the booms, and four 8-foot 
ones ( S2.39 each ) were used for the horizontal 
and vertical frame members. 

The clamps are made as shown in model and 
drawing form in Figs. 9-22 and 9-39. Eight arc 
needed. Elements can be anything from M to ll 
inch in diameter. Ours have J<-inch center sec-

tions of tubing, with inser ts of 5/32-inch alu
minum wire or welding rod. Any stiff wire, 
tubing or rod stock could be used for the entire 
clement. \Ve used this combination for several 
reasons: it makes for exceptional strength, we 
had some of both but not enough of e ither for 
tl1e entire array, and the inserts provided a con
venient means of adjusting the clement lengths. 
We will not bother with the various dimensions 
involved, other than the overall element lengths 
finally arrived at by experiment. Sec Fig. 9-38. 
The elements are run tluough the boom, and 
held in place by self-tapping screws, as seen 
in the mockup, Fig. 9-39. Aluminum screws for 
this purpose can be bought at the hardware 
store, and we recommend them over steel. They 
stay in place, and they won' t n1st. 

The phasing system is shown at the right of 
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Fig. 9-38-Principal dimensions af the 144-Mc. array. Element lengths and spacings are given at tho left. The 
supporting structure is sketched in the center. Details of the phasing harness and matching section are shown 
at the right. Impedances need not be known, since it is necessary only to adiusl the position of tho short and 
the point of connection of the balun far the frequency range mast commonly worked. Dimensions of tho 

fanned·out sections at tho ends of the phasing harness ore not critical, so long as a ll a rc the same size. 

Fig. 9-38. A universal stub at the central feed
point provides a simple means of matching with
out having to know the impedances involved. 
The phasing sections are fanned out near the 
point where they connect to each driven ele
ment. Here again, there is no precise dimension; 
just make the spacings and the traingular match
ing sections all the same. Be certain tl1at a clean 
and permanently-tight connection is made to the 
driven element. 

Phasing lines can he any balanced line, and 
most builders may prefer common TV open-wire 
Hae, either half-inch or one-inch spaced. We 
tried a different idea, and used ordinary zip
cord &om the electrical counter of the hardware 
store. 'We strung this on homemade spreaders 
cut from %-inch wooden dowel, drilled to give 
about %-inch spacing. The insulation on the zip
code lasts well out of doors, and tl1e wire is 
strong, yet Aeidble. Despite some early misgiv
ings about this phasing setup, it has turned out 
to be durable and effective, as well as convenient 
aod inexpensive. 

fig. 9-39-Mockup showing methods for assembling the 
framework and elements af the 2-meter array. 

Star lugs were soldered to the ends of the 
phasing lines to boll to clips tlmt wrap around 
the driven elements. The junction of the zip
cord and the lug was wrapped with plastic tape 
and sprayed with Krylon. The wood-dowel 
spreaders were also sprayed. The Hoe is sup
ported at several points, using TV-type insulated 
standoffs which wrap around tl1e appropriate 
dowel spreaders in the line. 

The element lengths given are for maximum 
performance in the bottom megacycle of the 
band. If you want the beam to be most effective 
above 1<15 Mc. it would be desi rable to shorten 
all elements by J.: inch for each megacycle 
higher. Element lengtl1s are not too critical, pro
vided that the short and points of balun connec
tion on the matching stub are adjusted for zero 
refiected power a t the center frequency you 
select. A single 5-element Yagi was made as a 
preliminary to the 4-bay system, and adjusted 
carefully for oplimum performance between 
144.5 and 145 Mc. \/'le found 011.ly a discernible 
difference in forward gain from 144.0 to nearly 
147 Mc., after readjusting tl1e matching stub for 
each frequency change. Both gain and front-to
back ratio dropped off markedly above 147. 

It was interesting to note that tlle frequencies 
of optimum gain and front-to-back (they're not 
the same) moved down about 500kc. with the 
stacked system, compared with the single Yagi. 
Presumably this was the result of coupling be
tween bays, and the introduction of more metal 
in tl1e Seid of the array. The element lengths 
given are corrected for tl1e 4-bay system. The 
single 5-elemeot would have ~ inch more per 
element for peak performance over tl1e same 
frequency range. Precise adjustment of element 
lengths is not too important, however , if the 
matching is adjusted in tl1e frequency range 
most used. 
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THE SKELETON-SLOT ANTENNA 
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Fig. 9·40- Derivatian of the skeleton.slot 
v.h.f. array. Only the driven element Is 
shown, in the interest of clarity. Para· 
sitic elements are lined up with top a nd 
bottom portions of the driven element, 
giving the effect of a stacked Yagi with 
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A v.h.f. antenna that is very popular with 

British v.h.f. enthusiasts is shown in Fig .. 9-40. 
Developed by B. Sykes, G2HCC, and sold by 
his company, J-Beams, Ltd., on both sides of 
the Atlantic, this so-called "skeleton-slot" array 
gets its name from the nature of its driven cle
ment, derivation of which is as follows: 

Start with two half-wave dipoles SPaced % 
wave-length, one above the other, as at A. 
Radiation is mainly from the center portions 
of these, so the ends are bent toward each 
other, as in B. Then they are joined with what 
is essentially a wide-spaced transmission line, C, 
and fed with a fanned-out Y section and coaxial 
or balanced line. Balanced-to-unbalanced con
version, for feeding with 75-ohm coax, is accom
plished with a coaxial sleeve as detailed in 
Chapter 8. fhis is not shown in the sketch. The 
name of the array comes from the fact that 
this radiator behaves in much the same manner 
as a slot in a plane of metal, but in this case 
the plane is reduced to a closed loop. 

Polarization is in the plane of the 15-inch 
portions, or horizontal in the example. These 

75·0HM 
COA~ 

%-wavelength bay spacing. 

replace the usual driven clements in a stacked
Yagi system, and parasitic clements are lined 
up with tl1em in the same way as in a con
ventional Yagi. Vertical spacing is ~8 wave
length. Dimensions given m·e for 145 Mc., and 
broader frequency coverage is claimed than 
would be the case for a Yagi of similar dimen
sions. Up to 7 parasitic elements nre commonly 
used in each half of the array. Element spac
ing is similar to tl1at employed in Yagi design. 

Two or more of these stacked slot-fed sys
tems can be placed one above U1e other or 
side by side, and fed in phase in the manner of 
stacked Yagis. Starting with about 72 ohms for 
the first set, a stacked pair will have a feed 
impedance of about 36 ohms, and so on. Spac
ing of tlie sets varies between l and 3 wave
lengths, depending on the length of each bay, 
following the rules for Yagis set forth in Chapter 
8. Slot-fed arrays arc common on both 144 nnd 
432 ?vie. throughout the United Kingdom, nnd 
elsewhere in Europe. The fore-going informa
tion is published with the kind pennission of 
The Radio Society of Great Britain. 

QUADS FOR 144 MC. 

Though it has not been used to any great 
extent in v.h.f. work, the Quad antenna has in
teresting possibilities. It can be built of very 
ine:<.-pensive materials, yet its perfom1ancc 
should be at least equal to other arrays of 
its size. Adjustment for resonance and imped
ance matching can be accomplished readny. 
Quads can be stacked horizontally and verti
cally, to provide high gain, ~vithout sharply 
limiting the frequency response. 

The 2-Element Quad 
The basic 2-elemcnt Quad array for 144 Mc. 

is shown in Fig. 9-41. The supporting frame 
is 1 by I-inch wood, of any kind suitable for 
outdoor use. Elements are No. 8 aluminum 
wire. The driven element is one wavelength 
( 83 Inches) long, and the reflector 5 percent 
longer, or 87 inches. Dimensions are not particu
larly critical, as the Quad is relatively broad in 
frequency regponse. 

The driven element is open at the bottom, 
its ends fastened to n plastic block, which is 
mounted at the bottom of the forward verticnl 
support. The top portion of the element runs 
through the support and is held firm by a 
screw running into the wood and the bearing 
on the aluminum wire. Feed is by means of 
52-ohm coax, connected to the driven element 
loop. For a perfectly nonradiating line the coax 
should be fitted witl1 a detuning sleeve (sec 
Fig. 8-26) but omission of this precaution docs 
not seriously affect the performance of the 
Quad. 

The reflector is a closed loop, its top and 
bottom portions running through the rear verti
cal support It is held in position with screws, 
top and bottom. The loop can be closed by 
fitting n length of tubing over the clement ends, 
or by hammering them Hat and bolting them 
together, as shown in the sketch. 

The elements in tllis model arc not adjust-
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able, though this can easily be done by the 
use of stubs. It would then be desirable to 
make the loops slightly smalJer, to compensate 
for the wire in the adjusting stubs. The driven 
element stub would be trimmed for length and 
the point of connection for the coax would be 
adjustable for best match. The reflector stub 
could be adjusted for maximum gain or front
to-back ratio, whichever quality the builder 
wishes to optimize. 

In the model shown only the spacing is ad
justed, and this is not particularly critical. If 
the wooden supports are made as shown, the 
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Fig. 9-41-Mechonicol details of o 2-element Quad for 
144 Mc. Driven element, Li, is one wavelength long; 
reflector, l!, 5 percent longer. Sets of elements of 
this type can be stacked horizontally and vertically 
for high gain with brood frequency response. Bay 
spacing recommended is !I. wavelength between ad· 
jocent element sides. Example shown may be fed 
directly with 52-ohm coax. 
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spacing between the elements can be adjusted 
for best match, as indicated in an s.w.r. bridge 
connected in the coaxial line. The spacing has 
little effect on the gain, from 0.15 to 0.25 wave
length, so tl1e variation in impedance with spac
ing c,m be utilized for matching. This also per
mits use of either 52- or 72-ohm coax for the 
transmission line. 

Stacking 

Quads can be mounted side by side or one 
above the other, or both, in the same general 
way as described for other antennas. Sets of 
driven elements can also be mounted in front 
of a screen reflector. The recommended spac
ing between adjacent element sides is n half 
wavelength. Phasing and feed methods can be 
similar to those employed with other antennas 
described in this chapter. 

Adding Directors 
Parasitic elements ahead of the driven ele

ment work in a manner similar to those in a 
Yagi array. Closed loops can be used fur di
rectors, by making them 5 percent shorter than 
the driven element, or about 79 inches. Spac
ings can be similar to those for conventional 
Yagis. In an experimental model built by 
\i\18HHS the reffector was spaced 0.25 wave
length and the director 0.15. A square array 
using four 3-element bays worked out extremely 
welJ. 

Workers using Quads on 144 Mc. have re
ported reduced fading, compared with horizon
tal Yagis. Possibly this is due to the presence 
of some vertical polarization with the Quad, 
making it less affected by polarization changes 
that tend to occur over long paths. 

OMNIDIRECTIONAL 144-MC. ANTENNAS 

The omnidirectional systems described for 50 
Mc. are suitable for 144 as well, and in general 
they may be duplicated for the higher fre
quency by using dimensions from Table 9-l. 
Specific details of 144-1\k. versions will, there
fore, be given only where information on tested 
designs is available. 

Vertical Collinear 

The smaller size, and greater need for gain 
at the higher frequency, tend to emphasize 
stacked systems at 144 Mc., whether directive 
or not. A vertical collinear array that can be 
used with any odd number of half-wave radi
ators is shown in Fig. 9-42. It can be fed with 
either 300-ohm line or coax and a balun at 
the midpoint of the center half-wave clement. 

As pictured, a three-half-wave system is 
made from two 97-inch pieces of aluminum 
wire, mounted with ceramic standoff insulators 
or TV hardware on a wooden pole. The coaxial 
line ls taped to the vertical support, though a 

preferred method where balanced feed i~ used 
would be to nm the line horizontally at least 
a quarter-wavelength from the feed point. A 
5-element system would be made in the same 
way, using additional folded half-wavelengths 
of wire between each radiating element. 

The Halo 
Though not truly omnidirectional, the halo 

antenna is often used where a minjmum of direc
tivity is desirable, as in mobile work. In its 144-
Mc. fonn, it is usually a halfwave element bent 
into circular shape. The diameter is not critical, 
so long as the element is resonant in the desired 
operating frequency range. The halo is widely 
used for 2--meter mobile, where small size is its 
principal virtue . Halos are used in stacked pairs 
occasionally, for increased gain and lowered ra
diation nngle. Individual halos or stacked pairs 
can be fed by any of the methods shown for 
driven elements io Chapter 8. Halos of various 
types for 50 and 144 Mc. are described in the 
mobile section of this chapter. 
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1 
&8' ,._J CLAMP 

--~ 1~· 
J_ FEED WITH 

SUPPORTS._ - ~~ocg~~At'i~LUN 

Fig. 9.-42- Vertical colli near a rray for the 2-meter band 
may be made from lwo pieces of aluminum wire, benl 
as shown. Supports can be ceramic slandoffs or TV 
hardware, faslened to wooden pole. 

The Big Wheel 

A weakness of the halo is its small size, and 
re!mltant low gain. It is considerably below a 
halfwave dipole, compared with the latter's pat
tern in its favored directions perpendicular to 

.fig. 9-43- The Big Wheel, an omnidirectional horizon
tal a ntenna for the 144-Mc. band designed by WlfVY 
and WI IJD. Radiating elements occupy an a rea ap
proximately 40 inches in diameter. 
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the dipole. The halo. is also quite limited in 
frequency response, particularly when capaci
tively loaded. An omnidirectional antenna that 
is a considerable improvement over the halo 
in both respect~ is the "Big Wheel," developed 
by WlFVY and WllJD, and shown in Fig. 
9-43. 

Almost harder to picture and describe than 
to build, the Big Wheel consists of three one
wavelength elements connected in parallel 
and arranged in clover-leaf shape. The parallel 
connection results in a very low impedance, 
which is raised to 50 ohms with an inductive 
stub. Frequency response is very broad. With 
the stub adjusted to the proper length for per
fect match at 146 Mc. the s.w.r. is negligible 
from 144 to 148 Mc. The radiation pattern is 
not perfectly circular, having slight dips in line 
with the notches in the antenna. 

Elements (A in Fig. 9-45) are 80 inches 
long, of any convenient size tubing or rod stock. 
With tubing, the strength and stability of the 
antenna are improved if wooden plugs are 
driven into the element ends. One clement 

fig. 9-44- Schematic representation of the Big Wheel. 
Three one-wavelength elements a re connected in paral
lel. The resulting low feed impedance is raised to 52 
ohms with an inductive stub. 

end is fastened to a grounded angle plate, B 
in Fig. 9-45. The other connects to a floating 
triangular plate, C. The two plates are kept 
in alignment by a ceramic or bakelite insulator 
about rn inches high. The inner conductor of 
the coaxial )foe connects to the triangular plate, 
and the sheath to tl1e angle bracket. The stub 
connects between these two plates. 

Note from the schematic presentation, Fig. 
9-44, that the elements are in parallel. Looking 
down at the antenna, if the left side of one 
element goes to the angle bracket, its right end 
goes to the triangular plate. Moving around to 
the right, the next element connects the same 
way, and so on, to the third. Only the stub 
length is critical, and since it is merely a strip 
of aluminum, several of various lengths can be 
made and tried. Another method is to slot the 
mounting hole in one end of the stub, so that 
its electrical length can be adjusted. Distor ting 
the shape of the stub also will tune it to some 
extent. The only objective in this is to get an 
s.w.r. bridge in the line to show zero reflected 
power at 146 Mc. The s.w.r. ""ill then be just 
detectable at opposite ends of the band. The 
size and shape of the elements contribute to 
the excellent broad-band characteristics. 
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1/8 ALUMINUM 

~1=1 
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STUB 

Fig. 9-45-Structural details of the Big Wheel. One 
element is shown al A. For strength the ends are 
plugged with wood. The grounded lower-support is 
shown at B. It is fastened to the pipe support with a 
TV U clamp. One end of each element is connected 
to this plate, a nd the other to the triangular plate, C. 
The tuning stub is shown ot 0 . 
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(INVERTI 

SOA RG· 8 

Fig. 9-46-Stacking arra ngements for two and four 
Big Wheels. Off-center feed in the two-bay system 
requ ires that one bay be inverted with respect to the 
other. In the 4-bay stock the two center bays ore the 
some side up and the two outer ones ore inverted. 
Both systems ore for 50-ohm feed. Dimensions given in 
Xe should include the velocity factor of the coaxial 
lino, 

Fig. 9""7-Rear-deck-mounted turnstile for WM~ . . mo
bile •ervice. 



Turnstile 

A single Big Wheel is nearly as effective in 
all directions as a horizontal half-wave dipole 
in its favored directions, and it is some 2 to 
3 db. better than a single halo. A very marked 
improvement comes with stacking a pair of 
Wheels, and this is easily handled electrically 
and mechanically. A stacked pair, and a pair 
of pairs, are shown in Fig. 9-46. Physical spac
ing is ~ wavelength. This is not critical; it may 
be set to whatever the phasing sections make 
convenient, in the vicinity of 50 inches. 

The phasing lines are *- and r.-wavelength 
sections of 75-ohm coax. Tl1ese act as a double 
Q ·section, resulting in 50 ohms impedance at 
the T fitting junction'. An electrical wavelengtl1 
of solid-dielecll'ic coax works out to be about ~ 
wavelength physically, the optimum stacking 
dimension. The length of the phasing sections 
should be checked out with a grid-dip meter, as 
described in Chapter 8. 

The off-center connection for a pair of an
tennas requires that one be inverted with re
spect to the other. Polarities for sets of 2 and 
4 are shown in Fig. 9-46. In the 4-stack, the 
feed impedance is kept at 50 ohms through 
use of two %-wavelength Q sections of 75-ohm 
coax, joined at the midpoint of the array with 
a T fitting, and fed there with 52-ohm coax 
for the main run. 

The slight irregularities in the horizontal pat
tern of a single bay can be smoothed out in a 
stacked pair by pcsitioning the bays so that the 
centers of the 'radiator elements of one line up 
with the notches of the other in the vertical 
plane. Coupling between bays of a stacked sys
te1n requires some modification of stub length 
for perfect matching. The usual stub length for 
a single bay is 5 inches. For two bays stacked, 
the stubs will be 6 inches each. In a 4-bay 
system, the top and bottom stubs are 6 incl1es 
and the inner pair 7 inches. A longer stub than 
5 inches may be needed for a single bay 
mounted near a ca.r top or other large metal 
body, if perfect matching is to be achieved. 

Gain from a stacked pair averages well above 
the 3 db. that theory would indicate, especially 
where the antennas are not at great height 
above ground. This probably results from the 
lowering of radiation angle that comes with 
stacking. Grealest improvement is observed 
with a pair, compared with one. With four, the 
overall gain is more in line with what one 
would expect, and the improvement over a 
stacked pair tends to be less tlrnn the theoretical 
3 db. The end result, however, is omnidirec
tional gain roughly comparable to the gain of 
a 4-element Yagi in its favored direction. 

Stacked omnidirectional systems are fine for 
control-station use in v.h.f. nets, or for situa
tions where erection of a rotatable antenna is 
not possible, but they are not ideal substitutes 
for rotatable arrays. Interference problems may 
become acute when gain is built up in an omni
directional array. Likewise, the broad frequency 
response of the Big Wheel is not an unalloyed 
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blessing. The antenna may increase the trouble 
one has with spurious receiver responses, in a 
location where other v.h.f. services are oper
ating close by. 

Turnstile for Two 

An unobtrusive but effective omnidirectional 
antenna for 2-mctcr mobile or fixed-station use 
is the "turnstile," Figs. 9-47- 49. This adaptation 
by WICUT is two half-wave dipoles crossed at 

"o"-SECTION 
l!_ RG-50AIU 
4 

!!_ RG-59/U 
4 

RG-59/U 
ANY LEN;TH 

fig . 9-48- Schemotic drawing of the turnstile a ntenna. 
Crossed dipoles (dimensions from Table 9-1) a re fod 
90 degrees out of phase through a quarter-wavelength 
loop. The Q section is not ordinarily used in mobile 
installations where the line is short. 

AU ELEMENTS 
}ljROP 

)4" ROD OR TUBING 

fig. 9-49-Mechonical details of the lightweight turn
stile. Design is by WlCUT. 

right angles, fed with equal power but 90 de
grees out of phase, as shown in Fig. 9-48. The 
quarter-wavelength stub provides this phasing 



212 

of the second dipole. Note that this is not tJ1e 
usual coaxial balun; it is a quarter wavelength 
long, not a half wave-length. The pattern of the 
turnstile is essentially ci rcular .in the horizontal 
plane. 

~ lcch:mical details of the turns tile arc shown 
in Fig. 9-49. The insulating support is a 1-inch 
piece of rn-inch diameter polystyrene rod, 
drilled in the center to fit over a ll-inch rod 
used for a support. A setscrew keeps this mount 
tight on the rod. Tapped holes 90 degrees 
apart take the four dipole elements, each 19 
inches long, threaded to fit in the holes in the 
round block. Lock washers, soldering lugs and 
nuts hold the rods tightly in place and provide 
for connection of the line and stub, in the man
ner shown schematically in Fig. 9-48. Be sure 
that the dipole rods do not come in contact 
with the center support. 

V.H.F. ANTENNAS 

The Q-section arrangement shown is desirable 
if exact matching is important. 1n a mobile 
installation, where only a short feed line is 
need ed, direct feed with any convenient small 
co<1x will work about equally well. 

Though primarily for mobile use, Lhis design 
may be adapted for neat home-station instal
lation. The block can be fitted to the top of 
a pipe mast, and the coaxial line nm down in
side, if d esired. Turnstiles may bo stacked for 
additional gain, in n manner similar to that 
shown for the Big Wheel. Dccause of the light 
weight, up to four turnstiles may bo stacked 
vertically with only a relatively small support. 
In mobile work the turnstile is somewhat su
perior to the halo, and is broader in frequency 
response as well. Length of the turnstile elc
ment5 is not too critical on that account. 

MOBILE ANTENNAS 

The simpler antennas already described in 
these pages can be adapted to mobile service, 
usually wi th less in the way of permanent dis
figuring of the car than may be required for mo
bile installations for lower frequencies. Often 
the v.h.f. mobile setup is casual and temporary 
- typically a Sunday afternoon drive with a rig 
that also serves the home sta tion. For such ven
rures temporary antennas can be devised to 6t 
almost any car, and they can be removed quick
ly, without leaving a trace. For more permanent 
installations (if any mobile station can be called 
"permanent") it is possible to dev;se ways of 
mounting equipment and antenn as that arc rela
tively unobtrusive and do not degrade the value 
of the vehicle when trade-in ti.roe comes. 

No-Holes Mounts 

Two temporary whip mounts are shown in 
Fig. 9-50. At the top is a sheet aluminum bracket 
with a coax:ial fitting attached. This can be bent 
to fit the car door, or frame. The temporary co
axial lead can run over the top of tJ1e window, or 
in most cars it can run through the door opening, 
as it will not be subjected to long-term abrasion 
from opening and closing the door. The weather 
stripping around most car doors will pass RG-58 
or 59 coaxial line easily. Similar arrangements 
can be made for temporary mountings around 
t11e rear deck openings of most cars. 

The turret mount of Fig. 9-50 can be left in 
place as long as desired, and the antenna and 
line removed when not in use. Its constructi.on 
from an ordinary can top, soldered to a sheet of 
copper or brass, should be obvious from the 
drawing. Plastic tape bolds the mount to the car 
top, permitting removal wit110ut dmnage to the 
finish. 

In many years of v.h.f. mobile operation in a 
variety of cars, the author has always fou.nd it 
possible to work out ways of mounting effective 
v.h.f. antennas without drilling visible holes. Re-

movable trim and the holes for mounting it 
provided means for fastening the turnstile of 
Fig. 9-47 in place, and bringing in its coaxial 
line feed . Air vents offered ready-made holes 
and access to the car interior in the case of the 
all-purpose mount of Fig. 9-51. This takes an
tennas mounted iJ1 n PL-259 plug, or oo a J.:
inch rod or tubing support. A compartment 
around the gas tank fill pipe was used for the 
whip bracket of Fig. 9-52. Even tl1e screws and 

Fig. 9-50- Two no·holos mounts for 144.Mc. mobile 
whips. The clip, a temporary expedient, is merely a 
coaxial fitting mounted on a light strip of aluminum, 
which con bo bent aver the top of the window or 
around the edge of the door opening. Tho turret is cut 
from o can top, •oldcr<!d lo o thin copper plole. This 
is toped to th<! car lop. Tope, or o sheet of thin pies· 
tic, under the plotc will permit oasy removal of the 
assembly, leaving no damage to the surface. 
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Fig. 9-5.1 - Top a nd side views of a bumper mount 
eosily mode from sheet aluminum. Clomps A, 8 and C, 
~-inch stock, hold vertical member, 0, tightly to the 
bumper. Vertical support can be tubing, for heavy 
antennas like a 50-Mc. halo, or wood, a s shown. The 
rod E is ¥..-inch a luminum, drill ed a t the top end to 
ta ke the turnstil e support of fig . 9-47 and 49. 

holes already in the car were used for mounting 
this one, and only a small hole in the side of the 
compartment, inside the rear deck, was needed 
for the coaxial line. 

A detachable bumper mount for mobile an
tennas such as the turnstile or halo is detailed in 
Fig. 9-51. This is handy for supporting portable 
beams, as well. See Fig. 9-58. It requires only a 
few pieces of sheet aluminum, a section of round 
wooden closet pole or broom handle, and an 
aluminum rod or tubing for the vertical member. 
Dimensions will vary with each installation, so 
only tile basic ideas are given here. For a 6-
meter halo the support should be aluminum 
masting, and the brackets should be made of lt
incb stock. For light 2-meter antennas, brackets 
of Yi6 or %2-inch aluminum should suffice. 

Mobile Whips 

Wbere vertical polarization is in general use 
the whip is quite a satisfactory mobile v.h.f. nn
tenna. It is also used by casual mobiles in hori 
zontal areas, regardless of polarization disad
vantage, bec1rnsc of its convenience and 1mob
tr1.1sive appearance. Cross polarization does not 
pose too severe a problem in mobile operation; 
the polarization of the receivc.-d signal is likely 
lo be mixed, as a result of mul tiple reAcctions. 
Tl1e vertical whip may work well in reception of 
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ionospheric DX on 50 Mc., agnin because of the 
random nature of the received-signal polariza
tion. The chief weakness of the whip is tbat, like 
other verticals, it is much more susceptible to 
ignition noise than horizontal systems. 

Whips for 144 Mc. or higher bands should 
preferably be mounted near the center of the 
c.:ar roof, as th is gi ve.~ a large ground plane, near
ly omnidirectional covernge, nnd a low radia
tion angle. Hoof mounting is good for 6-meter 
whips, too, but not everyone likes a 5-foot verti
cal on n car top. Family circumstances may dic
tate use of tho broadcast whip, or reasonable fac
simile. The whip of Fig. 9-52 serves three pur
poses. lt is connected to a coaxial switch on the 
dash, and lends from this run to tbe broadcast 
receiver and to mobile rigs for 6 and 2. Other 
positions of the switch can be used for testing 
other gear, without disrupting the "pe rmanent" 
installations. 

Length of a 50-Mc. whip is not particularly 
criticnl. A field-strength indicator may not show 
too much variation with changes of an inch or 
two either way, but the best length should be 
found experimentally, as it may not be the theo
retical quarter-wavelength. The position of the 
antenna on the car may affect both tile length 
and the feed impedance. Do not adjust length 
for best match, as the nominal impedance of a 
whip is below 50 ohms. Trim the coax line 
length, if necessary, for optimum loading. 

Fig. 9-52- Three-purpose whip se rves for broadcast 
reception and for 50- and 144-Mc. mobile work. Set 
to oplimum 50-Mc. Length, it works a s a 3A-wave an
tenno on 144, though performance is improved slightly 
if leng th is odiustod when changing ba nds. Mount is 
a n al uminum bracke t fastened inside the well around 
the gas ta nk opening. 
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A 50-Mc. whip of optimum length, usually 54 
to 56 inches, works reasonably well in the fl. 
wave mode on 144 Mc. If you extend the whip 
about 4 inches for 2-meter work, resonance can 
be obtained for both bands. The radiation angle 
is high for n ':-wave whip, but it is a convenient 
expedient for casual two-band work. If you 
work only the 2-meter band, a 19-inch car-top 
whip will :ilmost certninly be better. 

Novel 2-Meter Halo 

A quick-disconnect 2-mcter halo th:it can be 
dropped onto the broadcast imtenna or added to 
a 6-meter whip is shown in Fig. 9-53. The brain
child of W3KDZ, it uses the ancient principle of 
single-wire feed. In this case the whip acts as 
!"he transmission line, and is connected to the 
halo off-center, at the approximate matching 
point. The halo should preferably be about 40 
inches up on the whip, and if possible the whip 
should not extend above it. Minimum vertical 
radiation is obtained in this way. The distance 
off center on the halo should be adjustable, but 
3 to 5 inches is a good starting_ point. 

The length of the halo element will depend 
to some extent on the diameter of the circle. The 
smaller the circle the shorter the element, be
cause of increasing capacitance end-to-end. The 
one shown is 40 inches loug, and resonates at 
145 Mc., when bent so that the opening is 9 
inches. In the original by \.\13KDZ the element 
was 34 inches, and tl1e ends were fitted into a 
polystyrene insulator about 2 inches long. A 
grid-dip meter resonance check is desirable, in 
any case. 

Fig. 9-53- This 144-Mc. halo appears to hove no 
transmission line or matching device. Attached off· 
conter to the whip of fig. 9-52, it uses the whip as a 
si ngle-wi re transmission lino. Optimum whip length is 
opproximotoly 40 inches, so top section is telescoped 
when the halo is usod. Very little vertical polarization 
is in evidence. 
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Walking in circles with a field-strength meter 
showed some interesting pattern and polariza
tion variations with the antenna of Fig. 9-53. 
\Vitl1 the whip alone the 144-Mc. polarization 
was predominantly vertical, with a major lobe 
off the back of the car, at an angle of about 15 
degrees to the right of the line of travel. With 
the balo at 40 inches up the whip, left in its ex
tended position, the polarization was mixed, 
with vertical strongest on the main lobe, but 
with several horizontal and 45-degree lobes 
elsewhere. With the whip nm down to the halo 
(whip now 40 inches long, thus mismatched in 
tl1e vertical mode ) horizontal was mainly evi
dent, wiili some energy at 45 degrees, but al
most no verUcal. In othor words, the single-wire 
feed principle does work. The halo is by no 
means omnidirectional, however; its main lobe is 
forward and to the left, perpendicular to that 
portion of the halo near its high-current mid
point. A lesser lobe appears off the back and to 
ilie right of U10 car heading. 

2-Band Halo 

A halo that can be set up to work on either 
50 or 144 Mc. is shown in Fig. 9-154. This an
tenna is customary 50-Mc. size, 67 inches" in cir
cumference, with 2ll-inch square capacitor 
plates fitted to each end. The gamma matching 
am1 is 14Jf inches long, of the same material as 
the halo, and separated from it by ceramic in
sulators. A clip of sheet aluminum provides 
sliding contact between the ann and the halo. 
As always with the gamma match, be sure tlrnt 
this makes a clcnn tight contact. 

The halo shown w:is put together mainly to 
try out the t\vo-bund idcn, so its mecl1anical de
tails are not spelled out here. Important points 
in a permanent installation are the arm-to-halo 
contact already mentioned, waterproofing of the 
series cnpacitor, and some adequate provision 
for keeping tl10 halo rigid during driving. Any 
flopping of the h:tlo causes intermittent detun
ing, and severe mobile Dutter, in addition to 
that normally encountered. 

Operation on two bands is achieved by chang
ing the point of connection on the halo arm, the 
setting of the variable series capacitor, and the 
spacing of the square-plate capacitor at the ele
ment ands. The plate spacing is changed by 
using n 3:-inch ceramic standoff to hold the 
plates in position for 50 Mc. and changing to 
one ~s inch long to bring resonance down to 48 
Mc., so that it will operate on its third har
monic. 

Resonance must be nchieved before the an
tenna can be matched on eitl1er frequency. This 
can be fac.ilitntcd by use of a grid-dip meter, 
coupling to tho halo near ilie vertical support. 
Resonance docs not need to be exact for 144-
Yic. work, ns the antenna tunes more broadly 
on this band, but it is critical in the 50-Mc. 
band. When it is resonnted near the desired fre
quency range, apply power and move the slid-
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ing clip and adjust the variable series capacitor 
for lowest reilected power. These adjuslments 
must be made with care for either band. 

For 50-Mc. work the clip connection is near 
the outer end of the arm. For 144 it works at 
about 3 to 4 inches out from tho capacitor. With 
a 25-pf. capacitor in series with the arm, tun
ing is near the middle of the rnnge for 50 Mc. 
and close to mini.mum for 144. Prnpcrly ad
justed tJ1e halo works well ove r only about 50 
to 50.5 Mc. without readjustment. In the 2-
meter band, satisfactory operation is possible 
over about half the band without retuning. T he 
range with the antenna set up for 50-Mc. serv
ice seems to be normal for a halo on 6. On 144, 
the antenna seems to give somewhat better cov
erage than the conve ntional 2-meter halo, prob
ably because of its larger size. 

Two-Band Turnstile/Dipole 

The turnstile of Fig. 9-47 can be modiEed to 
work on both 50 and 144 Mc, tJ1ough it is no 
longer a turnstile when this is done in a manner 
which permits it to work on both bands witl1out 
adjustment. It can be converted to a 50-Mc. 
turnstile witl1 loading coils in each element, nod 
the substi tution of a 50-Mc. phasing loop. Or, 
loading coils can be put in one pair of elements, 
and the phasing loop left as it was. Now it will 
work as dipoles for 50 and 144 Mc. though ad
mittedly not as well as either pair of elements 
would do alone. 

The pair of loading coils can be left in place, 
and the system reconverted to 2-metcr turnstile 
service, by shorting out lhe coils, or the coils 
can be removed and the clements replaced in 
their original positions. It can be seen that tJ1ere 
are many options here, and any of t11e modifica
tions are to some extent makeshift, but DX has 
been worked on 50 Mc. with ilie two-band setup, 
and tlie operation on 144 falls off only slightly 
from that of the original turnstile. 

The coils are made of prepared stock, 11~ 
turns each, %-inch diameter, 16 turns per inch. 
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Fig. 9-54-Holo for 50 or 144 Mc. 
P.$ shown it is set up for the 50-Mc. 
bond. Change to 144 is mode by 
moving conneding clip closer to the 
center post, and changing the spac
ing of the copoci tor plates by swap· 
ping the ceramic insulators. 

The originals were of Miniductor No. 3007. They 
slip over half-inch ceramic pillars one inch long. 
The last turn of one coil can be broken loose, 
and bent to adjust ilie element to resonance at 
the desired part of the 50-Mc. band. Disconnect 
the coax, and jump a wire across the center in
sulator, so tliat the two elements are connected 
together. Resonance can ilien be found with a 
grid-dip meter. Remove the jumper, and re
assemble. 

A Neat 50-Mc. Dipole 

Where a horizontal antenna is needed for 50-
Mc. mobile, and a halo is too much of an eye
sore, the dipole of Fig. 9-55 works reasonably 
well and is unobtrusive in appearance. If it can 
be mounted near tlie middle of t11e car the ele
ment ends will not extend far enough to be 
dangerous to passersby. Because radiation is 
largely from the center of a dipole, this design 
works better than one in which the loading coils 
are at the center of the clement, as described 
just previously. The main lobe of radiation is 

Fig. 9-55-Shortened dipole for 50-Mc. mobile service. 
Loading coils ore inseried either side of a solid center 
section. Inserts ore 19 inches long, threaded into form s 
that support the loading coils. See Fig. 9-56. 
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Fig. 9-56- Principal details of the loaded 50-Mc. 
f--1,·- - 1 c, ---- ,,---1 mobile dipole. 

30• 

l 
RG-174/u C,oax 
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/ uG·176/u Atfa,ot.ec 

normally to the rear, with a lesser one forward. 
In stationary operation the element can be ro
tated for best signal. 

As may be seen from Fig. 9-55, thJs horizontal 
dipole has loading coils at equal distances either 
side of center. The dimensions given are one of 
many possible arrangements. They were dic
tated by a desire to use 2-meter turnstile ele
ments for the outer portions, and keep overall 
leng th to about 50 inche.~. 

The 13 -inch rod which is the center portion of 
the dipole is drilled and tapped at each end for 
6-32 thread. The loading coils, L 1 and L 2, are 
mndc in n manner similar to those used wit11 the 
two-band an tenna. Prepared coil stock is slipped 
over Jf by 1-inoh ceramic standoff insulators, 
and the wire ends arc soldered to lugs at each 
end of tJ1e insulators. The element ends are J~
inch aluminum welding rod, threaded 6-32 for 
about one-half iuch at their inner ends. A 6-32 
nut is th readed onto the clement, and this acts 
as a stop when the clement is screwed into the 
insulator. 

The 13-inch center section is supported in a 
lf-incb piece of solid aluminum rod about one 
inch long, with a setscrew running in from the 
top to hold the rod tightly in place. The lower 
portion of the block is drilled to take the vertical 
support, which is ll-inch aluminum tubing. This 
can be any length that will stand the strain; ours 
is 30 incbes long. 

The d iameter of the bottom end of the vertical 
member is riled down just enough so that it can 
be forced into the UC-176/U adapter, which, in 
turn, screws into the PL-259 coaxial plug. Small. 
diameter coax was first used for the feedline, 
bringing it out through a hole in the vertical 
support. T his turned out to be fragile, so a piece 
of zip cord (one co11d11ctor and its covering dis
carded) was substituted and found to work just 
as well. 

Adjustment 

The top end of the line extending through the 
hole as shown forms the an11 of a gamma match. 

c,- 15-pf. dipped mica. 
Li· l :-11 turns Na. 20, %-inch diam., 16 t.p.i. (8 & W 

No. 3007). l 0 tapped 3,4 turn from inner end, or 
as required for minimum s.w.r. Coils are sup· 
ported on V2 by 1-inch ceramic pillars (Millen 

31001). 

The series capaci tor, C 1, was first set up as a 
variable, permitting the right combination of 
capacitance and tap position on L., to be selected 
experimentally-bl1t we're getting ahead of our 
story. 

First the antenna by itself must be resonated 
at the center of the frequency range you want 
to work over. This will be a narrow frequency 
range, a limitation not too important, with most 
6-metcr operation being in the first 500 kilo
cycles of the band ordina rily. T he resonant 
frequen cy can be checked with a grid-dip m eter, 
putting the g.d.o. coil adjacent to the 13-inch 
center scctio11 of the an tenna, close to the center 
block. The trick now is to lrim the lengths of the 
outer clements, or the number of tums in the 
loading coils, until you hit the desired frequency. 
lt will be a sharp indication; when you approach 
the desired frequency, do not trim clements by 
more than one-half inch at a time, or the loading 
coi.ls by more than J!, Lum. Whichever you cut, 
be sure that the same change is made on b oth 
halves of t11e antenna. When you're t11rough, the 
coils shouJd be iclcnticaL and the outer ends of 
the element the same length. 

The antenna used by the writer was trimmed 
for resonance at about 50.25 Mc. The next step 
w;is to find a value of series capacitor, C 1, and a 
point of connection on t11c antenna or loading 
coil, L 2, that would provide a 50-ohm termina
tion for the coaxial line. This was done experi
mentally with the antenna support clamped in a 
vise OD the workbench. A recheck of the s.w.r. 
and operating frequency, when the antenna was 
installed on the car, showed little change. 

Frequency response is about the same as with 
a capacitivcly-loa<lccl halo. Resonated and 
matched at 50.25, the dipole is usable from the 
low end to 50.5 Mc. before the s.w.r. rises above 
2 to 1, a mismatch that is tolerable in n mobile 
setup. 

2-Meter Dipole with Built-In Balun 

A horizontal dipole makes a good 2-meter 
mobile antenna. Nearly all mobile antennas 
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have some directional characteristics, depending 
on their position on the car, so the natural bi
directional pattern of a simple dipole may not be 
too much different from what usually results 
from tlle use of a supposedly omnidirectional 
mobile antenna. 

The dipole of Fig. 9-57 is clean in appearance, 
and it has an invisible built-in balun. Installed 
on a car top it wi.11 have ve1y nearly a true bi
directional dipole pattern, without the distorted 
lobe that usually results from direct feed of a 
split dipole with coax. It is very easy to make, 
and is handy for portable as well as mobile use. 

The construction is similar to tl111t for a turn
stile. A center insulator is mounted at the top of 
a support made of Ya-inch aluminum tubing, of 
any convenient length. The bottom of the sup· 
port is forced into a UG- 176/U adaptor, which 
screws into a PL-259 coaxial plug. The feedline 
is HG-58/U or RG-174/U coax, running inside 
the tubing. The coax should not make contact 
with the tubing at the top. The outer conductor 
is connected to one half of tl1e dipole and the 
inner conductor to tl1e otl1er. The support is 
made to act like a l -to-1 balun by running a self. 
tapping screw in at a point about 18 inches down 
from tlle top, to contact tlle outer conductor at 
that poi.nt. 

The screw is not needed if the support is ap
proximately a quarter wavelength high, as the 
ground will be made automatically by the con
nection of the coax to the PL-259 plug. In fact, 
several different lengths have been tried, and 
the sleeve support seems to work like a balun 
regardless of length. In the dipole pictured the 
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Fig . 9-57- Hori zonta l d ipo le for 2·meter mobile. The 
vertical support is V..·inch lubing , with small coax inside, 
thus serving a s a I : I ba lun. 

grounding screw is about 6 inc11es above the 
fitting (support just over 2 feet high) and the 
radiation from the dipole is a good figure 8, 
wbetlier the screw is contacting the outer con
ductor or not. 1t might be useful to be able to 
ground the outer conductor at this proper point 
in longer supports, however, and it is a simple 
thing to do. Be careful thnt the screw is not run 
in far enough to puncture the inner insulation, 
and short out the coax. 

PORTABLE ANTENNAS 

From earliest times one of the great joys of 
v.h.f. hamming has been "working portable." 
Every entliusiast dreams of someday having a 
station on a mountaintop, \villi an unobstructed 
view for miles in every direction. Few of us 
ever see tllis dream become a permanent real
ity, but with the mobility we enjoy today nearly 
everyone can bring it off for a few hours now 
and then. 

The catch is that even the fi nest v.h.f. loca
tions have a way of turning out to be somewhat 
disappoiuting unless a good antenna is available. 
Halos, whips and the like arc pre tty poor stuff, 
compared with a beam antenna of even mod
erate size. Fortunately, fixing up a v.h.f. array 
so that it can be moved about readily is no 
great task. 

Antennas can be built to encompass many 
degrees of portability. Probably the simplest are 
antennas and supports that come apnrt enough 
to permit tying to a ski rack or other car-top 
carrier. ~ lost manufactured beams are shipped 
l'llocked-down, so dismantling for some porta
bility is no problem. Yagis made for the TV 
trade nenrly always have folding elements, to 
make life easier for the serviceman-installer. 
These can be modilled for amateur bands quite 
readily. Occasionally tlie element ~-pacings cau 

be left as they were in the original, and tlie ele
ment lengths adjusted accordiug to T:ible 9-1. 

The next step is to make your own boom and 
supporting structure, using TV masting. This can 
be cut to the maximum length tllat your car 
storage space permits. Usually something around 
4 feet maximum length is convenient. Element 
mounting methods described elsewhere in this 
chapter can be adapted to portable beams 
handily. The principal problem then becomes 
bow to feed the array, since the two most popu
lar matching systems, the folded dipole and the 
gamma match, do not lend themselves readily 
to quick dismantling and reassembly. 

One thoroughly practical feed metllod is tlle 
delta or Y match, Fig. 8-17A and B, and 9-60. If 
the connection to the driven element is made 
with removable clips ll1e delta provides a con
necting and matching system that can be coiled 
up and carried in your pocket. The bottom of the 
del ta can be terminated in a coaxial balun and 
coax of the desired length, or Twin-Lead c:in 
be used fo r al l or any desired part of the main 
run to the equipment. 

If the portable beam is to be used alongside 
the car the support can be tied or clamped to tJ10 

door handle or bumper. An example of an effec
tive bwnper clamp is shown in Fig. 9-51, and in 
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Fig. 9·58- Portoblo beam sol up for 144 Mc., using 
the bumper brocket of Fig. 9-51. 

nctunl use in Fig. 9-58. A screw-driver or smal1 
stake can be driven into the ground to ancbor 
the bottom of the mast. 

Lightweights for 6 and 2 

1f you're sa tisfied to opcrnte only in high spots 
that are accessible by car, extreme light weight 
is of no great interest, so long as the antenna 
can be taken npart nnd packed away conve
niently in the cur. But you really need the per
formance of a beam when you work a flea
powere<l transistor portable from some remote 
mountain top, miles from the neares t road. If 
you go for this kind of v.h.f. hamming, light 
weight and easy carrying nre of primary impor
tance. The arrnys of Fig. 9-59 were designed to 
be carried on fool. They sacrifice nothing in per
formance for their lightness, so they also serve 
nicely for general-purpose portable operating. 

Provision is made for n 3-clcment 50-Mc. 
beam and a 5-element 2-meter one. The booms 
are duplicates, so that one can be used for 
either band, or the two nntcnnas can be set up 
together. All the material for the 2-band setup, 
with booms, 15-foot vertical support and feed
lioes, adds up to less than 5 pounds. It stows in a 
canvas golf bag, as seen in Fig. 9 -61. ln more-or
less this form they have served the author in 
v.h.f. portable ventures from Maine to Cali
fornia and the Canadian Rockies to Florida. 
They evolved gradually, being made ever 
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lighter and easier to set up, until it is felt that 
they are now near the ultimate in portability and 
performance. 

The 3-Element 50-Mc. Yagi 

The booms are %-inch aluminum tubing, 
originally two 6-foot pieces, now cut into 4 3-
foot sections. An insert at the center made of 
~-inch copper pipe joins two 3-foot pieces to 
make a 6-foot boom. This size is a nice sliding 
fit inside %-inch hardware store aluminum lub
ing. A TV-type U clamp holds the boom to the 
vertical support. Drilled as shown in Fig. 9-59 
the boom supports the center sections of the 
elements for either beam. The 50-r-lc. clements 
are ~-inch alwninum tubing, with Lheir ends 
drillc:<l one inch deep with n No. 5 drill, to take 
collapsible whips that make up the balance of 
each element. Vario\1s sizes of tJ1ese whips can 
be found in distributor catnlogs. Ours nre La
fayette Type 99-C-3005, 0.210 inch in dinmeter 
at the base, and 47 inches long, extended. 

Because these whips are very thin at the outer 
ends, the elements must be made several inches 
longer than would be the case for normal ele
ment diameters. 

The driven element is 120 inches, the reflec
tor 124 inches, and the director 114 inches. 
With 47-inch whips inserted to a depth of one 
inch, center sections should be as follows : re
flector 32 inches, driven element 28 inches, and 
director 22 inches. The elements can be held 
in place with clips in the manner shown for sev
eral other antennas in this chapter, or self-tap
ping screws can be run through the top of the 
boom, to bear on the element midpoint. The 
ends of the center sections are slotted with a 
hacksaw, and a small wrap-around clamp is used 
to squeeze the ends tigl1tly around the whip. 

The array can be fed conveniently in two 
ways, as shown in Fig. 9-60. The simpler is the 

0 0 
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Fig. 9-59-Detoils of the porloblo beams for 6 and 2. 
One boom con serve for eilhor array, or two sets of 
hardware con be made, pormitting simultaneous 
operation on two bonds. Tho hole just bock of tho 
U-clomp holes is used for both 6· a nd 2-meter ele
ments. 



Mobile Antennas 

-< 15" 

y 

JI 

300-ohm_ J 
-rw1i1-Leaa 

C3 

219 

fig . 9-60- Two methods of feeding the 50-Mc. portoble orroy. A half-wove bo lum ond o delto motch of 
flexible wire ore shown of A. The Twin-Leod de lta ond line, with odjustob le ontenno coupler, S, permits use 
of the orroy over 0 wider frequency ronge. Wilh rcodjuslmenl, it provides Cl constonl lood for the tronsmitter, 

from 50 to 52 Mc. 

C1-75-pf. mi nia ture vorioble (Hommorlund MAPC-75B). 
C:-11 ·pf. mi nia ture butterfly vorioble (Johnson 160-

211). 
C:.--30-pf. minia ture mico trimmer (ARCO) 
Ji, J:-lnsuloted tip jack. 
J:i-BNC fitting. 

delta and balun, A. This works fine at tl1e de
sign frequency, but the s.w.r. rises quickly on 
either side. If an antenna coupler is used, at B, 
the useful frequency range of the array can be 
extended considerably. A small coupler unit C<ln 
be connected at the bottom of the delta, and 
coax run from there to the equipment, or pnrt of 
the transmission line can he Twin-Lend or other 
balanced line. This can be any length, though 
the electrical half wavelength shown is a good 
system. 

With the short lines normally used in a port
able setup, this array works extremely well, and 
i t~ gain and directivity are very helpful in 
working out with low-powered gear. \l\lhen the 
coupler is used, and retuned For each Frequency 
change, the system can be matched perfectly 
over the first two megacycles of the band. Gain 
is 6 db. or better from 50 to 51.5 Mc., and in 
excess of 7 db. in the most-used lower part of 
the band. 

L1- 15 tu rns No. tin ned, \ti-i nch dio., 16 t.p .i. Top ol 3'h 
a nd 11 \.7 turns. 

L,-3 turns insulated hookup wire, around center of Li. 
Coupler is assambled in o 1-% by 2 by 311.i-inch 
Minibox, with the tip jocks ot one end ond the 
cooxiol connector ot the other. 

The 5-element 2-Meter Beam 

T he boom for the 14'1-Mc. antenna can be the 
one used for 6-meter operation, or it can be 
another made similarly. The center sections of 
the 2-meter antenna are J.1-inch aluminum 
rods, with their ends drilled and tapped 6-32, 
to a depth of Jf inch. Element extensions are 
)~- inch aluminum wire or welding rod, threaded 
6-32 at the inner end. To prevent confusion in 
assembling the antenna, t11e extensions are all 
the same, and the center sections are made pro
gressively shorter, b<1ck to front, to give the op
timum element lengths. The dimensions given 
in Fig. 9-59 are for best performance from the 
low end to about 145.5 Mc. 

A delta and balun are used with this array 
also. The arms of the delta are 4 inches long, 
including the alligator clips used for connecting 
to the driven element. Pieces of zip cord make 
Hexible long-lasting delta arms. The balun loop, 
of RC-58/U coax, is 27 inches long. 

ANTENNAS FOR 220 AND 420 MC. 

Since physical size must be maintained as we 
go to progressively higher frequencies, if com
muDications effectiveness is to be maintained, 
the m1mber of elements i.n large arrays for 220 
or 420 Mc. tends to stagger the imagination of 
users of lower bands. On the other hand, a 
half wavelength becomes of such proportions 
( roughly 2 feet on 220, 1 foot on 420) iliat 
higb-perfom1ance beams are not difficult to 
build and adjust. 

Antelllla work at these frequencies is an ab
sorbing field in itself. There is no better way to 
work out pet antenna ideas tlian with models 
built for 420 Mc. If reasooabfe care is used in 

Fig. 9-61 -Beams for 6 a nd 2, wilh 15-foot vertical sup
port ond oil hordwore, ready for trovel. 



220 

scaling signi6cant dimensions, models can sup
ply answers in a few hours of interesting work 
that would take days (and dollars) to work out 
on some lower frequency-if, indeed, they 
could be developed s:itisfactorily there at all , 
by amateur methods. 

One frequently hears the statement, "Yagis 
don't work on 4201" This is a completely false 
notion that is mainly the result of the workers 
having neglected the question of scaling. Yagis 
and most other kinds of antennas work just as 
well on 220 and 420 Mc. as on any lower fre
quency, if they are made and fed properly. 
Anyone interested in working the full band, 
420 to 450 Mc., would be fooll1ardy to use 
them, but whcro operation is confined to a nar
row segment like 432 to 436 Mc., for example, 
frequency response should be no problem. This 
is likely to hold for 220-Mc. work as well, as 
activity is frequently channelled to one part of 
that band, by mutual local agreement. 

Linc losses are a problem at these frequen
cies. As pointed out in Chapter 8, the best line 
may be none too good. Matching is important, 
particularly if any real antenna evaluation 
work is to be undertaken. Line radiation is 
troublesome, and must be countered with ev
ery reasonable precaution. 

Basic antenna systems already described 
work well on both 220 and 420. Collinear ar
rays may be huilt using the midband dimen
sions of Table 9-1 and the mechanical arrange
ments suggested for 144-~lc. arrays, except that 
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most parts can be of smaller cross-section and 
lighter in weight. In aU-mctal construction of 
collinears or Yagis, clement and boom diame
ters should be kept in scale with the 144-Mc. 
designs, insofar as possible. A 12-inch element 
running through a U:-inch metal boom, for ex
ample, is out of place in a 420-Mc. array. 
Hard-drawn aluminum wire or welding rod, 
preferably not larger than 1' inch in diameter, is 
good for elemcnL~. Dooms no larger tJ1an lf inch 
are recommended, if made of metal. 

~latching methods follow the basic principles 
detailed in Chapter 8, but the smaJJ physical 
proportioM of the :1dj11stablc Q section and the 
universal stub make these probably the most de
sirable matching devices. 

Plane antl corner reflectors assume practical 
proportions. \.Yherc broatl frequency response 
and high front-to-back ratio are desired, driven 
elements backed up by a wire {,trid or metal 
screening make a One antenna. This is particu
larly inviting where two bands must be taken 
care of with a single strnclure, since elements 
can be mounted on opposite sides of such a 
reflecting plane. The gain of a screen reflector 
array is little affected by the spacing of the ele
ments from the reflector, but there is a marked 
change of impednnce when the spacing is 
changed. (See Fig. 8-9, 180-dcgree curve.) 
From this it is clear that matching to a transmis
sion line can often be achieved by selecting a 
suHable spacing by experiment, if the impedance 
of the system is not k11own. 

WOOD-BOOM YAGIS 

FOR 220 AND 432 MC. 

Moderate-size Yngis for tl1e 220 and 420-Mc. wiJJ be more like ~ by ;' inch.) Be sure that it is 
bands can bu built at very low cost, and with str11ii~h t, dry and free of knots. Take the mun's 
only simple tools, iJ the suggestions of Figs. 9-62 advice as to which kind of wood will be best 
and 63 arc followed. Booms are 1 by ! -inch for out-door use, as available stocks vary around 
wood, available in any lumberyard. (Your deal- t11e country. Ours wns red cedar. Prime and 
er wi ll ca lJ it "one by one" but the actual size paint it well, if you want long life. 

,.K ,. p. l Blocks 
1 

• wood boom ~ IJ 
~Wz~ 6ft.lo11g Aoo"'-. Fo!deddipole~; ~=:..r---,___,!c._ weldiJu; rod. Tltrt:ad 
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_ ~~~~ , J.=exdffor4·4011liis 

=-===- - · Bf!Jtd acowt.d 
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Fig. 9-62-Detoils of o 6-foot 
1 l·clement Yogi for 432 Mc. 
The squo re boom o nd one 
polystyrone mounting block 
for the driven element ore 
shown ot A. The blocks, ele-
ment and boom ore shown in 
detoil in the end view, B. 
Matching stub, C, fastens to 
ends of the driven element, 
ond is mounted under the 
boom between two poly 
blocks. Element lengths and 
spacings for tho middle of 
the 420·Mc. band ore shown 
in the side view of the com
plete array. 



Yagis for 220 and 432 Mc. 

An 11-clement array is shown for 432 Mc., 
and a 7-element one for 220 Mc., both using 
element spacings and lengths that nrc close to 
optimum for gain. The antenna should be sup
ported near its mechanical balance point, rough
ly 2 feet from the reflector end. If n TV-type U 
clamp is used, it is well to bend up a U-shapcd 
metal plate the width of the boom and about 
3 inches long, and slip it over the boom at the 
point where the holes arc to be drilled for the 
clamp. This protecl~ the boom from crushing 
when the U-clamp nuts arc tightened, and 
leaves it strong enough to stand up well with
out bracing. 

Parasitic elements in the models tested were_ 
made of %~-inch a luminum welding rod, which 
can be purchased very reasonably at welding 
supply houses. Usually it comes in 3-foot 
lengths. Any stiff wire or rod up to Jij inch diame
ter will do. Drill the boom with n size that will 
just take the elements with a force flt, tJ1cn run 
a J~-inch brass or aluminum screw into the boom 
to bear on the element and hold it in place. 
The screws can then be bonded together and 
connected to grounds for lightning protection, 
if desired. 

The driven elements origina!Jy tried were 
step-up folded dipoles similar to those used in 
the l44-'.\1c. Yagis, but it was found that these 
did not work well at 220 and 432 ~le. This is 
probably the result of the spncing between the 
two parts of such n dipole being n considerable 
portion of a wavelength at these frequencies. 
The 432-~.fc. Yngi was made with a driven cle
ment of the same material as the parasitic ele
ments, mounted as shown in Fig. 9-62 A and B. 
Blocks of insulating material ll inch thick and 
rn inches square are fastened to the boom with 
two !~inch brass screws and nuts. The upper 
portion of the dipole runs through the boom, 
ju~t above the center, and the lower is held in 
place with 4-40 nuts on either side of the in
sulating plates, as shown in the end view, B. 
The =~~2-ineh rod is easily threaded for 4-40, if 
this is done before the element is bent. The 
total length of the wire is about 25 inches. An 
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alternative to threading is to hammer the ends 
Hat, and drill for 4-40 screws. 

The antenna is matched by means of a uni
versal stub, C, made of the same material as 
the elements. It shouJd be cut about 15 inches 
long, and suspended under the boom. An ad
justable short and two sliding clips for connect
ing the transmission line or balun are provided 
for adjusting the matching. The ends of the 
stub that connect to the dipole are pounded 
fiat with a hammer, and then drilled to pass the 
threaded ends of the dipole. These are held in 
place by the 4-40 nuts shown in B. A ceramic 
cone standoff insulator (not shown in the draw
ing) is fastened to the underside of the boom. 
Two pieces of polstyrene similar to that used 
for the dipole mounting blocks, one above and 
one below the matching shtb, are fastened to 
this cone, clamping the stub in place. 

The short and the point of connection of the 
balun are adjusted for zero reflected power, as 
indicated in an s.w.r. bridge connected in the 
line. The bridge ~hould be at a point in the 
line a multiple of a J1alf-wavelength from the 
antenna, for the greatest case of adjustment. 

The 220-Mc. Yagi can be made in the manner 
just described, using a dipole made of a single 
piece of wire. A variation of the ratio-type 
folded dipole was made for tJ1e 220-'.\lc. an
tenna as shown at B in Fig. 9-63. Here a flat 
.; trip of aluminum comprised the fed portion of 
the dipole, and a %-inch lube the unbroken por
tion. The altm1inum strip is bolted to the under
side of the tubing at tl1<! outer ends. The slope 
down to the feed point at the polystyrene 
blocks determines the impedance. With the di
mensions shown the array can he feel with 52-
ohm coax and a balun, connected to the lugs at 
the insulating plates. The s.w_r_ is under 1.5 to 
1 from 220 to 224 '.\le., with optimum match 
at about 221.5 ~le. 

6-Bay 220-Mc. Yagi Array 

Six of the 7-element Yagis of Fig. 9-63 can be 
combined in a high-gain 220-Mc. system with 

fx !i Alwwuu1t 
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Fig. 9-63-7-Element 220-Mc. 
Yogi on a 6-foot wood boom. 
Poly blocks each side of the 
boom support the modified 
folded-dipole driven element_ 
lotter has sloping lower por
tion, for matching 52-ohm 
coax and balun, connected 
to lugs at the bottom of 
sketch B. With element 
lengths a nd spacings given in 
the side view of the orroy, 
opt imum performance is ob· 
toincd over the first 3 lo 4 
megacycles of the bond. 
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the pbasing and matching arrangement shown 
in Fig. 9-64. This has also been used with com
mercially-made Yagis of short or intermediate 
lengths. If the booms arc much over one wave-
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Fig. 9-64- Phasing and matching ha rness for the 220-
Mc. array. The 6 driven elements arc connected at 
points marked 0. No transpositior> of the lines is made 
al a ny point. Main transmission line can be ony im
pedance, if paint of connection on the stub is adjusted 

for minimum $.W.r. 

length long, however, more gain can be ob
tained by going to two wavelengths spacing 
between bays, as in the 432-Mc. array of Fig. 
9-65. 

The feed impedance of the individual bays 
need not be known for combining them in this 
way, so long as they are all the same, and are 
intended for balanced feed. In the H-sbaped 
phasing system all parts arc the same length (one 
wavelength, or 53 inches). Connection points 
for the 6 driven elements are indicated by D. 
The universal stub, lower center, tunes out any 
small reactance and provides matching for the 
main feedline, regardless of type or impedttnce. 
I t is two p ieces of ~-inch copper tubing, spaced 
ll.1 inches, 28 inches long, mounted on cernmfo 
standoffs attached to aluminum clamps on the 
main support. 

No precise dimensions are given for bay spac
ing, as this is not critical and can be detem1ined 
by the way the array goes together wher phas
ing lines of the right length are used. Days 
should be tightened in place wbere tJJc lines are 
without appreciable slack. Do not put tension 
on the phasing lines_ as thi~ will pull the booms 
out of alignment. The horizontaJ spacing leaves 
approximately % wavelength between the inner 
element ends. 

2-BAY AND 4-BAY ARRAYS 
FOR 432 MC. 

T he 11-element Yagi of Fig. 9-62 can be 
used effectively in stacked pairs, or in a 4-bay 
system, as shown in Fig. 9-65. For convenience 
in stacking, delta-matched driven clement~ are 
used, with open-wire phasing lines and a uni
versal stub. All director clements arc as in Fig. 
9-62. The driven element is 13 inches long, 
and the reAector is 13J.l inches. Essential me
chanical details of the supporting frame arc 
shown in Fig. 9-66. 

The dimensions of the fanned-out portions of 
the phasing lines are not particularly critical, so 
long as all four arc tho same. The sides of the 
delta are about 2 inches long, and they fasten 
to tl1e driven elemunt about .L~~ inches each side 
of the center point. The phasing lines can be 
Jf-inch spaced T V line, thoug h No. 12 or No. 
14, with a minimum of spreaders, preferably 
Teflon rod, will he much better and more dur
able. The lines should he supported on stand
offs at several places, lo prevent Acxing at the 
conuection points. 

Construction 

All-wood construction was used for low cost, 
ease of assembly, and freedom from worry over 
large amounts of metal in the lleld of the array. 

Lightweight wood design would be none too 
strong for large arrays on lower frequencies, but 
at 432 i\lc. the wood frames are sturdy enough 
to stand up longer than most u.h.f. enthusiasts 
wilJ want to stay with one array. 

The wood is mostly l X l stock. Like all 
lumber dimensions for width and thickness, this 
is a misnomer. The actual size is likely to be 
more nearly ;:~ by iii incl1cs, but this is not im
portant for our purposes. It merely makes it 
impossible to give precise dimensions for tJ1e 
supporting frame. Get good-qunlity dry wood, 
&cc of knot~, and preferably a kind tJ1at is not 
subject lo severe warping. Most lumber deal
ers will be glad to advise you on the best mate
rials for outdoor use, a nd available woods vary 
around the country. 

The holes for the elements arc drilled the size 
of the elements or sUghtly smaller, and tho cle
ments are forced into p ince. Half-inch brass 
wood screws tJiat run in from the top or bottom 
hold the elements in position firm ly. 

Bracing can be whatever the wind and 
weather conditions in your locali ty demand. The 
principal feed details of the arr.1y are given in 
Fig. 9-65. At the left is tJ1e assembly for two 
of the 11-element bays. The main vertical mcm-
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Fig. 9-65-Phosing orrongcmonts 
for two and four 11-elomont 
Yogis. Soy spacing of approxi
mately two wave lengths is set by 
the length of the phasing lines. 
The universal stub matching de· 
vice may be used with any type 
of transmission li ne, os well as 
with the coa xial line and ba lu n 
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ber, also l X 1, is held pcr, .. :uclicular to the 
booms by means of gusset plalt:s of J.1-inch Ma
sonite, as shown at tho right. H only an ll-ovcr-
11 is to be built, this verticul member can be 
dispensed with, and the bays clamped to the 
main vertical support by menns of U clamps. 

\:Vhen four bays arc to be used additional 
bracing is needed, and the gusset plates and for
ward bracing become necessary. The front brace 
is Jf X 1-inch stock, bolted hctween the two 
booms to keep them in alignment. The two 
vertical supports with tho gusset plates are lied 
together horizontally wilh two l X 1-inch cross 
braces and a lX 2-inch main support, as shown. 
Not shown in the sketch are two Jf x 1-inch 
wood sway braces that run fr'ln- the mid-points 
of tl1e two forward vertical braces to the 1 X 2-
inch main horizontal member. These are held in 
place by small brackets cut to flt from sheet 
aluminum. The main vertical support, not 
shown, is rn. or Hf-inch round closet-pole stock. 
This is inexpensive and sl-rong, and there is no 
extraneous metal in the arra)• proper. 

To make the wood members reasonably dur
able and waterproof they were sprayed with 
Krylon before assembly. The /\lasonite gusset 
plates were also well soaked with lacquer spray. 

NO. t4 SPACED 111.• 
5Z
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AN O BALUN 

NO. IZ SPACED 
~£. 15°LONG 

The whole assembly was painted with ordinary 
outside white house paint. 

Adjustment 

Matching tl1e array should be done with the 
bottom bay at least four feet above ground, if h1 
the position that it will be in use; thnt is, with 
the booms horizontal. The region in front of 
the array should be free of trees, buildings, wires 
or any other material~ or objects tl1at can reflect 
432-Mc. energy. A high-gain array has u strong 
field out front. An appreciable reflection back 
has a marked effect on its impedance. If you 
don't have a good large open area, prop the 
array up with tl1e vertical support in a horizontal 
position, and the four booms pointing straight 
up. Ground under the array will have little or no 
effect on its impedance in this position, as tl1e 
power racliated off the back is negligible, for this 
purpose. 

\Vith an s.w.r. bridge in the coaxial line near 
the antenna (preferably some small multiple of a 
wavelength away), adjust the short on the uni
versal stub and the point of connection of the 
balun for zero reflected power. Once the proper 
points are found, permanent connections can be 
made. 
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Fig. 9-66-Mechanicol details of lhe 432-Mc. arrays. At the left is a side vi ew of the 44-element system. Tho 
Masonite gusset plates used to hold the array in al ignment ore mode a s shown al the right. The array is sup· 
ported on a round wooden close! pole, fastened to the three horizontal members in the sketch ct the left, by 

moans of U clamps. 
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A 48-ELEMENT COLLINEAR 
FOR 432 MC. 

The high-gain 432-Mc. collinear of Figs. 9-67 
and 68 is inexpensive, and easy to build and 
adjust. Though l.ight in weight and mostly made 
of wood, it survived two rough winters in a hill
top location. Materials can be obtained any
where, and only the simplest tools are needed 
in its construction. 

Basically it is made up of four 12-element 
collinears, each having six half-wave driven ele
ments, with reBectors. These are arranged in a 
square and connected by 2-wavelength phasing 
lines of open TV line, spaced J~ inch. To help 
to clarify this, in Fig. 9-67 the driven-element 
sets arc numbered l and 2, at the lef t, and 3 
and 4, at the right. The phasing harness is 
shown separntcly, with terminals corresponding
ly numbered. At tl1e center is a universal stub 
(see Fig. 8-18 ), permitting the array to be fed 
with any balanced line, or coa.x and a balun. 

\Ve have ignored tl1c 24 reflector elements so 
far, as they arc not connected electrically, and 
showing lhem only complicates any drawing. 
They arc 13J: inches long, and placed approxi
mately 5Jf inches in back of the driven elements. 
The latter dimension has little significance as 
far as performance is concerned. 

Most details of the supporting frame are in 
Fig. 9-68. The four vertical members, A, the 
two smaller horizontal braces, B, and the 24-
element supports, C, are all " l by l" stock. This 
won't cost much, so get the best you can; free 
of knots and well dried. Take your lumber
man's advice as to the kind of wood; the best 
available varies from one section of the country 
to another. As with alJ lumber, the actual size is 
less than the trade size, so the assembling can 
he done with 2-inch brass 6-32 screws, washers 
and nuts. These are indicated in the front view. 

The element supports, C, are held in place 
with 2-inch brass wood screws. Drill holes in 
the A pieces just large enough to pass the 
screws, and in the ends of lhe C pieces about 
half the screw diameter. Now drill all the ele
ment holes. Paint all surfaces with a priming 
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coat, and let it dry thoroughly. Coat the inner 
end of the C pieces with a good glue or ce
ment, and screw them in place 6nnly-but don't 
overdo it. After the glue is dry, paint the frame 
again. 

The clements can be about any conducting 
material: aluminum wire, welding rod or what
bave-you. Put in the reflectors first. They are 
not centered exactly in the supports, but rather 
are placed so that their inner ends are about % 
inch apurt. Put a lf-inch brass wood screw into 
each support to bite lightly into tl1e clement 
and hold it in place. This is also clone with each 
driven element. 

Each set of six half-wave clements and inter
connecting lines requires only four pieces of 
wire. At the upper left of Fig. 9-67, E, F, G 
and II arc one piece, and J, K, L and M are 
another. Elements N and 0 are made from 
pieces of wire about 13~ inches long. Pound 
one end of each Bat on an anvil, wrap it ':\round 
a wire or rod of the same diameter, and drill 
through the overlapping flnt portions for a 4-40 
screw. This makes a loop that can he clamped 
tightly to the midpoint of the interconnecting 
lines. 

For E-F-G-H and J-K-L-M, cut pieces about 
52 inches long, feed them through the proper 
holes in the C supports, and bend so that the 
clements arc 12Jf inches long, with inner ends 
about Jf inch apart, nnd the phasing sections 
are arranged as shown in the sketch . Spacing 
at the cross-over points can be done with %-inch 
nylon or teAon rods, about H: inch long, and 
either drilled or notched to pass tl1e phasing 
wires. Drilling is best, but it creates somthing 
of a "threading" problem in .assembling the ele
ments and phnsing lcntls. We gave it up after 
an initial try, and rew1·lcd to notched insula
tors, cemented in place with epoxy glue. They 
have never come loose in nearly two years on 
the tower. Spacing of the lines should be main
tained at~ inch or less. 

Elements N and 0 nrc wrapped around tl1e 

3 J_ 
l-uf-1:E~-

(A) 

:E± 
(B) 'T 

---J_---... I 
Fig. 9·67-Element details and 
phasing harness for the 48-ele
mont 432-Mc. collinear array. Re
fl<>ctors, not shown, a re 13% 
inches long, with their inner ele
ment ends lA inch apart. Phasing 
harness, B, shou ld be spaced no 
more then 'h inch. Mein Irons· 
mi ssion line can be coax or bol
onced lino. 

I 1--l'Na.x. 



432 Mc. Collinear 

Fig. 9-68-Details of the wooden supporting frame far 
the 432-Mc. collinear array. Vertical members, A, ore 
1 by 1 by 69 inches; horizonta l braces, B, 1 by 1 by 54 
inches. Element supports, C, are 1 by 1 by 7 inches. 
Center brace, D, is 1 by 2 by 54 inches. Assembly 
dimensions ore given on the drawing . 

phasing leads and clamped in place. Trim each 
to Hrn inches over-all length, if necessary. ·when 
all elements are in place and they and their 
phasing sections are lined up properly, put in 
l~ inch brass wood screws bearing on each ele
ment to hold it permanently in position in its 
C support. 

The phasing harness, 1-2, 3-4, and connecting 
line, is made of Jf-inch open TV line, each piece 
53~ inches long, this being 2 wavelengths as 
checked out for resonance with a dip oscillator 
at 432 Mc. Connection is made to the four sets 
of driven elements by soldering to lugs under the 
nuts that hold the center elements in contact 
with the alumii~um phasing leads. The lines are 
longer tl1an needed, physically, but the extra 
length permits looping them back to supports 
attached to the frame. TV hardware is useful 
here. Make all phasing-line bends on as large a 
radius as possible, and try to keep junctions 
perpendicular. 

The universal stub can be any convenient 
material. The clement wire was used in the 
original, 16 inches long, with the conductors 
spaced about 1 inch. When tlie proper points 
for the sliding short and the line connection are 
found, be sure tha t tight permanent connec
tions are made. The excess of the stub below the 
short can be cut off, and the stub grounded for 
lightning protection, if desired. In the original 
the stub is mounted on brackets attached to the 
center vertical support, not shown in tl1e sketch. 

A U-shaped clamp of sheet aluminum holds 
tl1e brace D to the supporting mast. Sheets of 
metal on each side of the brace prevent damage 
to the wood when it is clamped tightly in its 
final position. A similar but smaller clamp and 
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1 
plate arrangement was made for the lower B 
member, to steady the assembly. 

Adjustment for matching was done with tl1e 
beam in a horizontal position, aiming straight 
up. Two different feed systems have been 
used: a coaxial line and balun, and a balanced 
line. With the latter, tubular transmitting Twin
Lcad runs from the stub to an anchor at the top 
of tower. Here it joins a 100-foot run of No. 12 
wire, J~-inch spaced on teflon spreaders, one ev
ery 6 feet. This line is pulled up tightly and is 
straight throughout. At the house encl there is a 
grounded adjustable short, and a balun connec
tion, to complete the run to the antenna relay. 
The short and balun connection are adjusted for 
zero reflected power on this short section of coax. 
A rniJd s.w.r. exists on the balanced line, but this 
is of no consequence, tl1e total loss having 
been measured at under 1.6 db. 

The array has a very sharp main lobe, with 
two fairly large minor lobes on either side
an inescapable consequence of tlle wide spacing 
between bays. nesponse is sufficiently broad for 
uniform results over at least 4 lvlc. in the v;cinity 
of 432 Mc., when the shtb is adjusted at the 
middle of the desired frequency range. 

THE CORNER REFLECTOR 

Corner and plane reflector principles were 
d iscussed in some detail in Chapter 8. The cor
ner requires but one driven element, and is 
capable of giving a very clean pattern and mod
erate gain, with very broad· frequency response. 
At 220 and 420 Mc. its size begins to assume 
practical proportions. 

The corner angle can be 90, 60 or even 45 
degrees, but the side length must be increased 
as the angle is narrowed. The driven element 
spacing from the corner can be anytl1ing from 
0.25 to 0.7 wnvelength for a 90-degree corner, 
0.35 to 0.75 for a 60-degree one, and 0.5 to 1 
for a 45-dcgrce corner. Feed impedance for 
various corner angles and spacings was given 

in Fig. 8-9. Since the spacing is not critical as 
to gain, variation of it may be used to achieve 
impedance matching. 

Gain with a 60- or 90-degree comer with 
!-wavelength sides runs around 10 db. A 60-
degree corner wiU1 2-wavelengtli sides has 
about 12 db. gain. It will be seen that this is 
not outstanding for the size of such an array, 
but there are otl1er advantages. A corner may 
be used for several bands, for example, or per
haps for u.h.f. television reception, as well as 
for amateur u.h.f. work. 

A suggested arrangement for a corner reflec
tor system is shown in Fig. 9-69. Sheet metal or 
wire mesh may be used with equal effective-
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ncss for th e re flecting plane. A series of spines, 
as shown, is equally good, if the space between 
them is kept under 0.06 wavelength a t the high
est frequency for w hich the reflector is to be 
used. T he frame mny be made of wOt)d, with a 
hinge at the corner to facilitate portable work 

I 

-V.H.F. ANTENNAS 

I 

Fig. 9·69- Cons1 ruc
tion of a corner-re
lled or array. Frame 
con be wood or metal. 
Reflector elements ore 
stiif wire or tubing. 
Dimensions for three 
bonds oro given in 
Tobie 9-11 . Reflector 
clement spacing, G, is 
lhe maximum that 
should be used for 
tho frequency; closer 
spocings are optional. 
Hinge permits folding 
for porloble use. 

or assembling atop a tower. P rincipal dimen
sions for corner reflector arrays for 144, 220 and 
420 !\le. arc given in T able 9-II. T hese dimen
sions are not at all critical, because of the broad 
frequency response of any plane-reflector sys
tem. 

TABLE 9-Il 

D imensions of Comer-Reflector Arrays for 144, 220 and 420 Mc. 

Dipole 
Side to Reflector Reflector Corner Feed 

Length Vertex Length Spacing Angle Tm-
Band ''S" "D'' "L" "G" '""V> .. pedonce 
(Mc.) (Inches) (Inch es) (Inches) (Inches) ( Degrees) (Ohms) 

144° 65 27.5 48 1r. 90 70 
144 80 40 48 4 90 150 

220° 42 18 30 5 90 70 
220 52 25 30 3 90 150 
220 100 25 30 screen 60 70 

120 27 8% 16J~ 2% 90 70 
420 54 13)~ 16).( screen 60 70 

0 Side length and number of reflector elements somewhat below optimum 
-slight reduction in gain. 

BROAD-BAND ANTENNAS 

In addition to utili;:ing hr1rmonic resonances, 
as in most long-wire nntcnnns, there are several 
ways to make an antenna work on more than 
one band. Most arc variations of the broad-band 
dipole principle, in which the radiating ele
ment is modified in shape so that it has no pre
cise electrical lcnglh. The "'conical" and "'bow
tie" antennas of v.h.f. and u.h.f. n1 usage are 
familiar examples. In all such antennas the net 
effect is to make Lhc transmission line gradu-

ally b ecome the antenna, the point at which 
this happens varyiJ1g with frequency. 

A would-be v.h.f. enthusiast who must have 
an unobtrusive an tenna that will work on 50 
through 220 ~le. could do worse than to put up 
a TV conical. Its pattern will be far £rom per
fect, and its gain low, but it will work after a 
fashion. Similarly, u.h.f. bow-tics nnd comcr
reflector antennas have been pressed into serv
ice on 432 Mc. in a pinch. Performance of tbe 
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Fig. 9-70-The log-periodic arroy for 140 through 450 Mc. looks liko o Yogi when viewed from lop or bottom. 
Actuolly it hos two electrically·seporate booms, each with o set of clements orronged os shown in Fig. 9-71. 
Block ob jects ore wood-block spacers for tho booms. Des ign is by K7RTY. 

TV conical on 50 ~re. may be improved slight
ly by extending the elements 3 or 4 inches. 

A 3-Band Log-Periodic Array 

A more esoteric idea is the basis of the "log
periodic antenna," now widely used in military 
and commercial stations where many frequen
cies must be employed to maintain communica
tion in the h.f. range. In theory, the frequency 
range of this type of antenna is almost unlim
ited, and i11 practice a spread of 4 or 5 to 1 is 
not uncommon. Arrays of this kind can take 
many forms. A simple version by K7 RTY is 
shown in Figs. 9-70 through 73. 

As author Heslin put it in his June, 1963, 
QST article: "This is an antenna whose reso
nance transfers smoothly from one element to the 
next, as the frequency is raised." More on the 
principle of the log-periodic antenna may be 
found in a November, 1959, QST treatment by 
Milner, WlFVY. 

Fig. 9-71 - Dimensions for one section 
of the log-periodic v.h.f. array. The 
finished array consists of two of 
these sections, mounted one above 
the other, to give the oppearonce of 

Fig. 9-70. 

The version described here is not readily 
drawn or photographed in its complete fonn, 
to show full details. It has two booms one above 
the other, as shown in the sketch of the short 
(front) end, Fig. 9-72. Elements are progres
sively l011gt·r and wider spaced ns we move to
ward the bnck of the array. T he array is fed 
with coaxial line, which runs inside the lower 
boom its entire length. The outer shield con
nects lo that boom, and the inner conductor to 
the upper. Each boom has a set of staggered 
clements, as shown in Fig. 9-71. These nre as
sembled so that when the antenna is viewed 
from directly above or below it appears some
what like 11 long Y:igi, as in the photograph. The 
two boom.~ arc maintai ned rn ind1cs apnrt, by 
means of wooden blocks. 

Frequency response is determined by the 
shortest 1md longest clements. The example is 
quite u nifo.rrn in gain and feed impedance, from 
140 to ,150 Mc. Cain over this entire range is 



228 

Saw 

Cotler ~ 
conductor..,.,..- , 
connects 

t.o this 00011(, 

V.H.F. ANTENNAS 

J'ltieid connects 

t 
t,o this boo11t 

&a:t fiedlUte 
Fig. 9·72-The two booms of the wido·band orroy ore kept in olignment ond insulated from eoc:h other by 
three wooden blocks, left. Short end of the orroy, right, shows how the array is fed. Lower boom, with 
coax inside1 ads as on infinite balun. 

roughly what wouJd be expected from n 3-ele
ment Yagi for aoy one frequency. 

The element mounts were mndo from inex
pensive TV antenna parts, modified to take an 
element with a threaded end, ns shown. K7RTY 
used ~~-ioch rod for element~, but other sizes 
are suitable if a mounting method is nvailable. 
Note: that two assemblies like t·hnt shown in 
Fig. 9-71 are required. These must be held in 
alignment, but insulated from each other. 

An array of similar electrical properties was 
made by WlCUT, using ~-inch nluminum 
channel stock for the boon1s, and threaded-end 
:~-ioch aluminum rod for clements. The coaxial 
line ran the length of one of the chnnnels, ap
pnrcntly :;crving as an "infinite balun" in the 
same way as in the K7HTY version whore the 
coax runs inside the boom. This army was 
tested and found to have nn s.w.r. under 2:1 at 
144, 220 and 432 Mc., nnd gain avcrnging 6 
db. over this range. 

The log-periodic, in common with all broad
band arrays, does not give something for noth
ing. Gain is very low, compared with what a 
Yagi of the same physical size would deliver on 
one frequency, but the principal weakness is its 
broad-band nature. Being almost equally cffoc
tive across more than a 3-to-l frequency 
range, the antenna presents very much more of 
a problem with spurious receiver rcst1onses than 
does a Yagi, with the latter's inherent selectiv
ity. By the same token, greater care must be 
exercised in keeping down spurious products in 
the transmitter. The log-periodic will accept 
power on any frequency in ils wide range, and 
radiate it with some gain. This is quite a dif
ferent matter from worl-ing with a Yagi that has 
gain only over a narrow frequency range, and 

considerable rejection ability on most other fre
quencies. 

Still, if one antenna, with one feedline and 
one rotator, for several v.h.f. and u.h.f. bands 
(and perhaps the TV channels in between ) is 
your requirement, the log-periodic will proba
bly fill it as well as any one antenna can. 

... n· > 
":/ .. ~~'l ... ··----------

1-~"-l 

Y.t-indt. 
element rod 

' 

Fig. 9.73- Element mounts ore made from TV line 
standoffs with stainless-steel strops, lop. The insert is 
knocked or drill ed out, and the clomp portion bent as 
shown al the center. Complete mount, with 'A-inch ele
ment in place, hos lock and tension nut inside the 
damp, to ovoid need for drilling the lotter. 



Chapter 10 

U.H.F. and Microwaves 
Segments of the radio spectn1m have labels. 

From 3 to 30 Mc. is "high frequency," 30 to 300 
is "very high," 300 to 3000 "ultra high," and all 
higher "super high." But all through this book 
we've had trouble keeping within these seman
tic lines. This trouble with labels is, in a way, a 
capsule history of the radio art. Today's "ultra" 
is tomon·ow's commonplace. 

Webster defines ultra as "Going beyond oth
ers, or beyond clue lirnit," yet within this writ
er's memory everything above 30 Mc. was called 
"ultra high." Our QST column started as "On 
The Ultra Highs" in 1939, but it wasn't long 
before we began to think of frequencies up to 
at least 220 Mc. as something rather below the 
"ultra" class. Today we even tend to take the 
420-Mc. band out of this category. 

·working on 420 is today approaching a rou
tine business, but it is well to remember that 
the techniques we think of as "conventional" 
are that way because of continuing advances 
in hibe design and in solid-state devices. vVe 
tend now to put the frontier somewhere around 
1000 tvlc. Who can say where it will be to
morrow? 

Even a 1000-Mc. frontier is more pl1ilosophi
cal than technical, challenging basic concepts 
of amateur radio communication. Throughout 
our history, amateurs have cherished the ele
ment of surprize. Vl/e call CQ to see who will 
come back. We listen, listen-everlastingly !is-

ten-for something new, or at least out of the 
ordinary. For all our emphasis on friendships 
made and maintained by radio, a strange voice, 
a new country, or even a new state stirs us. For 
reliable communication we tend to rely on the 
telephone. Worth for point-to-point has never 
clone too ·well as a sales argument for new 
bands. 

But communication above 1000 Mc. must, of 
necessity, be largely a person-to-person matter. 
Bands i1re incredibly wide. Beam patterns must 
be sharp, a communication over interesting dis
tances is to be maintained. Cooperation in the 
matter of operating times, frequencies and 
beam headings is the only alternative to spend
ing fruitless hours scanning the radio horizon 
for signs of life. Routine "activity" as we know 
it on lower bands seems thus unlikely ever to 
develop in our microwave bands, at least until 
we have space well filled with communications 
satellites. 

\ <\Tc already have the know-how to transfer 
to the u.h.f. and microwave bands much of the 
talking we do on all-too-crowded lower fre
quencies. Will a new generation of amateurs 
seize upon the opportunities that the micro
waves offer? It could be that the future of our 
avocation hinges on a positive answer. 

Equipment and methods are already well 
within our capabilities. v\lhat we need most, in 
the world above 420 Mc., is people! 

U.H.F. LINES AND CIRCUITS 

The changing nature of tuned circuits as we 
move higher in frequency was discussed at 
length in Chapter 5. It may be well to review 
this material before going too far into u.h.f. cir
cuitry. Earlier we were concerned with 
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"lumped-constant" circuits; those where in
ductance and capacitance exist as separate en
tities. ln u.h.f. work we have to think in terms 
of sections of transmission line. 

Still higher in frequency we will abandon 
the line idea. Our circuits become resonant 
cavities, and an allied change occurs in meth
ods used to transfer power from one circuit to 
another, and to an antenna. The parallel-con
ductor line disappears, giving way first to low
loss eoax, and eventually to waveguide. 

In Fig. 10-1 we have typical coaxial circuits, 
shorted at one end and open at the other. Such 
a line section an electrical quarter wavelength 
long can replace a coil-and-capacitor circuit as 
the tuning element of an oscillator, amplifier 
or other u.h.f. device. Its resonant frequency 
can be varied in several ways. Its length can 
be adjusted, if two pieces of tubing are made 
to telescope one inside the other, as in the 

Fig. 10· 1- A coaxial tank circuit can be tuned by upper portion of circuit A. A movable disk 
means af a " false bottom," as at A, o r by variable making firm contact to both inner and outer 
capacitance across t he open end, a s in B. In A the conductor can be moved up or down the line, 
effective length is odju•ted by mea ns of the shorting as shown at the bottom of the sketch. 
disk, which is movable. Good electrical contact to both The line may be tuned with a variable ca-
inner bnd outer conductors is important at this point. pacitor, as in B. Addfog capacitance in a tuning 
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Fig. 10·2- Thc useful frequency limit of o coaxial.line 
lank circuit can be extended by ma king ii a half.wave 
lino, A, or three·quarter·wave line, 8. R.f. voltage dis
tribution olong the lines is shown by curved line, e •. 

d evice, or in the form of the input or output 
capncilnnce of a vacuum tube, lowers the reson
ant frequency for a given length of line. The 
line must, therefor, be made physically shorter 
than n quarter wavelength . T his loading limits 
the frequency over which a tubo can be used 
with a quarter-wave line, just as in circuits d is
cussed in Chapter 5. 

Tho same steps can b e taken to extend tho 
frequency Li mit. A half-wave line of coaxial 
construction is shown scl1ematically in Fig. 
10-2A. A push-pull version could have a tube 
at cnch end. R.f. voltage distribution a.long the 
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Fig. 10·3- Charactcristic impedance of coaxial lines for 
various conductor diameter ratios. Tho outside diameter 
of tho Inner conductor and the inside diametN of the 
outer conductor are used. 
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line is shown above it. Where a standfog wave 
exists a.long a transmission line, the r.f. voltage 
and impedance a.re repeated every h alf wave
length. If tube capacitance and lead inductance 
tend to make us " run out of tank circuit" with 
a q u:1rtcr-wave line, and a half-wave line is not 
convenient for our purposes, we can make the 
lino any odd number of quarter wavelengths, 
as for example the ~!-wave line of B. This nrny 
have a quarter-wave resonance lower in fre
quency, but because of the different loading 
e ffect of tube and circuit capacitance at the 
two frequencies it will not be exactly one-third 
that of the ~-wave mode. 

Coaxial and Strip-Line Circuits 

There is no need for the conductors to be 
round in cross-section, or truly coaxial in nature. 
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Fig. 10·4-Groph for determining the length of o co· 
pacily·looded quorter·wave cooxial line of 71 ohms im
pedance, for frequ encies from 150 la 1300 Mc. The 
value C includes lube output and tuning capocitances. 

The outer can be rectangular, and the inner a 
Oat strip of metal, with almost identical results. 
The strip line is often convenient for t.l1e ama
teur builder, and many examples appear in this 
book. Other shapes could be used, but coaxial or 
strip lines :ire most common. 

The Q of these circuits is nearly nlwnys 
important, so the conductors should be of large 
size, and CJf metals having high concl11ctivi ty. 
A coaxial lino with a No. 20 wire inner con
ductor would be little better th ~rn a coil of the 
same wire size, for its ohmic resistance would 
be as high as the same wire wound into n coi l. 
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Electrical conductivity is particularly important 
at points of high r.f. current ( lowest r.f. volt
age), notably at the shorted end of coaxial or 
parallel-line circuits. Insulation should be kept 
to a minimum, and preferably avoided entirely 
at or near tho points of high r.f. voltage. 

Insulation Joss is introduced by a tuning ca
pacitor, as it must be at a point of appreciable 
r.f. voltage. Movable-disk capacitors are fa
vored, tis they do not requ.ire insulating sup
ports or metal frames that often introduce 
parasitic resonances. 

Impedance of the line may be important in 
some applications. This can be obta.ined for 
coaxial lines from the formula: 

b 
Z0 = 138 log --

a 
WHERE Z0 is the impedance of the line, b is 
the inside diameter of the outer conductor, and 
a is lhe outside diameter of the inner conductor. 
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Knowing the dimensions of available materials, 
the impedance can be obtained to an accuracy 
sufficient for most purposes from Fig. 10-3.1 
The impedance of a strip line can be obtained 
from the fonnula: 

r S z.= 377 w 
where S is the spacing between the strip and 
tho outer conductor, und \V is the width of the 
strip. Preferably W should be several times S. 
This information is from Brayley.2 

The same author gave a formula for figuring 
the length of coaxial tank circuits when the 
total circuit capacitance is known. Solution of 
this fom1ula for various capacitances, at fre
quencies from 150 to 1300 Mc., was worked 
out graphicall>' by Garrett nnd Manly, as shown 
in F ig. 10-4.ll The top curve in each set (C 
equals zero pf.) is for lines not capacitively 
loaded. 

WAVEGUIDES AND CAVITY 

RESONATORS 

Because of tho loading effects of capacitance 
on parallel-lino and coaxial circuits the useful 
frequency limit for any type of line circuit is 
somewhere around 1000 to 2500 Mc., depend
ing on tho t11bc or solid-state device used. At 
higher frequencies something different is need
ed, for trnnsmission lines as well, for losses in 
even the best coaxial line become prohibitive. 
The answer lies in the use of cavity resonators 
and waveguides; devices in which the dimen
sions of conducting boxes or tubes determine the 
frequency at which they will operate. 

Waveguide Principles 

A waveguido is a metallic hibe of circular or 
rectangular cross-section, through which elec
tromagnetic waves can be transmitted. The 
walls of tho waveguide are not considered as 
carrying current, in the sense of the conductors 
of a 2-wire line, bu t rather as a boundary con
fining the waves to the enclosed ~lJace. Energy 
injected at one end by capacitive or inductive 
coupling, or by radiation, flows through the 
guide to tho load, by means of reflections fro~ 
its inner wnlls. 

There is an infi nite number of ways in which 
the electric and magnetic fields can arrange 
themselves in a wnveguide, depending on guide 
dimensions in wavelengths. These modes are 

separ;itcd into two groups : transverse magnetic 
( Ti\1), and transverse electric (TE). The mode 
is identified by these letters, followed by sub
script numerals, as 1'E 1.o. TM1• 1, etc. The mun
bcr of possible modes increases with frequency, 
for a given size waveguide. The dominant mode 
(the only one for the lowest frequency the 
guide will pass) is generally used in practical 
work, as there is little point in using a larger 
guide than nccessnry for a given frequency. 

·waveguide can be :my cross-section, but only 
rectangular and circular are common. In the 
rectangular, Fig. 10-5, the width, x, is the criti
cal din1ension. It must be more than a half 
wavelength for tho lowest frequency to be 
transmitted. Generally the height, !/, is made 
about a half wavelength. It can be seen that 
waveguido has another advantage over other 
kinds of line, in addition to lower losses; by its 
very nature it can be an effective high-pass 
filter. 

Five factors should be kept in mind in deal
ing with waveguide d imensions: free-space 
wavelength, 'A.; guide wavelength, Xg, the ac
tual Length of the wave as it travels through 
the guide; cut-off ll](IVelengt11, >-c, longest usable 
wavelength, X1,. that can be transmitted with
out excessive a ttenuation; and the shortest 
wavelength, >-s, that can be transmitted before 
the next mode develops. These are obtained, 

Fig. 10·5- Wavcguide cross·section can be 
rectangu lar or circu lar. In the rectangular, 
the width, x, is the critica l dimension. Cut
off wavelength is 2x or 3.41 r. 
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Sj>ltere 

Fig. 10-6- Forms of covity resonotors. Tho square and 
cylindrical types are merely closed-off sections of wove· 
guide. 

for the dominant mode, as shown below: 

118ll 
}., inches= Freq., 1'.lc. 

}.0, inches = 
}. 

~ 1- ( ~ ) 2 

Rectangular Circular 
>-c = 2x 3.41r 

>-u= l.6x 3.2r 

>-s = l.ls 2.8r 

Typical inside dimensions of rectangular 
waveguide for the various amateur ban.ds are 
as follows: 2300 Mc. - 1.34 by 2.84 inches; 
3300 Mc. - same; 5650 Mc. - 0.622 by 1,372 
inches; 10,000 Mc. - 0.375 by 0.75 inch; 21,000 
Mc. - 0.17 by 0.42 inch. These are standard 
waveguide sizes. If you were to make your ow~ 
the dimensions would not have to be this 
precise. 

The Cavity Resonator 

Now suppose that we cut o£f a section of 
waveguide, and seal off the ends. We then have 
what is known as a cavity resonator. The term 
"cavity" is frequently applied to coaxial or 
strip-line circuits that are completely enclosed, 
but the name should be reserved for resonant 
boxes with no inner conductors, as shown in 
Fig. 10-6. The resonant frequency of these typi
cal cavity shapes depends on t11e inside dimen
sions of the box and the mode of oscillation. 
The latter i~ comparable to transmission modes 
in waveguide. For the lowest-frequency mode, 
the resonnnt wavelengths nrc as follows: 

Square box: 1.41 l 
Cylinder: 2.61 r 
Sphere: 2.28 ·r 
The resonant wavelength of the cylinder or 

box is independent of the height, when this is 
less than half a wavelength. Jn other modes of 
oscillation the height must be a multiple of a 
half wavelength, as measured inside the cavity. 

C'ross-sectio11.aL view 

fig. 10·7-Re-entrant cylindrical cavity resonator. 

U.H.F. AND MICROWAVES 

A cylindrical cavity can be tuned by means of 
an adjustable false bottom, when operating in 
such a mode. Other tuning methods include 
placing adjustable tuning paddles or slugs in
side the cavity, so that the standing-wave pat
tern of the electric and magnetic fields can be 
altered. 

Just as coaxial lines represented improve
ment in Q over coil-and-capacitor circuits near 
the upper limit of the useful frequency range 
of the latter, the resonant cavity is a means of 
obtaining very much better circuit efficiency at 
frequencies where the coaxial circuit begins to 
be inefficient or impractical. With care in the 
constrnction of a cavity as to silver plating and 
the best possible electrical conductivity where 
surfaces join, a circuit Q of several iliousand is 
possible. A Q of 1000 or more is readily ob
tainable. 
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RADIUS IH INC.HES 
Fig. 10-8-Radius of a cylindricol cavity for a 2C39 
tube, for frequencies from 500 to 3500 Mc. From in· 
formation by Ramo and Whinnery, Fields and Waves 
in Modern Radio. 

A common form of cavity is t1Je re-entrant 
cylinder type of Fig. 10-7. It resembles a co
axial line, with both ends closed and capacitivo 
loading at the top, but the mode of oscillation 
varies considerably from that in coaxial circuits. 
The resonant frequency of the re-entrant cyl
inder cavity depends on the diameters of the 
two cylinders, and the distance, cl, between the 
cylinder ends. 

A tube commonly used in amateur work in 
the u.h.f. region is the 2C39A or 3CX100A5. 
Fig. 10-8 makes possible a quick estimate of 
the size of a cylindrical cavity for t11is tube. 
The graph form was supplied by Garrett nod 
Manly.a 

Coupling to Waveguides and Cavity 
Resonators 

Energy may be introduced into or extracted 
from a waveguide or resonator by means of 
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@ =§~--------... ... .. ~ . 

(A) (B) 
Fi9. 10-9- Coupling to wove9uides ond resonotors. 

either tho electric or magnetic field. The energy 
transfer frequently is through a coaxial line, t\vo 
methods for coupling to which are shown in Fig. 
10-9. Tho probe shown at A is simply a short 
extension of the inner conductor of the coaxial 
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line, so oriented tliat it is parallel to the electric 
lines of force. The loop shown at B is arranged 
so that it encloses some of the magnetic lines of 
force. The point at which maximum coupling 
will bo secured depends upon the particular 
mode of propagation in the guide or cavity; the 
coupling will be maximum when the coupling 
device is in the most intense field. 

Coupling can be varied by turning the probe 
or loop thr<>ugh a 90-degree angle. When the 
probe is perpendicular to the electric lines the 
coupling will be minimum; similarly, when the 
plane of the loop is parallel to the magnetic 
lines the coupling will have its minimum value. 

VACUUM TUBES AND TRANSISTORS FOR THE 
HIGHER FREQUENCIES 

Even with the best possible circuits, the up
per useful limit of frequency is determined 
finally by the characteristics of the devices con
nected to them. Capacitance between elements 
and inductance of leads brought out from them 
load down the circuit in the same way as wires 
and capacitors connected externally. In the tube, 
t11ere is the seemingly infinitesimal time re
quired for passage of electrons between cathode 
and plate. This may be only 0.001 microsecond, 
and of no importance at 1000 kc., but it is the 
equivalent of a foll oscillation cycle at 1000 Mc. 
These fac ts set somethi11g around 3000 lvlc. as 
t11e practical frequency ceiling for negative-grid 
tubes, and 1000 Mc. for inexpensive transistors. 

Only specially-designed tube types will go 
anything like tJ1is high. At 420 Mc. we have left 
all but a very few types behind, and at 1215 Mc. 
no tube commonly used on lower bands is con
sidered. Solid-state techniques for u.h.f. are 
promising, but suitable devices are costly, at 
present. 

U.H.F. Receiving Techniques 

In receiving, where power-handling capabil
ity is not a primary consideration, the useful 
frequency limit is somewhat higher tlian in 
transmitt'ing, for more-or-less conventional de
signs. Probably the 6rst mass-produced \1.h.f. 
tube was the "acorn," a triode of very small 
element size, ,.,.;th leads brought out radially 
through the glass envelope. In suitable circuits 
it will oscillate up to around 500 Mc. 

Today's Nuvistor carries reduction of elec
trode sizo and lead lengt11 close to the practical 
minimum. The inexpensive 6CW4 and 6DS4 
work very well in our 420-Mc. band. The dou
ble-ended 8058, made for grounded-grid am
plifier service, does even better. 

Very high-transconductance planar triodes 
( 416B, 7768 and others) are the best r.f. am
plifier tubes available for 420-Mc. service, and 
they work fairly well even at 1215 Mc. in suit
able circuits.'' They are no.t mass-produced 
items, however, and consequently are rather ex
pensive. 

Actually there is little point in attempting to 
use vacuum tubes for receiving above 400 Mc., 
for even the best arc incapable of satisfactory 
noise figure, compared with a woll-designed 
transistor front end. Even at 432 Mc. a good 
crystal mixer followed by a low-noise i.£. am
plifier will do just about as well as the best vac
uum-tt1be designs. Transistor r.f. amplifiers are 
fast taking over the rece.iving job. 

Conventional U.H.F. Transmitting Tubes 

Severn! glass-envelope transmitting tubes work 
moderately well in the 420-Mc. band. The 6939 
is a small dual tetrode mucl1 like the 6360, 
but with more compact design to extend the 
upper frequency limit for u.h.f. service. It will 
deliver about 6 watts output. The 6524 and 
6252 arc dual tetrodcs with plate leads brought 
out through the top of the envelope. They are 
capable of around 15 watts output in t11e 420-
Mc. band. The 5894 is a larger version of the 
6252, widely used some years ago for 420-Mc. 
work. It will give up to 40 watts output at 432 
r-.-rc. Any of these tubes operated as a tripler 
from 144 Mc. will drive another as a straight
through amplifier, and they can be used with 
more-or-less conventional circuitry. 

The best transmitting tubes for use at high 
amel teur power levels in the 420"Mc. band are 
the external-anode types beginnng wit11 the 

Glass 

H/ca. 

fi9. 10-10-Sectionol view of the "l ightho u$e" tube. 
Electrode spoting ond leod inductonce ore held to neor 
the procticol minimum, mokin9 the tube useful in the 
u.h.f. ron9c. 
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4Xl50A, and continuing through later versions 
ruchu~4~e~~dRGd~~~OOA. 
These tubes are well adapted to coaxial-line 
circuitry, irnd they require forcecl-ai r cooling. 
A conduction-cooled version, the 8072, has 
considerable nppcal for medium-power applica
tions where use of a blower is not convenient. 
Many other types of this general tube family 
arc available, but tho ones mentioned above 
arc most often seen in amateur u.h.f. circles. 
All require special sockets, which may include 
built-in bypassing, where desired. 

Tubes gc11crnlly available to amateurs for 
transmitting use above 1000 Mc. include the 
"lighthouse" triode, Fig. 10-10. This old but 
still useful type can be picked up inexp ensive
ly on the surplus rnorkct. It comes in several 
styles, of which the 2C40 is the most plentiful. 

U.H.F. AND MICROWAVES 

The "pencil triode" series of tubes, not widely 
used by amateurs, work up to about 2000 Mc. 
The 2C39 plannr triode, and later versions such 
as the 3CX100A5, can be used up to around 
3000 :'-le. in suitable circuit~. The 2C39 tripler 
to the 1215-i\lc. hand was described in QST by 
W6DQJ.·; WB6101'! described a 2-tube ampli
Ser.G The 416B, more familiar to amateurs in 
receiving applications, is capable of operation 
up through the 3300-:\lc. band in suitable cir
cuits. 

Even these u.h.f. types work poorly nbove our 
2300-Mc. band, because of the fundamental 
limitations imposed by their physical dimensions. 
In our 3300-Mc. hand and at all higher fre
quencies the negative-grid tube gives way to 
various spechilizcd types s11ch as tho klystron, 
the travelling-wave tube and the magnetron. 

VELOCITY MODULATION-THE KLYSTRON 

At some point in the u.h.f. range, just where 
depending on power level and application, 
tran~it-time effects renclcr conventional tubes 
unusable. Electron flow from cathode to anode, 
in tubes wo'rc familiar with, is io the form of 
short bursts, regulated by the r.f. charge on the 
grid. When transit time is an appreciable part 
of the r.f. cycle these pulses become poorly de
fined, and performance falls off. 

OF the many devices developed to get 
around this problem, the power klystron is 
probably tho most interesting to the amateur. 
The klystron is complex and costly, and ama
teurs know it mainly as an occasional surplus 
market item, but if wo are to clo much with 
our assignments in the micro-wave region some 
understanding of its operntion is mandatory. In 
one form or another, it has been used in nearly 
all amateur work above 3000 Mc. 

The kly~tron uses tho phenomenon of trar1si t 
timo to advantage, through a technique known 
as velocity modulation. It is capable of reason
able efficiency, high gain, good linearity and 
high stability. Its chiof fault from the amateur 
point of view, other than high cost, is that the 
frequency-determining circuits are usually part 
of the tube itself. All too often, klystrons that 
look like surplus bargains tum out to be built 
for other than amateur frequenci es. They are 
available for frequencies from a few hundred 
megacycles to many kilomegacycles, and for 
power levels from milliwatts to megawatts. 

The Klystron Amplifier7 

Referring to Fig. 10-11, the essential parts of 
an amplifier klystron arc the electron gun, the 
drift tube, tho resonant cavities and the collec
tor. The cathode, nnodc, and focussing elec
trodes of the gun form an electron beam. Cur
rent flows os in a diode, when high voltage is 
applied to the anode. The gun electrodes focus 
tho accelernlcd electrons through a l1olc in the 
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Fi g. 10· 1 l -Essentiol ports of tho klystron tube, shown 
in simplified form to illustrate the theory of "bunching." 

center cf the anode, into n cylindrical beam 
which flows at constant velocity through the 
hollow drift tube and rcsona1lt cav!Lics, to the 
collector. 

Rf. drive applied to the input resonant cavity 
causes an r.f. voltage to exist between adjacent 
set:tions of the dri£t tube. (Spaces between 
these sections aro called interaction gaps.) 
Electrons llowing past the input gap are af
fected by the r.f. voltage across it. When the 
voltage is positive ( i.n the direction of electron 
flow) e lectrou~ in the gap are :icceleratcd 
slightly. During the alternate half of the r.f. 
crcle t.hey arc retarded. Some of I.be electrons 
in the beam arc thus moving faster and some 
arc.: moving slower than the overage rate-the 
beam is velocity modulated. 

As the beam moves toward the output cavity, 
tl1e fast electrons tend to catch up with the 
slower ones, by a process caUed /mnching. 
When the bu11cl1cs reach the outpu t cavity gap 
tl1cy are wdl-fonncd, and they charge the out
put resonant circuit as sharp pulses of r.f. cur
rent. The cavity acts :is a resonant coupling de
vice, and the pCJwcr is feel to l11e transmission 
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Fig. 10·12- Bo$lc circuit of the klystron, 
identifying tho various voltages and cur
rents: E,- filomont voltage; 11- filoment 
current; Eb-beam voltage; 1.-beom 
current; l,.y- body current; 1.-collector 
current; O.L.- ovcrlood relay coil; lm
mognet current; P.-driving power; P 0 -

output power. 

line, and on to the antenna. The action is not 
unlike that in a conventional tetrode at lower 
frequencies, the essential difference being that 
in the ktystron the electron bunches are not 
formed by n control grid, but rather by this 
velocity modulation of a continuous electron 
beam. 

There is more to a klystron amplifier than 
this, and some of it is suggested in the simplified 
schematic of the klystron cl.c. circuits, Fig. 10-
12. Most power klystrons have 3 or more cavi
ties, because multiple-cavity designs provide 
higher gain and efficiency than the simple two
cavity type described. Klystrons have been built 
with six or 1norc cavities, capable of power gain 
in excess of 90 db. J\mpliGer klystrons have not 
been used extensively in amateur u.h.f. com
munication to date, their principal employment 
having been in 1296-Mc. moonbounce experi
ments;S where high power and extreme stability 
are mandatory. 

The Klystron Oscillator 

:\'lost amateur work with klystrons has been 
with the simpler oscillator types, at power levels 
in the milliwatt range. Dasie principles are simi
lar to those described above, but the oscillator 
is of tho two-cavity type. Buncher and catcher 
cavities arc connected by a feedback loop to 
sustain oscillation. The catcher cavity is made 
resonant at the frequency of the velocity mod
ulation of the electron beam, by changing the 
shape of the cavity physically and by adjust
ment of electrode voltages. The bunched beam 
current is rich in harmonics, but the high Q of 
the catcher cavity suppresses the unwanted har
monics nnd keeps the output wave form pure. 

Practical Microwave 
Communication with Klystrons 

Though klystrons nnd other microwave devices 
seem strange to the 11niniUoted, and admittedly 
they arc costly when purchased new, micro
wave communication of a practical and highly 

satisfactory nature can be achjeved with equip
ment that is surprisingly simple. Thanks to the 
surplus marke t and trndi lional ham ingenuity, 
it can be relatively inexpensive as well. The 
techniqi.1es employed vary in detail, but the 
principles nrc basically similar-and elemen
tary. 

The method is applicable to any mkrowave 
band for which klystrons nre available. Two 
klystron oscillators arc built and mounted in par
abolic antennas. Each serves the dual role of 
transmitting oscillator and local osci llator for 
receiving. A crystal mixer is buil t into each unit, 
and some of the klystron oscillator output is 
diverted for injection to this mixer. The two 
stations arc identical, except for tho frequency 
of oscillation. The two oscillators are sepnrated 
in frequency by an amount equal to tl1e inter
mediate frequency to be used in reception. 

Let us assume that the bnnd is to be the one 
at 5650 Mc. One oscill:1tor will be on, say, 5700 
Mc. We will use f.m. ·broadcnst receivers for our 
i.f. systems. This will require a mixer output fre
quency of about 100 Mc., so our other oscilla
tor ,vi]] be on 5800 Mc. 

A klystron oscillator is very readily frequency 
modulated. Just a small audio voltage applied 
to the d.c. voltage on the klys tron rcpellor ele
ment does the trick. This can be as simple a 
device as a microphone transformer connected 
in the repellor lead, \vitl1 an ordinary carbon 
microphone the only other "speech equipment" 
needed. More advanced designs will include a 
speech amplifier, preferably \vith some provision 
for automatic level control, to keep the modula
tion at a constant level. 

Keeping the transmitting and receiving func
tions separate may be lrnndled in several ways. 
Separate anteilllas can be used for the transmit
ting oscillator and the receiving mixer. This was 
done in some of our earlier microwave work, 
but more recently it hns been supplanted by 
the simpler expedient of "polarization duplex
ing." Herc an open-ended cylindrical waveguide 
section bas probes for twnsmitting and receiv-
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ing, placed at angles of 90 degrees from each 
other. The "waveguide" may be nothing more 
than a beer can, as shown in later examples. 
The i.f. system can be an f.m. receiver, or even 
a simple supcrrcgenerative detector operating 
at the selected intermediate frequency. 

This is inherently a duplex system, and one 
in which the actual operating frequencies are 
unimportant, so long as they are within an ama-

U.H.F. AND MICROWAVES 

teur band, and separated by the chosen inter
mediate frequency. There could hardly be a 
simpler communicntions system, yet "polaplex
ers" of this gencrnl type h:wc been used in all 
our amateur bands above 3000 :\le., and for 
communication over some quite remarkable dis
tances. Examples of this technique, too numer
ous for inclusion in this book, may be found in 
many issues of QST.!! 

OTHER MICROWAVE TUBES 

Demand for microwave radar during World 
War II rcsultccl in many devices being devel
oped under very high priority. The klystron, 
the magnetron nn<l the travelling-wave tube 
had existed in principle for some time but the 
wartime emergency brought tl1em into mass pro
duction and use. 

The magnetron and travelling-wave tube 
had little application to amateur communica
tion, so they arc dealt with only briefly in these 
pages. Essentially a magnetron is n tl1ick-walled 
cylinder of copper, with a series of identical 
"keyholes" in tho wall around the inner diame
ter.• o Each keyhole represents a tronsmitter cir
cuit, the hole itself providing tlic inductance 
and the slot, or base of tho keyhole, tl1e capaci
tance. As can be seen from the picture of the 
interior of a IO-centimeter magnetron, Fig. 10-

Fig. 10-13-lnterior of o 1 O·centimeter magnetron, 
showing the 8 cavities surrounding the cothc>de. Com· 
pleto tube hos this structure operating in the field of o 
powerful magnet, not shown. 

13, these keyholes ring a central emitting cyl
inder or cat11otlc. 

A magnetic llcld is applied axially, causing 
electrons to describe circular paths about the 
catl1o<lo when n high-voltage pulse is applied 
between anode nnd cathode. The critical veloc
ity of the electron stream is reached when ad
jacent cavities represent positive and negative 
portions of tl1c output wave. This is an over
simpl:ified explanation, but it will suffice for our 
purposes, in view of the limited application of 
the magnetron to our kinds of communication. 
The main uses of magnctrons are for pulsed 
service, where very high peak voltages a.re ap
plied for very short periods, at high repetition 
rates. l\fagoetron peak power of the order of a 
megawatt is common, but there has been lim
ited use of the device for continuous-wave ap
plications. 

Gains as high as 50 db. over very wide bands 
in the microwave region arc possible with the 
travelling-wave tube, shown schematically in 
Fig. 10-14. An electromagnetic wave travels 
down the helLx, and :m electron beam is shot 
through the helLx from tho electron gun at the 
left end, in the direction of the wave propaga
tion. When the electron velocity is about the 
same as the wnvo velocity in the absence of 
electrons, turning on ilie electron benm causes 
a power gain for the wave propagation in ilie 
direction of the electron motion. 

The input and output ports in Fig. 10-14 are 
coaxial lines to which the ends of the helix are 
coupled. The beam is focussed electrically at 
the gun end, and magneticnlly along ilio helix, 
by a series of opposing-p0larity magnets stacked 
between ferrous pole pieces. 

Outstanding features of the t.w.t. arc great 
bandwidth and large power gain. Efficiency and 
power output arc both rnther low. The term 
"tube" is really a misnomer; t11c t.w.t. is actually 
a complete broadband r.f. amplifier in a vacuum 
envelope.l l 

Pulse Communication 

In t11e table of amateur bands and modes in 
Chapter 2 pulse omission is shown as usable on 
amateur bands above 2300 Mc., with the ex
ception of tho 10,000-Mc. band. As the name 
implies, pulse transmission involves bursts of 
energy of very short duration, typically no more 
than a few microseconds. This is called the 
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-----FOCUSING STRUCTU~£ 

Fig. 10-14-Basic components of the travelling-wave 
tube. Device is adually a complete amplifier in a vac
uum envelope. 

pulse length. There may be up to several thou
sand pulses per second. This is the repetition 
rate, typically about 1000 per second. 

Because power is on the equipment over such 
a small percentage of tho time (low duty cycle), 

237 

tubes and other components can stand many 
times their c.w. ratings, both vol tage and cur
rent_ An amateur station using pulse may Uius 
have a peak power output of many kilowatts, 
so long as the average power does not exceed 
1 kilowatt input. 

A simple pulse system for Uie amateur is 
described later in this chapter. The possibility 
of employing surplus magnctrons for pulse com
munication with much higher power should not 
be overlooked. It is believed that reliable ranges 
at least equal to those covered on 144 !Mc. could 
be achieved on any microwave band, if the full 
potential of pulse communication were ex
ploited. 

RECEPTION ABOVE 420 MC. 

Receiv~rs for the 420-Mc. band are u~11ally 
crystal-controlled converters, much like those 
for lower frequencies. The circuits can be of the 
coil-and-capacitor variety, as in the converter 
described in Chapter 4, or tl1ey may be coa,ial 
or strip-Hoe arrangements, much like those of 
the 432-Mc. preamp and 1296-Mc. converter 
described later in this chapter. R.f. amplifiers, 
using both tubes and transistors, offer some im
provement over tho crystal mixer at 420 Mc., 
and practical examples Rre given in both chap
ters. Ampliflers other than the parametric vari
ety have been little used in amateur work above 
the 420-Mc. band, but trnnsistors show promise. 

The Crystal Mixer 

With the best crystal diodes and circuHs, the 
noise figure of a crystal mfa:er is almost inde
pendent of frequency, up to around 10,000 Mc. 
The crystal mixer, having no gain (there is ac
tually a slight conversion loss) does not over
ride the noise of following stages, as does a 
good r.f. amplifler, so the design of stages fol
lowing the mixer is important. Their noise figure 
is added to that of the crystal mixer. 

The i.f. should bo as low as practical, as low 
noise figure is more readily obtained below 
about 30 Mc. than at higher frequencies. We 
cannot go too low, however, or image response 
{including noise at the imnge frequency) be
comes a factor in overall performance. A desir
able i.f. for a 432-Mc. converter may be 14, 21 
or 28 Mc., since communications receivers for 
these frequencies arc universally available. 
Their noise figures arc usually inadequate for 
this purpose, so a low-noise i.f. amplifier is often 
built into the converter assembly. 

Occasionally 50 or even 144 Mc. will be used, 
where thero is a converter or receiver for these 
frequencies available, and its noise flgure is 
suitably low. The i.f. need not be tunable at 
this frequency. A crystal-controlled converter 
for 432 or 1296 Mc. can work into another at 

50 or 144 Mc., the output of which may be 14 
Mc., where the actual tuning will he done. An 
example of a 1296-Mc. converter with 144-Mc. 
output is shown later in this chapter. 

Selecting Crystal Diodes 

The 1N21-serics crystal diodes have suffixes 
from A through F, each progressively better, 
and higher in price. Nothing below the 1N21C 
is desirable if noise figure is really important. 
It is capable of a noise flgure of 8.3 db. The 
IN21F (most costly) is capable of 6.0 db., 
which will be hard to match witli tubes of any 
kind, above 500 Mc. 

Injection Considerations 

Stability is critical if narrow-band u.h.f. re
ception is undertaken. The converter crystal 
oscillator should run at the lowest practical 
input, and the crystal should be isolated from 
tempernt:i.1re variations due to component heat
ing and cooling or air circulation. Putting tlic 
crystal inside the box is recommended. Injec
Uon should be as free of harmonic content as 
possible. Any injection makes mixer noise, and 
injection on other than the desired frequency 
is sure to degrade the noise figure of a crystal 
mixer. Finally, the injection system should be 
(.)Oupled loosely to tl1e mixer, to prevent loss of 
signal energy through the injection circuits. 

The latter two points are taken care of well 
in tho 1296-Mc. converter described in this 
chapter, by the use of high-Q mixer and injec
tion circuits, aperture-coupled. They are often 
neglected in amateur designs, witli the result 
that mixers for 420 Mc. and up having noise 
figures in excess of 15 db. are not uncommon. 
When a good r.f. amplifier is used ahead of the 
mixer the amplifier establishes the noise figure of 
the system, but with a crystal mixer alone the 
above considerations must be handled with care 
if satisfactory reception is to be achieved. 
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THE VARACTOR DIODE 

Perhaps no single development of recent ye:Ks 
has had more impact on u.h.f. and microwave 
communication than the variable reactance de
vice known as the varoct~r diode. This offshoot 
of the booming semiconductor industry made 
possible many improvements in receiver and 
transmitter design, some offering advantages 
never hoped for with vacuum I ubes. 

Notable among the varactor's contributions to 
u.h.f. progress were the parnmetric amplifier , 
proposed in theory earlier hut mndo practical 
by the varactor, and the solid-state frequency 
multipuer for trnnsmitting applications. Diode 
multipuers were also known for many years, of 
course, but the varactor works at power levels 
useful for transrnitting. We will d iscuss these ap
plications in some deta il later, hut fi rst let us see 
bow the varactor diode works. This section is 
mainly tho work of Wnyne Taft, Wl WID. 

Varactor Principles 

Consider a small block of germnnium that 
has been doped with impurities, so tJ1at one half 
is p-typc materinl ( co11 tn ins free positive charg
es ) and tho other half n-typc material (contains 
free negative charges). The result is a p-n 
jun.ction diode. IF a voltnge of matching polar
ity is connected across it, free charges in the 
material will be repelled from the terminals, 
and move townrd tho junction boundary. This 
nets an exchange of charge, or forward conduc
tion. 

If the applied voltage is reversed the free 
charges are drawn away from the junction 
boundary, leaving a neutral region called the 
depletion layer. No exchange of charge is pos
sible; hence the condition of high back resist
ance. We are interested in tho latter condition. 
The depletion layer is a dielectric (no free 
charges) and tho regions outside it are conduc-

P D N 

+ 
+ 

++ "" -- + ·'ill 

......_DEPLETION LAYER--

-! f- -1 f- ( A) 
'-EQUIVALENT CAPACITOR_../ 

'U-L~!:J 
Cc 

(C ) 

tors ( they have free charges). The two conduc
tors UlllS act as the plates of a capacitor, whose 
plate spacing (capacitance) is dependent on 
the applied back-bias voltage. 

In Fig. 10-15A we see the deple tion layer for 
two conditions of back bias: low voltage, for 
closci spacing and high capacitance; and high 
voltage, for wide spacing and low capacitance. 
A typical curve of capacitance os. applied back 
bias is shown at B. This curve is good behvcen 
the limits of zero bias and tJic reverse-break
down voltage (V 8 ) of the diode. Capacitance 
is inversely proportional lo the square root or 
cube root of the voltage, depending on how 
the semiconductor is doped. 111e most common 
type of varactor follows the square-root law, the 
resuJt of an abrupt change in doping al the 
junction. 

Practical Varactors 

Up to this point we have considered the re
verse-biased p-n junction as a lossless voltagc
variable capacitor. Unfortunately the regions of 
the semiconductor containing free charges are 
not perfect conductors. Unavoidably tJiey have 
a built-in fixed series resistance ( R8 ) 11s1.1nlly 
between 0.1 and 10 ohms, which degrades the 
performance of varactor circuits from that ob
tainable if there were a comple tely lossless varac
tor. Further complications arise frorn mounting 
the device, as any practical package adds lwo 
important parasitic reactances. These are the 
internal series lead inductance and the shunt 
case capaci tance. 

The resultant varactor equivalent circuit is 
shown in Fig. 10-15C. The semiconductor chip 
it~elf is shown inside the broken line, with its 
variable capacitance, CJ, and series resistance, 
fls. ln series with it is the lead inductance, Le, 
and in parallel with this combination is the case 

c 

( 0 ) 

Fig. 10-15- Cho rocte ristics of th o vo roctor diode. Chang ing dep letion layer with varia tion of a pplied vohogo 
is shown at A. Copocito nce decrease with increasing boc:C-bios voltages is shown in Curvo 8. Tho complcto 
equivalen t circuit of o voractor and its mount is g iven in C, a nd th e p ractical effect of a voractor, within its 
des ign freq ue ncy range, at 0 . 
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capacitance, Cc. The parasitic reactances limit 
the maximum usable frequency of the varactor. 
Packages are available, however, for frequencies 
well into the higher microwave range. By choos
ing varactor packaging for the frequency rnnge 
of interest, package reactances can be neglect
ed. The simple equivalent circuit of 10-150 is 
then sufficient to describe the varactor. 

Varactor units look very much like other di
odes. The small glass-case version with pig-tail 
leads is useful only at frequencies below about 
100 !\le., and at low power levels. A stud-mount
ed varactor of the typo used in the frequency 
multipuers shown later in this chapter could be 
mi.~taken for a silicon rccliBer diode, except for 
its price tag. It is useful up to 1500 Mc. or so, 
and at power levels up to 50 wat ts. Microwave 
packages commonly used for parametric appli
cations include the 1N2l style and a related 
double-ended unit. Then there are tiny "pill" 
varactors for slrip-.lino circuits, and various other 
mountings capable of working well up into the 
microwave region. 

Varactor Terminology 

In order to specify n varactor, certain meas
urable "parameters" arc now in use: 

CJvn or CJ m1n-Junction capacitance at re
verse breakdown. 

CJ 0- Junction capncitance at zero bias. 
Ci_6-Junction capacitance at some specified 
value of reverse bias, in this instance-6 volts. 

R5 -Scries resistance, sometimes called 
"spreading" resistance. 

Va-Reverse breakdown voltage. 
0 -Thcrmal resistance in Degrees C per 

watt. Useful for power dissipation calculations. 
Junction capacitance is usually mensured with 

a bridge at some low frequency, on the order 
of one megacycle. The value of R5 is usually 
determined indirectly, by Q measurements at 
500 Mc. or higher. In addition, two commonly
used terms involve combinations of the above: 

Cutoff FrequenctJ, fc, at a specified value of 
bias, and hence cj. 

. . (Vo)2 
Normal1Z<rfiion Power, P110 , ... , = R 

s 
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These terms equate roughly with maximum 
usable frequency and plate dissipation as the 
latter would be used with vacuum tubes. In 
general, for equal cutoff frequencies, varactors 
with higher P norm will handle higher power in 
multiplier service. In parametric amplillers, 
varactors with higher P norm require more pump 
power. 

Applications and Availability 

Varactors are useful for a variety of frequen
cy-changing and amplifying applications, in
cluding electronic tuning, phase or frequency 
modulators in place of a reactance tube, para
metric amplillers and frequency multipliers. 
Some mention was made of the first two possi
bilities in our discussion of f.m. in earlier chap
ters of this book. We will look into the latter two 
below. 

Once it was necessary to test various rectifier 
diodes in order to flnd one that would make a 
good varactor. Now many companies are pro
ducing diodes specmcally for varactor purpos
es. These include such fam ilfar names as Micro
wave Associates, Sylvania, Motoroln, Amperex 
and others. Most varnctors now are made from 
silicon, rather than germanium, for better high
temperature performance. Varactors made from 
gallium arsenide are also available. These have 
extremely high cut-off frequencies, but arc 
somewhat more expensive than the silicon types. 

Familiarity with the terminology outlined 
above will enable the would-be user to sort out 
units of greatest interest from the catalog list
ings. Presently-available varactors have charac
teristics as follows: 

V g-ranges from -6 volts for most paramet
ric-amplifier diodes to -250 volts for the higher
power frequency-multiplier types. 

Ci-6-from 0.1 pf. (microwave types) to 
over 100 pf. for v.h.f. frequency multipliers. 

fc-10 to 300 Ge. for silicon, and up to 800 
Cc. for gallium arsenide. 

Rs- 0.1 to 10 ohms; usually higher-capaci
tance units have lower R5 • 

Price is roughly proportional to cuto!F fre
quency and P norm· 

THE PARAMETRIC AMPLIFIER 

Lowest-noise devices for u.h.f. reception in
clude the maser, tho lravclling-wavo tube, and 
the parametric amplifier. There is little point in 
dwelling on the first two here. The maser must 
operate in a strong magnetic lield. It requires 
certain gases, or exolie substances like rubies or 
garnets. Worst of all , it must be cooled to very 
low temperatures, requiring cryogenic tech
niques quite beyond the reach of the amateur 
worker. We have already discussed the t.w.t. 
briefly in this chapter. It, too, is un expensive 
device; its strong point, very wide-band ampli
fication, is not required in amateur service. 

This leaves the parametric amplifier, a de
velopment of some potential worth to the ama
teur, but one that has been little used nnd even 
less understood by most of us. Probably the best 
treatment of this admittedly involved subject, 
for the amateur reader, was a series of QST 
articles by W4AO and W4LTU1 2 wrileu at tho 
time. that early development work on paramps 
was just getting underway. These articles are 
still required reading for anyone who would 
understand noise problems and the potential 
and partial solutions. Readers without engineer
ing background or extensive electronics experi-
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Fig. 10-16-Basic circuit of a parametric amplifie r shows 
its similarity to o crystal mixer. 

cnce may not find them easy to assimilate, but 
they are about as simple as they could be with
out leaving the authors open to the charge of 
over-simplification. What follows is, lo a large 
extent, a eondensntion of their excellent work. 

Datemnn and Bain made a valfant effort to 
stamp out the almost meaningless term, "para
metric," in favor of "reactnnce amplifier," a 
name more indicative of the way the amplifier 
works, but "paramp" seems to have won out in 
the years since. There is a rather large family 
of parametric devices, and many mechanical 
and electrical analogies have been used to ex
plain their operation. We will not go into these 
here, but they run all the way up from the 
children's swing, which is probably as apt (and 
as confusing) as any. +Many systems are 
"pumped" in one way or another; we'll leave 
the analogies at this point. 

The varactor is in effect a capacitor, the value 
of which changes with applied voltage. It can 
thus bo used to modulate power from an ox· 
tcrnal source, in relation lo n signal voltage, 
and therefor amplify a signal applied to it. The 
parametric amplifier of most interest to nmatcurs 
is physically quite simple, being mainly a diode, 
fed at the signal frequency, and pumped at a 
higher frequency simultaneously. The basic cir
cuit, Fig. 10-16, is quite similar to a conven
tional crystal mixer, and it may be used for 
either frequency conversion or straight-through 
amplification. 

The signal frequency, f 5, is applied to Tank 
1. In a frequency converter, Ta11k 2 is tuned to 
the output frequency, f 0 , which may be either 
higher (up-converter) or lower (down-convert
er) than the signal frequency. The pump tank, 
top, has only the job of providing an efficient 
means for exciting the diode capacitor ( varac
tor ). The terms "pump" and "pump frequency" 
are, in effect, merely new names for the more 
familiar local oscillator and its output frequency, 
in this ease. 

In an up-converter (output frequ ency higher 
than the pump frequency) a stable power gain 

equal to i~ could be realized with ideal 

diodes nncl lossless circuits. If the output circuit 
is tuned to the pump frequency minus tbe sig
nal frequency (though still an up-converter) the 

. I ti hi . fo T l · · · gain re a ons pis - -r;-· 1e mtnus sign im-

plies that regeneration is involved and, depend-
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ing on conditions, very high gains can be 
achieved. 

As n down-converter the output frequency is 
always lower than the signal frequency. Where 
the signal is higher than the pump the relation-

hi f 0 
- b t . f . all th s p T remains, u smce 0 is sm er an 

f5 , the d evice is an attenuator. \Vhen the sig
nal frequency is below tl1e pump frequency, 

and 
1

1
° is still less than unity, the actual gain 
s 

may be very high, because of regeneration, as 
in tho up-converter. 

In the regenerative arrangements the pump 
frequency is always the highest in the system, 
and is equal to 1J1e sum of the signal and output 
frequencies. ln the regenerative conditions the 
signal in the input circuit is amplified by re
generative action, and the device may be used 
as an r.f. amplifier merely by taking the output 
from this point, instead of from the output cir
cuit, Tank 2. The diHercnce frequency must still 
appear in the output circuit, however. The 
terms " idler" nnd "idler frequency" have be
come standard names for the output tank and 
the energy therein. They have no purpose in 
our life, but they must exist. 

For practical purpose.~. the approximate noise 
figure of the amplifier of Fig. 10-16 can be 
obtained from the formula: 

Rn fs F = l+ -- + 
R, T 

whero F is the noise figure, R~ is the shunt 
rcsisl.nnce across the input circuit represented 
by tho antenna, R1 is the shunt resistance rep
resented by the losses directly associated with 
the tank circuit and diode, f 5 is the signal fre
que ncy, and f1 the idler frequency. 

Tho last two terms of the equation added 
together are a measure of the noise generated 
by tho amplifier. Each should be kept small, 
so 1·hat thei~ sum is a minimum. The second term 
can be kept small by coupling tightly to the 
antenna, so that Ra is much less than Ri. The 
tl1ird term mny be kept small by using an idler 
frequency much higher tllan the signal fre
quency. This means, of course, a still higher 
pump frequency. 

The way that the noise figure varies \vith 
R 

pump freque ncy and various values of £f- is 
I 

shown in Fig. 10-17. The bottom curve, for 

~ = 0, represents an idealized case in which 
I 

R1 is considered infinitely large. This curve il-
lustrates the value of a high pump frequency. 
For example, if a pump frequency 5 times the 
signal frequency is used, the contribution from 
idler noise will be 0.2. The noise figure under 
idealized conditions would then be L2, or about 
l db. In any practical circuit, however, the 

R 
contribution from y will add to this. Thus, 

l 
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Fig. 10-17-Noise figure of the parametric amplifier of 
Fig. 10-16, as a function of frequency and antenna 
loading. 

when you are straining for lowest possible noise 
figure it would be more practical to use a pump 
frequency in the range of 7 to 10 times the 
signal frequency. The contribution from idler 
noiso will then be in the range of 0.11 to 0.17, 
leaving some room to maneuver in with respect 

- L-111 
to the contribution fromR-

1 
From here on, analysis of the parametric am-

plifier is very involved, and will nol be dealt 
with in detail in this text. Though the noise fig
ure equation, even in the simplified form given 
above, gives us indications on how to keep noise 
figuro to a minimum, it is by no means the 
whole story. Nothing has been said as to how 
much capacitance vnriation is required from the 
varactor and its pump, hut it may be snid that 
tlie following conditions arc desirnhle in n prac
tical device: 

1. High idler and pump frequencies relative 
to signal frequency. 

2. High tank-circuit Q. 
3. High-Q semiconductor cnpacitor, or va

ractor, CR1. 
4. High available capacitance variation, t;C, 

in the varactor. 
5. Small values for C1 and C2 . 

Practical Considerations 

For a given gain, the regenerative amplifier 
con£guration ( basic circuit, Fig. 10-16) is the 
least stable of the arrangements outlined above. 
Its noise perfonnance, however, is quite good. 
Furthermore, it may be used directly ahead of 
an existing receiver or converter. Another big 
advantage is that instability in the pump does 
not affect the frequency stability of the output. 
Typically, 20 db. of fairly stable gain is avail
able over a bandwidth of 100 to 200 kc. at 432 
Mc. This is enough bandwidth for weak-signal 
communication as presently done on this band. 

A practical paramp consists of a varactor 
properly coupled to the necessary tuned circuits 
and pump. In the v.h.f. range Jumped circuits 
are useful, but at u.h.f. and higher, coaxial, 
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strip-line or cavity resonators are necessary. In 
tl1e microwave region these can be constructed 
from waveguide. Resonators should always be 
high-Q, to prevent losses and poor noise figure. 
'.\1echanical stability is extremely important in 
a regenerative setup, as small mechanical varia
tions can completely upset the tuning. 

Varactors designed for paramp service have 
low breakdown voltage, usually between -5 and 
-10 volts. Typical zero-bias capacitances are on 
the order of 0.2 to 5 pf. Cutoff frequencies range 
from 20 Cc. up, but in general the higher the 
cutoff frequency the better the noise figure. 
Typical diodes are the Microwave Associates 
MA-450 and 460 series, and the Sylvania 
D4075, D4140 and D4141 series. 

Paramp Limitations 

Someone may be wondering about the noise 
associated with the amplifier output load, and 
whether it is amplified along witl1 the signal by 
the regenerative action of the circuit. It is, and 
the coupling prohlems involved can be solved 
only by tl1e use of an esoteric device known as 
a circulator. The circulator has the unique prop
erty of pennitting power to flow in one direction 
only, behveen certain pairs of tenninals. By 
properly connecting a circulator in a receiving 
system using a paramp, the noise generated in 
the load can be made harmless by dissipp.ting 
it in a resistive system. 

Without a circulator, checking noise figure by 
means of a noise generator can lead the worker 
astray, in that appai-ent noise :figures much lower 
than the actual are indicated. Another "fudge 
factor" in noise generator measurement with a 
pa ramp is the low indicated noise figure obtained 
when a pump frequency only twice that of the 
signal frequency is used. Such an arrangement 
is fwlClamentally limited to a mini.mum noise 
figure of 3 db., but noise generator measure
ments may indicate a noise figure of zero db. 
These factors were undoubtedly at the bottom 
of some early amateur enthusiasm for paramps. 

All tltis is not to say that the parametric run
plifier bas no place in the amateur u.h.f. pic
ture. lt certainly does have, for those amateurs 
sufficiently skilled in receiver work to assess 
what is being accomplished with the many ad
jushnents required. The parrunp as generally 
used in the amateur field is a very tric:ky item. 
The pump frequency and power level should 
both preferably be adjustable, in tl1e interest of 
precise adjustment, yet both slwuld be reason
;ibly stable, so that they will stay put when other 
adjustments are made. T hese two attributes are 
not readily combined in r.f. power sources at 
several tl10usand megacycles! 

Most paramps built by amateurs have used 
klystrons for pump so\irccs. A 432-Mc. parrunp 
requires something around 4000 Mc. or higher, 
for best results. Since the power and frequency 
stability of a klystron oscillator are both rela
tively poor, adjustment of a paramp using one 
becomes something approaching black magic. 
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The pump frequency nnd the diode bias must 
be adjusted, and then the pump power in
creased, while fiddling with the other two 
items. All three react on each other. If the op
erator Roally does get things peaked up for 
optimum results, a slight change in load imped
ance (such as may occur when the antenna is 
rotated and objects of di.Hering reflecting prop
er ties appear in its pattern) will throw the ad
justments off, and the work starts all over. 

Measurement of the various "parameters," an 
over-worked word we'll use this once, since 
we're talking about parametric amplifiers, is all 
but impossible. Adjustment for optimum results 
is cut-and-try, to a degree probably not encoun
tered in any other amateUI electronic endeavor. 
Re~'Ults can be worth the trouble. Even with

out the circulator (and not many amateUis have 
access to one) it should be possible to develop 
noise figures around 3 db. at 432 Mc., at least 
2 db. better than is likely with vacuum lubes 
or crystal mixers. It is not easy, nor very per
manent, but you will have fun along the way! 
It is worth noting that great progress has been 
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made in tbo development and production of 
low-noise transistors for u.h.f. applications. They 
pretty well take over the burden of low-noise 
reception a t 432 Mc. nnd should do the same for 
higher frequencies eventually. 

Until such times as they do, there is consider
able to bo gained from use of the paramp for 
1000 Mc. and up. There is little practical value 
in a paramp for lower amateur bands, except for 
prac tice and experience. The principles are ap
plicable at any frequency, and suitable pump 
soUices for lower bands arc readily obtained. 
The amateur who wants to learn more about 
parnmp constrnction and adjustment can work 
with them at 50 or 144 Mc., where measurement 
of resltlts is considerably easier ~han at u.h.f. 

The Bateman-Bain series12 describes practi
cal parnmp construction for 144 Mc. An effective 
parnmp for 1296 Mc. was described in January, 
1961, QST.13 A modification of this for 432 Mc. 
appears in October of the same year.1'1 A •132-
Mc. paramp with crystnl-controlled pump, the 
work of K2CBA and Wl WID, was described in 
Edition l of this Manual. 

FREQUENCY M UL Tl PLICATION 

WITH POWER VARACTORS 

We are indebted to Henry H. Cross, WIOOP, 
for the flrst practical information on use of var
actors for frequency multipliers in transmitters 
for 432 Mc. The following is mainly from his 
QST treatment of this subject.15 

Power varactors now available to amateurs 
will give up to 15 watts output on 432 Mc. 
when driven with 30 watts on 216 Mc. They 
will do almost as well tripling from 144 Mc. 
The trlpler described below will give a substan
tial signal on 432 when driven by nothing more 
than any of the popular a.m. transmitters such 
as the Communicator. No amdlliary power or au
dio is required. 

- v 

!-VARACTOR CHARACTERISTIC 

a 

APPLIED CHARGE CURVE 

The d.c. voltage-capacitance characteristics 
and the output voltage as a function of time, 
for sine-wave current input, arc shown in Fig. 
10-18. Once the diode draws conduction cur
rent, the theory gets more complicnted, but har
monic output does not cease, so the complica
tions can be ignored for small currents. If the 

Fig. 10-18- 0.c. voltage-capacitanco charocteristio, and 
output voltage as o function of time, of o voroctor 
multiplier for sine-wave input current. 

10 
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INPUT POWER, WATTS 

Fig. 10-19- Power output from o 
450-Mc. tripler using o Type MA· 
4060A power varoctor. The solid lino 
shows the power available ot va rious 
drive levels, when the tripler is 
tuned for maximum output with 20 
watts drive. Uniform efficiency, up· 
per curve, is possible> if the system 
is retuned for ooch power level 
change. 
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Fig. 10-20-lnterior of o doubler 
stoge using o power voroctor. 
Driven with 20 watts on 216 Mc., 
it delivers 10 watts on 432, yet 
it requires no power supply or 
modulator. 

multiplier is retuned each time the drive level 
is changed, an input-output curve similar to the 
upper curve of Fig. 10-19 is observed. For one 
tuning condition, the lower curve applies, and 
this is the case where tun. is applied to the 
input. The function is not perfectly linear, but in 
on-the-air tests the 432-Mc. signal from a 2-
meter phone rig and a varactor multiplier 
sounds quite satisfactory; bettor in fact than 
some 432-Mc. plate-modulated setups. Doubling 
from 216 Mc. to 432, with a unit like that in 
Fig. 10-20, the varnctor docs even better. 

The drcuit of the varactor doubler is given 
in Fig. 10-21. This works well with any 220-'Mc. 
transmitter of moderate power. To operate in 
the segment of the 420-Mc. band usually 
reserved for narrow-band work, 432 to 436 ~fo., 
tho 220-Mc. rig is tuned down to 216 Mc., by 
using a crystal at about 8 Mc. even, and re
tuning the various stages to the lower frequency. 

The trap, L 5CG, is mostly to simplify tuning; 
without it changing the output capacitor, C3 , 

would also change tho tuning of the 216-Mc. 
circuit. The double-tuned input and output cir
cuits help to establish that Lhe measured output 
is on tho desired frequency. The circuits arc 
rather low-Q, however, and use of a coaxial 
filter in the line to tJ1e antenna is recommended, 
to prevent radiation 0 11 tho driving frequency. 

Tripling to 432 

A 432-Mc. tripler built by WlEHF is shown 
in Fig. 10-22, and tho circuit in Fig. 10-23. 

Fig. 10-21-Schematic diagram and ports information 
for the voroctor doubler. 
C,, C1-8.7-pf. miniature variable (Hamma rlund MAC-

10). 
c., C,-5-pf. miniature va riable (Hommorlund MAC-5). 
c.-9-pf. subminioture vorioblo (Johnson 189-503-4). 
CR,-Power varoctor (Microwovo A'Sociotes MA-4060A). 
J,, J2- 8NC coaxial fitting . 
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There is an intermediate resonant loop on 288 
Mc., and two traps, one on the input fre
quency and one to isolate the 288 from the 
output tuning. Tlie "idler" at 288 gives improved 
432-Mc. output. Theory stipulates that such an 
idler is needed, and tripling is not very satis
factory without it. Performance is shown in Fig. 
10-19. 

The traps can be tuned up witli a dip meter 
before they arc wired in place, and they should 
not require readjustment in the multipliers. 
The best way to tune the rest of the system is 
with an output indicator of some sort, on a 
dummy load. A directional coupler at the input 
is convenient for setting up the input network, 
which should be adjusted for zero reflected 
p0wcr. ~faximum drive to the multiplier should 
then be obtained by adjustment of tlic driver 
output circuit, not L 1C1 -

When the driver is to be modulated the final 
peaking of the multiplier should be done while 
modulation is applied. Whistle loudly, while 
tuning for best linearity. This setting will not 
be the same as that for most carrier output. 
With a tripler, 20 watts of drive on 144 will 
give 8 watts c.w. on 432, and about 2 watts 
carrier for a.m., when tuned for best linearity. 

The varactor multiplier is becoming increas
ingly popular as n means of developing power 
on 432 Mc., with f.m. and c.w., wliere its full 
capabilities are realized, and for low-powered 
a.m. with a modulated driver. A doubler similar 
to the one shown in Fig. 10-20 is used with the 

216>fc. 

l 1-4 turns No. 20, %-inch diam., % inch long. Top at 
1 turn. 

1.,-5 turns No. 20, %-inch diam., % inc.h long. 
~-2'h turns No. 20, ~inch diam., \4 inch long. 
L,-2 turns No. 20, 7\-inch diam., \4 inch long. Top at 

1 turn. 
L.-3 turns No. 22, \4-i nch diam., \4 inch long. 
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220-Mc. transmitter of Fig. 6-20, to drive a 
4CX300A amplifier at W lHDQ. With less than 
20 watts output on 216 ~le. enough •132-r-.!c. 
drive is developed to give up to 150 watts out
put from the amplifier, on f.m. or e.w. The 

U.H.F. AND MICROWAVES 

Fig. 10·22-lnterior of tho varaclor trip
ler, for 432-Mc. output with 144-Mc. 
drive. 

multiplier is also used occasionally for low
power work, feeding tlie antenna d irectly. The 
strip-line fllter of Fig. 12-12 is then used in the 
line to the 432-~!c. array, to prevent radiation 
on 216 Mc. 

J·/·IMc. 2 8 8/o(C. 432Nc 
l• L, L, 

Fig. 10-23- Schemotic diagram and parts information for the tripler from 144 to 432 Mc. 

C,, C,, C3-10-pf. miniature variable (Hammarlund 
MAC-10). 

C,, c.-5·pf. miniature variable (Hammarlund MAC·5). 
c.-12-pf. subminiature variable (Johnson 189-504-4). 
C7- 9-pf. subminiature variable (Johnson 189-503-4). 
C-leads of No. 26 insulated wire, twbted together for 

2 turns. 

CR,-Power voractor (Microwave Associates MA-4060A). 
J 1, J:-BNC coaxial fitting. 

l 1-9 turns No. 18, n·inch dia., ~ inch long. Tap at 
2Y.i turns. 

1.,,- 7 turns No. 18, 'lfl·inch dia., "17 inch long. 
l,- 4 turns No. 18, 'A·inch dia., 3/16 inch long. 
L,-2 turns Na. 20, 'A·inch dio., ~ inch long. 
L,-3 turns No. 20, 'A·inch dia., 'A inch long. Tap al 

1 ~ turns. 
L.- 4 turns No. 22, 'A·inch dia., 5/16 inch long. Tune 

cold ta 144 Mc .. 
L,-l'h turns No. 22, 'A·inch dia . Tune cold ta 288 Mc. 

VARACTOR TRIPLER FOR 
432 TO 1296 MC. 

Happily varactor multipliers work al.roost as 
well on higher frequencies as in the 432-Mc. 
applications just described. A varactor tripler 
for 1296-Mc. output with 432-Mc. drive is 
shown in Fig. 10-24. It is the work of Wayne 
Taft, WlWID, who also contributed tbe basic 
information on varactors earlier in this chapter. 

Except for the 432-Mc. circuits, coils and ca
pacitors are out of the question for this applica-

Fig. 10-24-Voraclar multiplier for 1296-Mc. output 
with 432-Mc. drive, designed and built by WlWID. 
Cose is o 3~ by 1-i nch bran box. Lo rge >Crews at the 
left ore the movable elements of capacitors C., C5 and 
c •. 
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Fig. 10-25-lnterior of the 1296.Mc. varaclor tripler. 
Coils and variable capacitors are the 432-Mc circuits. 
Inductances for 1296 Mc. a re copper strips. L-shaped 
shield of brass isolates input and output circuits. 

tion. Strip Hoes are used in an ingenious and 
relatively simple manner. The circuit, Fig. 10-
26, is almost identical to that of the W lOOP 
432-Mc. tripler, but the circuits will require ex
plaining, to the rnader accustomed to the way 
such things look on lower frequencies. 

The varactor is mounted in the center of a 
brass box 3li inches square and l inch high. 
Adjacent to the BNC input fitting near one cor
ner of the box is the 432-Mc. input circuit, L1C1• 
A small piston-type trimmer, C.,, couples energy 
to C3 and L2• The latter may be seen connected 
to the varactor at the center, though the varac
tor itself is out of sight under the strip-line 
circuits for 1296 Mc. 

The line circujts are cut from flashing copper 
l\; inch wide. In the model shown they are 
made of separate strips soldered together, but 
they could be cut as shown in Fig. 10-27. L~ 
is an "L" in shape as well as in function. The 
16-inch hole in one end fits over the varactor 

J, 
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post. At the other encl is C4 , which is merely a 
piece of ~8-inch brass or copper tubing, soldered 
to the strip, and facing toward the top of the 
chassis. Running t11rough the chassis is a No. 10 
brass screw, which is the "rotor" of C4 • It runs 
into the cup formed at the end of L:i by the 
brass tubing. 

Construction of L4 is somewhat similar, ex
cept that coupHng capacitor Cn is built into it. 
The capacitor C11 is merely another No. 10 screw 
that runs down so that its end makes a small 
variable capacitance to ground at the right-an-

t-•Vi-;--1 vo·-; 
1 i ....---jlEHD UP 

BEHD 
UP 

1t;u'BRASS 

MATERIAL: FLASHING COPPER 

Fig. 10-27- Detoils of the cose ond copper strip lines 
for the 1296·Mc. tripler. 

Fig. 10·26-Schematic diagram of the 1296-Mc. tripler. 

C., C3- S·pf, miniature trimmer (Hammarlund MAC-5). 
C,-0.S to S·pf. piston trimmer. 
C., C., C~-10-32 brass screws, run ning through brass 

nuts soldered lo lop of case. Locknu ts ore ny· 
Ion. C, has %·inch length of 'li·i nch brass or 
copper tubing soldered to under<ide of ~ to 
inc:rea.se maximum capacitance. 

C6-Benl·up tabs on L, and L,., approximately 3/32 inch 
apart. Bend for adjustable capacitance. 

CR,- Varactor diode (Microwave Associates MA4062D). 
J 1, J,- BNC fittings. 
L1-3 turns No. 18, %·inch diam., 'Iii inch long, c.I. 
~-like ~ but 2 turns. 
~ L., L,- Copper strip lines. See text and Fig. 10-27. 
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gle turn in L.1. T11erc is no brass cup at this 
point, as only a very small capacitance is re
quired. Coupling between L.1 and L~ ( C0 in tho 
schematic) is made by bending up the ends of 
the short arms of L.1 and Ln. These l~-inch wide 
surfaces then face each other about %z inch 
apart. 

The output inductance, ['fi> is the most com
plex piece. It is bent into U shape at one end 
to support itself at the same height from the 
chassis as the other inductances. The output 
tap for the DNC connector is made at n 
point l~s inch from lhis end. Capacitor C; 
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is the third brass screw, the end of which pro
vides variable capacitance in the same manner 
ns described for Cn· 

AJI this is an involved way of saying that 
tuned circuits rea!Jy reach an elementary sim
plicity at frequencies this high. They are con
fu sing only when we think of "coils" and "ca
pacitor:1" in their 3-to-30-Mc. connotat ion. The 
small shield visible in the photograph is the full 
height of the box. It isobtes the 432-Mc. cir
cuits from the output, thereby keeping the level 
of the unwanted 432-Mc. energy in tho output 
lower than it would be with an open layout. 

TRANSMITTING CONVERTER FOR 50 TO 432 MC. 

A varactor diode can be used as a combination 
mixer and multiplier, to produce a 432-~lc- sig
nal from a 50-l\lc. source. The transmitting 
converter of Figs. 10-28 lo 10-30, originally de
scribed by WllGJ in QST for MaJch, 1966, uses 
50-Mc. energy from a Heathkit HX-30 (s.s.b. 
exciter of about 6 watts output) and 10 to 15 
watts of energy on 190.75 Mc. to produce about 
3 watts of s.s.b. output on 432 Mc. With the 
HX-30's ttming range of 50 to 51 Mc., the result
ing output frequency range is 431.5 to 432.5 Mc. 

The 190.75-~lc. pump energy is doubled in 
the varactor to 381.5 Mc. The unwanted prod
uct, 381.5 - 50.5 = 331-Mc., is also generated, 
and must be supported by the idler circuit, L:;, 
C; in Fig. 10-28. This frequency does not appear 
in the output. There is some 381.5-.Mc energy 
in t11e output, but this is removed ensily with a 
coaxial or strip-line filter. 

190.l)Mc. 
IOOk .... 

Circuit Description 

The input parallel-tuned circuits, L3C3 for the 
pump frequency, and L1C 1 for the signal fre
quency, arc lightly coupled to the varactor via 
pi networks. Although this appears unsatisfactory 
at first glance, it will be noted that the reactance 
of the 50-~lc. pi-network inductor, L9, at the 
pump frequency is so high ns to constitute an 
open circuit. Conversely, the pump inductor, L~, 
presents essentially no reactance at the signal 
frequency but the capacitor to ground, C4 , does. 
Therefore essentially no loading of the signal 
frequency occurs. 

The output has series-tuned idler circuits for 
381.5 l\lc. (pump frequency X 2) and 331 Mc. 
(pump X 2 minus signal ), and two resonant 
circuits for 432 Mc. (pump X 2 plus signal). 
Output is taken from a tap on the output tuned 
circuit. 

Fig. 10-28-Circuil of the parametric converter. Resistances aro In ohms (K = 1000); capacitances oro in pf. 
(µµ.f.) 

c., c,-30.pf. variable (Johnson 160-130). 
C,, C,-l 5·pf. variable (Johnson 160-107). 
C~l l·pf. variable (Johnson 189). 
c., c •. c,.-5.pf. variable (Johnson 189). 
c., C0-Gimmick, 3 turns No. 18 solid plastic<ovcrod 

hookup wire twisted together; Yi-Inch length 
for 190 Mc.; 3,4.inch length for 50 Mc. (Johnson 
trimmers moy be used as shown Ir> photos). 

C11- Gimmick, 2 pieces 111X7/1 6 copper ribbon 
over-lapped % inch, spacC>d 0.020 inch. 

CR1- Vorador diode (Amperex H4A/ 1 N4885). 
J ., J,- BNC female. 

J2- Typo N female. 
L1-10 turns No. 20, Yz·inch diam.; tap at 3 turns 

(B & W 3003). 
L,-10 turn' No. 20, %-Inch diam. (B & W 3007). 
L.-3Yz t. No. 18, !h·ln. diam.; tap a t l t. (8 & W 3003). 
l ,-3 turns, some as l 1, without top. 
L0- 4 tu rns No. 18, Y.,.inch diam., spaced wire diam. 
1,,- 3 tu rns No. 18, Y..·lnch diam., spaced 2 times wire 

diam. 
Lr-2 turns No 18, l4·inch diam., spaced 2 times wire 

diam. 
1,,-2 turns No. 18, 14-inch diam., spaced, top a t Y, turn. 
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Fi g. 10-29- Paromctric up·canvertcr for tra nsferri ng a 
50-Mc. s.s.b. signal to 432 Mc. The large block object, 
a .heat-dissipati ng cap for the varacior, token from a 
2C39A tube, is not ncedod ii an oll-metol chossis is 

used. 

As may be seen in the photographs, the unit 
is huilt in an inverted 4 X 6 X 2 inch chnssis. 
The mounting plate is Yin-inch-thick do11hle
sidcd printed-circuit hoard ( 0.040 copper may 
be used if desired.) All cornponenti; arc mo1111 tcd 
on this plate. Wiring is done with at least No. 18 
wfre going point-to-point. Most leads arc inher
ent in the components. The varaclor heat sink 
shown is not necessary if a solid metal mo11nti11g 
p la te is used. 

Adjustment and Operation 

Adjustment of the converter is a little tedious 
since there are eight inte racting controls. First 
apply about 10 to 15 watts of pump power 
through an s.w.r. indicator, and adjust Ca ancl C.1 
for mininnun s.w. r. A fi eld-strength motor tuned 
to 381 Mc. placed nearby wiU serve to detect the 

Fig. 10-30- Under side of 
the 50-to-432 converter. The 
50-Mc. circuits arc at tho 
lower left, 190.75-Mc. circuits 
at the upper lefl, and 432-
Mc. output circuits with idler 
tanks along the right side. 
The varaclor diode is al tho 

top just lo right of contor. 
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doubling operation. Tune C8 for maximum 381-
J\k. signal. Go back and forth a few times be
tween C3, C.1 :ind CR, adjusting for maximum 
381-Mc. signal an<l minimum s.w.r. (they should 
coincide). 

Now connect a load, preferably a watbneter, 
to the output and apply about 1 watt ( 30-per 
cent scale on the HX-30) to the 50-1\lc. input. 
Tune the wave-meter to 331 1\lc. and adjust 
C1, C2 and C7 for maximum as above. Now tune 
the wavcmetcr to 432 Mc. an<l adjust C0 for 
maximum signnl. Adjust C10 for maximum output 
lo a wallmcter or other output indicator. Note 
tllat a high wavemeter indication a l 432 !vlc. 
indicates only circulating current in LiC!J-not 
output. At lllis point it is well to go back and 
start again. Since all the adjustments interact to 
some extent you should go through at least three 
times. Do not be upset if the output indicator on 
the HX-30 goes up when connecting to the con
verter; this is normal. A 6-db. pad between the 
HX-30 and the converter gives better carrier 
suppression since you can use more audio (side
band power) whiJe the carrier level output of 
the HX-30 remains essentially constant. 

The uni! exhibits good linearity when used to 
d rive a 2C39 g.g. ampli£er to about 12-15 watts 
output. There is some leakage of the 381.5-Mc. 
signal into the output; this is removed by a 
couple of t11 nccl flmplifiers or by a simple high-Q 
fil ter (sec Ch;1pter 12). With no Jilter the 381-
Mc. signal is a t least 20 db. down from the 432 
output. 

This same sclleme can be used to conver t from 
a 28-Mc. s.s.b. exciter, with appropriate changes 
in pump frequency and idler resonances. It is 
possible to triple from the pump source instead 
of doubling, with little change in efficiency. The 
overn IL pcrfomrnnce is nearly the same except 
for slightly higher pump power requirements to 
make up for a<lcil tional loss. 
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TRANSISTOR PREAMPLIFIER FOR 432 MC. 

The transistor preamplifier of Fig. 10-31 has 
an appreciable edge in performance over any 
r.f. amplifier that could be made with vaccuum 
tubes so no tube designs are given for this and 
highe~ frequencies in this Manual. The design 
follows one used in a 432-Mc. converter built by 
John Clark, K2AOP, ancl described by him in 
QS1' for December, 1965. The basic converter 
information is also in The 45th Edition of the 
Radio Amateur's Handbook . 

Bipolar transistors arc used. The model shown 
was tested with RCA 2N3478s and 2N2857s, 
but there arc many other u.h.f. types available 
now that should give equal or better perfor
mance. Reversing voll'age polarity permits use 
of p-n-p transistors. Side-by-side comparisons 
with the best vaccuum-tube r.f. amplifiers dem
onstrated that signals very close to the noise are 
definitely more rcnclable when the transistor 
preamplifier is used. Its gain is adequate to over
ride the noise of almost any crystal-diode or tube 
mixer, however poorly .it may be working. 

Construction 

Coil-and-capacitor circuits are usable with 
transistors at 432 Mc., but the trough-line ar
rangement shown is easy to make, and it is prob
ably better in rejection of unwanted signals than 
if lower-Q coil circuil~ were used. Lines L 1, L2 
and L~l are Jj-inch copper tubing, fitted tightly 
into holes in one end of the box, and soklered 
direc tly to the fixed elements of the ceramic Lrim
mers at the other. No need to use expensive glass 

' trimmers-the Centralab 829 series, 30 cents 

fig. 10-32- lnterior of the 432-Mc. amplifier, with the 
in put circuit at the left. Partitions ore held in place with 

spade lugs, and no heavy soldering is required. 

Fig. 10-31 - A two-stage preamplifier for 432 Mc. The 
box is silver-plated brass, but flashing copper could 
be used with equally good resulls. Connections to the 
bases a nd collectors ore brought out on feedthrough 
bypass copocilors, lo permit changing the operating 

conditions . 

each, do the joh nicely. The end of the tubing is 
countersunk slightly with a ~-inch drill, to fit 
over the silvered end of tl1e trimmer. This is 
better mechanically and electrically than using 
tl1e flexible wire lead on tl1e trimmer for making 
tl1is connection. 

Dimensions of the box are shown in F ig. 10-34. 
Vle used Y.1:.!·inch brass, but flashing copper is 
good enough, and easier for the kitchen-table 
worker lo handle. We silver-plated the box and 
lines, which made the completed ampWler pretty 
(for a while) but probably accomplished little 
else. Without silver plating, copper is better than 
brass electricnlly, though brass works beautifully 
witl1 hand tools and is easily siJver plated. See 
Chapter 13. The pn.rtitions are also brass, held 
in place with two spade lugs each. 

The transistors are in the left and center com
partments, about 1% inches up from the bottom, 
as seen in Fig. 10-32. They hang by their leads, 
a method thnt might not be desirable for a re
ceiver to be shot into space, but entirely satisfac
tory for amateur use. The base leads go directly 
to feed-through cnpacitors, C4 and C6• The bias 
networks, n ! -R2 and R3-R4, are connected exter
nally. 

The emitter lends are connected to the junc
tions of the blocking capacitors and 1000-ohm 
resistors, without support other than that af
forded by th e.~e parts. The collector leads run 
through Jl-inch holes in the two partitions. As 
indicated in Fig. 10-33, the collector circuits are 
in the center and right-hand compartments. Col-



432 Mc. Preamp. 

J, 

Fig. 10-33-Schemotic diagram and 
ports information for the 432·Mc. pre
amplifier. Resistors ore )7.watt or less. 
Copocilonces ore in microfarads (µf.) 
where shown on the diagram; va lues not 
critical. Broken li nes show approximate 

positions of shield pa rti tions. 

C,, C, , C,-1 to 7.S ·pf. cylindrica l trimmer 
829-7). 

c. 
.00 1 

(Ccntrolob 

c,, c,, c ., c ,-0.001-µ.f. feedthrough bypass; 500.pf. 
o lso usable (Centrolob FT-500 or 1000). 

J 1, J"-Cooxio l connector, BNC type. 
L1- %·inch copper tubing 3~ inches long. Dril l out end 

slightly to lit over capacitor body. Tap L1 al 2 
inches and H~ inches, l : al 1 inch a nd 2 inches, 
l 3 a t 2 inches a nd 17 inch, a ll up from ground-

lector voltage is fed in thrm1gh Cr. nnd C7 , from 
the top of the box. 

Adjustment 

Tuning of the preampli fier is very simple. The 
circuits are first peaked for maximum gnin, nnd 
the input circuit is adjusted for best si,:!nal-to
noise ratio. No attemp t was made lo adjust the 
tap posit.ions, as the amplillcr s<;:erned to work up 
to the specificalions for the transistors, just as as
sembled. The value of R1 in tl1e bias network of 
the first stage is the principal critical factor, and 

1
/2 - I Y;, Yi- . 
-G C G c rl c FIL.: oui c.Jt:necs 

-~= .!."'--r~-- - - ,/ I 
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c, 

9V. D.C, 
,..J.,r----o -

ed end. See Fig . 10-32. 
Q ,. Q.-2N2857 or 2N3478. See text. 
R1- Adjusl for maximum goin and best signol-to-noise 

ratio. Value in original wos 2800 ohm• with a 
2N2857 for Q1• 

R3-Adjust value for maximu m gain, if necessary . 1000 
ohms used with 2N2857 for Q,, purposely 
lower than moximum-goin vo lue. See t ext. 

R,., R,-Lobeled for text reference. 

it will vary w ith different types of transistors. 
Use a 5000-ohm control temporndly at this point, 
with a 10-ma. meter connected in tl1e negative 
lead to monitor th e total current drain. \ Vith the 
28.57s the optimum value for R1 was about 2800 
ohrns, and the current to the firs t stage was about 
2 ma. Higher current drain causes noise to rise 
faster tlian signal level, and much lower current 
cosl~ some gain. About 200 ohms either way is 
e nough to make a 110ticeablc d ifference in noise 
figure or gain . With the 2N3478 a lower value 
may be better. 

I 
I 
I 
I 

~4~ 
I 
I 

I 

The value of R3 can be juggled to suit require-

i- - - -3·- - - .... 
I 
I 
I 
I 

r- -3·---. 
Fig. 10·34- Prindpol d imensions of the box, partitions and cover for the 432-Mc. 
amplifier. Material is 1 / 32·inch sheet brass, silver plated. Flot plates should be 
cu t os shown then bent up along broken lines. Where precise bending connot be 
done it is recom mended that the cover be bent up lo fi t ofter the box is made, 
Hole sizes should be checked with ovoiloble parts. Those shown ore as follows: 

A-% inch, 8-No. 28 dri ll, C- No. 28 d rill, with 3/ 32 the bottom lip of the cose should be a press fit for the 
by 1/32 notches, D- 3/16 inch. The three " A" holes in tubing used for l 1, l 2 and La. 
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ments. It is not often necessary to run this stage 
at maximum gain, since noise Ggure is controlled 
mainly by the first stage. With about 1000 ohms 
at R3 we had plenty of gain, with complete sta
bility. More gain is available, with higher resistor 
values (more current drain) but in.stn bility may 
develop with some transistors. If there is a justi
fication for the higher-priced units, greater sta
bility under high-gain conditions i~ probably it. 
There should be no problem in getting adequate 
gain with the 2N3478s, and holding gain down 
by means of Ra need not "cost you" in noise fig
ure. 

Total drain at 9 volts is about 4 ma. Higher or 
lower voltages may be used if Ri. and R3 are ad
justed in the manner outlined above, using the 
lowest current drain that gives optimum noise 
figure ( R1 ) and gain ( R3 ). 

TRANSISTOR PREAMPLIFIER 

FOR 1296 MC. 

Really effective use of amateur v.h.f. and 
u.h.f. bands has always hinged on the develop
ment of good receivers. This has been true from 
the earliest days, and today the threshold is the 
region just above 1000 Mc. Until the advent of 
u.h.f. transistors for r.f. amplifier service, the best 
receivers for the 1215-Mc. band used crystal 
mixers and low-noise amplifiers at the intermedi
ate frequency, as in the 1296-Mc. converter de
scribed later in this chapter. 

Transistors for r 1. amplifier service above 
about 500 Mc. are in limited production at this 
writing, and thus are fairly expensive. Channels 
are available whereby experimentally-inclined 
amateurs can obtain them at somewhat below 
current market prices. 0 The 1296-l-.fc. preampli
fier of Fig. 10-35 wns worked out experimentally 
by K2UYH and otl1ers, and described by him in 
QST for November, 1967. In the same issue was 
another preamplifier of more complex mechani
cal design, using the TIA'MlOl transistor, de
scribed by K4QIF. Either amplifier will make a 
worthwhile improvement in the performance of 
the best crystal-mi'<cr converter. 

Construction 

The amplifier was built into a 3l: by 2J' by 
1%-inch Minibox. Disk ceramic capacitors are 
used to couple into and out of the preamp. Their 
leads are cut as short as possible to keep induct-

0 The K..\ofC 2500-series transistor$ used by K2UYH, and 
the improved 5200 series not uvnilnble when the model 
shown WAS built, may be obtained nt macleralu prices 
from Snnmel G. Nelson, W2MHK, Reaville Associates, 
RFD 1, Box 200, Flemington, N.J. 08822. 

U.H.F. AND MICROWAVES 

Fig. 10-35- The 1296·Mc. transistor preamplifier by 
K2UYH. Rectangu lar object ot the upper loft is a minia
ture control, R,, for regulating bias. Tho diode at the 
upper right is in the plus 9-volt lead, for transistor in
su rance in case of Inadvertent battery polarity rovorsal. 

ance down. The pi-network tuned circuits are 
composed of two 10-pf. glass trimmers ( Usted in 
some surplus Oyers for about 30 cents) con
nected to each end of ! -inch copper straps. The 
width and shape of the copper straps, L1 and L2, 

are adjusted so that maximum gain comes within 
the tuning range of all capacitors. A %-inch 
width gave good results with a majority of the 
K-2500s tried, hut variations were noted from 
one transistor to the next. Notice tll:1t tJ1e strap is 
soldered across the tops of the capacitors, to keep 
inductance down. The position of the end of the 
strap on the capacitor tem1innl can be changed 
to give a slight range of inductance adjustment. 

One need not be overly concerned with over
heating of the transistor in soldcril1g, if reason
able care is used. Ordinarily tl1e lends will not 
conduct enough heat to <lo any damage. The 
small wire breaks off easily, however. The tran
sistor is positioned between the capacitors c!! and 
C3 , clirectly above a thin copper shield mounted 
across the center of the box. This extends tho full 
height of the interior but hns a notch cut nt tl1e 
point where the transistor wilJ be. The emitter 
wire is soldered to this shield witl1 tl1e shortest 
possible lead. 

Adjustment 

For the initial tuneup, the bias should be set, 
by R1, so that the transistor draws less than 1 
ma. A signaJ source can then be connected, pre
ferably through an attenuator, and the four trim
mer:; ncljustc<l for maximum gnin. De careful of 
oscillation and false tuning combinations. The 
proper capacitor settings will result in uniform 
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K-2500 

Fig . 10-36- Schematic diogram o nd parts informotion for the 1296-Mc. preomplifier. Decimal volues of ca· 
pacitonce ore in µf., others in pf. 

C1, C, C., C,-1to10 pf. glou trimmer. 
CR 1-Any power-supply type diodo rectifier. 
J,, J0- BNC fitting. 
l 1, lo-Thin copper strip, 1 by % inches. See text. 

gnin over n wide frequency range. The bias can 
then be adjusted for maximum gain, which will 
occur at a collector current somewhere between 

Fig. 10-37- Tho importont item in this picture is prac
ticolly invisible: the tronsistor is o tiny black dot al 
the center of the aSlembly. Tank circuits ore u.h.f. ver
sions of th e pi network, for matching the low input ond 

output impedances of th o tra nsistor. 

R1- 25,000..ohm t rimpot. 
RFC,-5 turns No. 24 enamel spoced on 10,000-ohm or 

hi gher lll·watt resistor. 

2 and 4 ma. Do not permit the drain to exceed 
lO ma., or the transistor will be damaged. 

Best amplifier noise figure occur~ at bins set
tings that give less current than thut for maxi
mum gain. The optimum noise figure will occur 
at around 1 ma. The setting which will deliver 
the best overall noise figlLre may depend on tl1e 
noise figure of the mixer, and on the nature of 
the stages following, if the mixer is the crystnl
cliode variety. In the light of the high noise figure 
of most 1296-Mc. converters in use today, it may 
be that best overall performance will be ob
tained with the amplifier adjusted for maximum 
gain, as the full 9 db. that this amplifier can de
liver may be required to override the mixer and 
i.£. amplifier noise. The setting that gives best 
signal-to-noise ratio on weak signals is the one to 
use. 

The diode, CR1, prevents damage to tl1e trans
sistor if the wrong polarity is applied. If you're 
sure that you'll always have the polarity right, 
CR1 can be omitted, but it is cheap transistor 
insurance. 

A CRYSTAL-CONTROLLED 

1296-MC. CONVERTER 

Crystal-controlled reception is a must if nar
row-band work is attempted above 1000 Mc. 
The converter of Fig. 10-38 was built by W6-
GGV, with help from K6UQH, K60NM and 
W6VSV. It is not too much more of a project 
than a converter for any of the v.h.f. bands, yet 
its performance on 1296 Mc. is about all that 
c;m be achieved without going to parametric 
amplifiers. 

The injection chain has only two 6J6s and a 
multiplier diode, using a 57.6-Mc. crystal to give 
injection on 1152 Mc. The output frequency is 
144 Mc., chosen to avoid the need for building a 
low-noise i.f. amplifier stage as part of the con-

verter. Most v.h.f. men already havo good con
verters on 144 Mc., so the needed low-noise 
amplification at the intermediate frequency is 
taken care of easily in tllis way. 

The front end, a simple crystal mixer de
signed as an integral part of a trough-line as
sembly, is seen from the bottom in Fig. 10-41 
with the mixer input line at the top of the pic
ture. The diode multiplier is in the bottom 
trough. Diode multipliers generate harmonics at 
all multiples of the driving frequency, so an
other trough is used to reject frequencies other 
than the desired 1152 Mc. This middle trough 
acts like a filter, and as a coupling circuit to the 
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Fig. l 0 ·38- The 1296.Mc. crystal-controlled converter is built on the cover plate of a 
chassis. The oscillator and multi plier stages o t the lef1 o re coax-coupled to the crystal· 
diode multiplier, which is built into the penthouse atop the cover plote. The six screws 
with nylon nuts o re for tuning the three half.wove tonk circuits. The i.f. output frequency, 

144 Mc., is token off through a BNC fitting not visible in this picture. 

mixer. Aperhtre coupling is used into this filter, 
and between it and tho mixer. The mixer crystal 
is visible in the photogmph, centered in the 
aperture between the mixer and filter troughs. 
The aperture coupling system does not load the 
Q of the mixer trough as much as a tapped 
mixer type, and improved rejection of both un
wanted crystal harmonics and out-of-band sig
nals resu.lts. 

The i.f. tnned circuit, L11 and C7 in Fig. 10-45, 
is built into a separate compartment of the mixer 
assembly, a t the right side of the photograph, to 
provide nrnximum shield ing of the 144-Mc. cir
cuits. Unless goo<l shielding is used at this fre
quency, a few strong locals on 2 meters can cause 
a lot of trouble. Details of the mixer assembly 
metalwork are given in Fig. 10-39. 

Oscillator and Multiplier Circuits 

As may be seen from its circuit diagram, Fig. 
10-<10, the vacuum-tube portion of the multi
plier chain is very simple. The 6rst stage is an 
overtone oscillator on 57.6 1\lc. The second half 
of the 6rst 6J6 doubles to ll5.2 1\lc. This is 
link-coupled to the g rids of a second 6J6, 
which is a push-push doubler to 230.'l Mc. The 
230-1'1c. energy is coax-coupled to the multi
plier trough, whero the diode multiplier output 
is picked off at the fifth harmonic, 1152 Mc. A 
fair amount of drive is required to make the 
diode quintuple elfectively, and the 6}6 push-

push doubler provided the most output of any 
tube tried. Substitutions at this point are not 
recommended, though almost any dua.I tube 
will serve satisfactorily in place of the first 6J6. 

The diode multiplie r is the heart of the con
verter. The secret lies in the impedance-match
ing LC network, and in the choice of the diode. 
Credit for the network and aperture mixing 
techniques, both essential for successful opera
tion of the converter, ri~li tfully belongs to K6-
UQH. Several diodes, including the 1N72 and 
1K82, were tried, the best producing a maxi
mum of 120 microampercs of mixer crystal cur
rent. Diodes were then salvaged from plug-in 
u.h.f. converter strips for the widely-used 
Standard Coil TV tuner. Of these, the CBS 
1Nl33 and the Raytheon CK710 worked equal
ly well , yielding 300 to 500 µamp., which is 
more t11an enough. This permitted detuning 
the LC network to decrease the cr)1stal current 
to tho value that gave optimum noise £gure for 
the dioclo used. 

These plug-in converter strips are available 
for the asking, or a t the worst at very low prices, 
at most TV service shops in areas where there is 
or has been u.h.f. television. Several of the di
odes have sinco been used in other work with 
good results. Other diodes :ire undoubtedly suit
ab!t:, one widely-used type being the Radio 
Receptor DR-303, also nvailablo at moderate 
cost. 
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57.6 
Ne. c:::J 

Fig. 10·39-0etails of the mixer-multiplier trough assembly, os 
viewed from the bottom. The builder recommends 0.025· lo 0.050· 
inch sheet brass, but with minor modifications in d osign thin mote· 
rials such as flashing copper could be used. Holes are os fallows: 
A- %·inch drill, an center li ne of oach trough. 8- No. 29 dri ll, 
lapped for 8-32 screw. C- No. 35 drill, topped for 6-32 screw; to 
line up with No. 27 hales in capacitor parts. 0 - 5/16-inch drill, 
on center line of pa rtition E of Fig. 2. E- V.. ·inch drill. F-%-inch 
dril l, BNC fitting clearance. G- Trimmer halo, to suit type of 
t rimmer used; location not critical. The notches at the ends of 

osc. 
6J6 

v, v, 

partitions F and G are coupling apertures. 

DBLR. 

115.2Nc. 

L 2 Ls 

~'-1.--J-..J 

2J0.4Mc. 

L,~C 

~ 

~l·- ·-
OCCUtAL '14\.UCS or ( Afl'ACITANCC Al't( IH µr.; 
OlH["S .6 ft( 114 ppf, (Jl([pt A5 INOICAT£0 .. 

;J; .001 

6.3 o.c. o.c. 
- rsov. REG. 
- 25ov. 

Fig. 10-40- Schomatic diagram of the oscillator and multiplie r section of tho 1296-Mc. converte r. 
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C1- ll -pf. buttorfly variable (Johnson llMB 11 or L0-2 lurns No. 24 enamel around cold end of L,. 
160-211). l,-liko L0, but at contr of L •• L., L, and link of one piece 

c.-9-pf. miniature variable (Johnson 9M 11 or 160· of wire. 
104). L,-8 tu rns No. 18, '!.·inch dia m., %-i nch long, c.t. 

C,- 7-45-pf. ceramic trimmer. L0 - l turn No. 18, ;11.i nch diam. 
L,-10 turns Na. 24 enamel on ~i-inch iron-slug farm. L,- 1 turn insulated hookup wire coupled to L0 • 

L,- 6 turns Na. 20 enamel like L1• 
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Front-End Metal Work 

The front-end assembly is constructed of 
sheet brass or copper, 0.025 to 0.050 inch in 
tl1ickncss. llrass is easy to work and makes n 
solid assembly. fig. 10-38 shows the original 
model, which was made with tlic mixer sigm1l
input cavity slightly shorter than the others. La
ter work proved this shortening to be unneces
sary, so tl1e drawing shows all troughs of equal 
length. 

fo making tho trough, the sheet met;1l should 
be flrst cut to the dimensions and shape shown 
in Figs. 10-39 nncl 10-42. Drill all holes and tap 
wheru req1iired. Before bending, cut along the 
aine indicated in Fig. 10-42, then bend as 
shown. This is easy if you have access to a 
sheet-metal brakc. If not, and you want a par
ticularly neat job, you c:m have it done by a 
sheet-metal shop for a nominal fee. ln doing the 

/BENO VP 
&ENO 

A 8 I 

UP 

\. I l/ 
F I 

~- ------- -----------~ 
'e 

---------~--------
! 
~ BEND UP c 
I ' 

0 
BENO UP_./ '-sAw 

CUT 
BENO U P FIRST 

Fig. 10-42- Bonding inst ructions for the mixer housing. 
Dimensions ore available from Fig. 10-39. Portitions E, 
F ond G, indicated by dashed lines, ore soldered in 
ploco ofter the bending oporotion is completed. Noto 
tho! the lower lip of the i.f. output portion ot the right 
should be bent up first. 
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Fig. 10-42- Bottom view of 
the r.f. end of the 1296-Mc. 
converter. The multiplier cir· 
cuit is tho bottom trough. 
Here o diode delivers 1152-
Mc. energy when driven ol 
230.4 Mc. by the oscillator· 
muhiplier stages. The top 
trough is the 1296·Mc. mixer. 
Seporo ting the two is o n 
1152-Mc. filter and coupling 
circuit. The mixer crystol may 
be seen in the aperture bo· 
tween the fil ter a nd mixer sec
tions. The smoll compartment 
at the right houses the 144· 
Mc. output circuit. 

bending yourself, start with tl1e lower lip of 
tho right-hnnd portion of the assembly first. 
When the bending is completed, soldering of 
tloe joints at A, B, C, and D (Fig. 10-42) with 
intermediate or hnrd solder is recommended. 
A11ything from 30170 to Easy-Flo will do. Par
tition E is then soldered in place with the same 
typo of solder. Pnrtitions F and G may be sol
dered with 60/40 soft solder. The harder vari
l't)' may be used for all work, but it is not rec
omme nded 11 11less you arc patient, and skilled 
with tho torch. 

When the partitions hnve been soldered in 
place, insert the coarse-tuning screws, after first 
having run an 8-32 nylon nut up to tl1e head of 
each screw. Now solder a large 8-32 brass nut 
to the end of each screw. Do this quickly and 
with a minimum of beat, and do not disturb the 
nylon nuts until the screws have cooled com
pletely. Now insert the fine-tuning screws, each 
with nylon nuts, as before, but do not solder 
tl10 brass nuts lo these screw ends. 

Now insert tl10 %-inch hollow brass lines in 
place (in 13 holes marked A, Fig. 10-39 ) and 
soft-solder. File tl1e inside surface of tlie i.f. 
compartmt'!nt, partition E, completely smooth, 
so that 110 sharp projection will puncture the 
insulation 1!1nt is part of the u.h.f. bypass ca
pac itor. N<.:xt, CL contact pin removed from an 
octal socket is soldered to partition F, at the 
deepest point of the aperture, to make contact 
with the lip of the mixer diode. Solder a 2-inch 
length of No. 18 wire to the brass plate (see 
Fig. 10-43) for making connection to the i.f. 
output coil later. The combination crystal-retain
ing plate and u.h.f. bypass capacitor is shown 
in Fig. 10-43. This may be assembled with ny
lon screws as shown, but if these are not avail
able, insulating shoulder washers and brass 
screws will do eq uaUy well. 
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Fig. 10-43-0etails af the mixer crystal mount· 
ing and u.h.f. bypass capacitor. These mount 
on the left odgo of the i.f. output section, as 
seen in tho bottom view. Locations af the mount· 
ing holes aro not critical. so long as these and 
tho mating holos in the mixer assembly line 
up. The center of hole 0 should line up with 
tho center li no of partition F. 

°'"· 0 0.. 

Next, referring to Fig. 10-45, the feed
througb capacitor, CC> L bracket and closed
circuit jack for monitoring crystal mixer current 
are mounted as shown in the top-view photo
graph. Tho three BNC connectors are then 
mounted, along with the 7-tum i.f. coil and 
tuning capacitor, L 0 and C7. The appropriate
sized hole is then carefully drilled in partition 
E at the end of the multiplier comparbnent to 
accommodate the small trimmer capacitor, C4 • 

In the unit pictured, the trimmer capacitor was 
padded with a small flxecl capacitor to bring 
the tuning rnngc of the trimmer to the proper 
point. Tho trimmer pictured is a 0.5-3-pf. unit 
salvaged from an old TV tuner. Use of the 
next larger sizo would eliminate need for pad
ding. The small 4-turn coil, L8, is soldered from 
the BNC connector to the trimmer, and the 
multiplier diode is soldered to the line approxi
mately rn inches from the inside wall of parti-

............ 

No.27 
DRILL 

'-,, 6·3Z 
',, ', NYLON 

--~--- /sCREWS 

,, ~~ 
BRASS -- --. o • 

XTAL RETAINER........-
TA8 

tion E. Tho optimum point will have to be de
termined later on, but this is a good place to 
start. 

Connect the mixer output to the i.f. coil, us
ing the 2-inch No. 18 lead previously soldered 
on the capacitor plate, rn turns from tl1e cold 
end of the i.f. coil. Thfa connection will be ad
justed later for maximum output. The i.f. out
put coupling loop, L10, is installed with loose 
coupling to the cold end of the i.f. coil. 

Tho 1296-lVfc. antenna coupling loop is made 
of No. J.8 bare wire and soldered to the BNC 
connector. Then it is run parallel to the ~~-inch 
lino and grounded to the trough wall. Several 
methods of input coupling were tried: tl1e loop 
as described above, a direct tap on the line, and 
probe coupling. All worked equally well and 
nil are relatively easy to adjust. The probe 
method is worthy of further mention since, of 
the three, it appeared to be the least critical to 

Fig. 10-44- lntorlor view of the oscillator and multiplier circuits of the converter. The two slug-tuned cal ls 
at tho lower right are the oscillator and first-doubler plate circuits, L1 and L0 • Above is tho push-push 
doubler, with its 115.2-Mc. grid cir~uit at the right edge and the 230.4-Mc. plate and output-coupling 
circuits at tho loft a nd above the tube socket. 
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adjust. A ?fo X I-inch piece of brass was solder
ed into the center pin of the BNC connector 
and adjusted by moving it either closer to or 
farther from the line. 

Multiplier Chain 

Tho converter was constructed on the bottom 
plato of a 5 X 9~ X 2~inch chassis. No spe
cific mounting directions are given here since 
the techniques aro quite straightforwnrd. Fig. 
10-40 shows the principal layout details. Subse
quent models were constructed using a lnrger 
chassis. The 1296-Mc. trough assembly was 
mounted underneath the chassis, instead of on 
top as shown, to provide a little more shielding. 
In an effort to achieve greater stability, a longer 
multiplier chain was tried, to eliminate the 
third-overtone crystal. However, the unit con
structed as shown is readily amenable to the 
application of more sophisticated techniques if 
they appear desirable later. Mounting tho crys
ta l underneath the chassis will lielp to insulate 
it from external temperature variations. 

Adjust ment and Operation 

The power supply should deliver 250 volts 
d.c., 6.3 volts a.c. at 2.5 amp. and 150 volts reg
ulated. An additional power plug may be added 
to run power to the .144-Mc. converter if de
sired. Design of the power-supply unit is left to 
tho needs of the constructor. 

When the trough assembly and multiplier 

PtutitwnF 
\ 

L-.C:..-~BNC 

1'14 Mc. 8NC 

~l.F.Out 
l~ 
c, 

230Hc./" 

Fig. 10-45- Schematic diagram of the diode multiplior 
and i.f. output circuits of the 1296-Mc. convertor. Dod· 
mol values of capacitance are in µf., others in pf. 
c,-6·pf. plunger-typo trimmer. 
C,-U.h.f. bypass; sec text and Fig. 10-43, 
C.,-Foed·through capacitor, 0.0005 µJ. or larger. 
C1- 1 O·pf. minia ture variable. 
L1- 4 turns No. 26 enamel, dasewound, l /16-inch di· 

a meter. 
~-7 turns No. 18, l4·inch diameter, 7/16 inch long. 

Tap ot 114 turns. 
L,0-2 tu rns No. 24 insulated hookup wi re inserted be· 

tween tu rns of L0• Twist leods to coa x fitting. 
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chain have been constructed, apply power to 
the multiplier and tune up. With the voltage 
specified, the output at 230.4 Mc. should be 
capable of lighting a No. 47 pilot lamp to ap
proxiniately half brilliance. If the output is 
much less than this, the preceding stages should 
be checked carefully, and adjusted until the 
output equals or exceeds the amount required. 

The multiplier trough may be preset by turn
ing the coarse-tuning screw until it bottoms on 
the trough line, then backing off opproidmately 
one turn. Set the fine-tuning capacitor to a 
depth of approximately ll inch in the trough. 
Set the coarse- and fine-tuning ndjusbnents in 
the filter-mixer trough in U1c same manner. 

The trimmer in the diode multiplier circuit 
should be set to approximately three-quarter 
capacity. Insert the mixer crystal (a 1N25 is 
preferable, but almost any of the 1N21, 1N23 
series will do nicely), and plug n 0-100 micro
ammeter into the mixer current jack. Couple tl1e 
multiplier chain to the crysttil multiplier with 
coax and BNC fittings . Wit1'1 power applied to 
the multiplier chain, a slight deflection should 
be noted on the meter. If no deflection is noted, 
check to make sure that the 1296-Mc. bypass 
capacitor, Cr,, is not grounded. Caution: Re
move the mixer crystal before measuring witl1 
an ohmmeter. 1f there is still no deflection, use 
n grid-dip oscillator tuned to 230. Mc. and light
ly couple into the crystal-multiplier trough. Ad
just C2 and C3 for maximum dip. A slight indi
cation should now be seen on the microamme
ter. Adjust the coarse tuning on both the multi
plier and filter troughs for maximum meter in
dication. Change the meter to n 0-1-ma .. type 
and adjust the fine-tuning and trimmer capaci
tors for peak crystal mixer current. Adjust the 
diode multiplier tap on tho trough lino for maxi
mum mixer current, being careful not to apply 
too much heat to the leads of U1c diode when 
soldering. A pair of long-nosed pliers will con
duct most of the heat away if used to hold the 
diode pigtail during the soldering operation. 
vVhen all adjusbnents have been completed, a 
reading somewhere between 200 and 500 µa. 
should be readily attainable, dependi.ng on the 
type of multiplier and mixer crystal used. 

The injection jrequency is 1152 Mc., the filth 
harmonic of the multiplier chain. The trough 
will not tune to the fourth bannonic of the 
driver, but it will tune to the sixth, 1382.4 
Mc. For this reason it is best to begin tuning 
adjustments from the maximum-capacity side. 

If you have access to a stable 1296~'Mc. signal 
generator, the rest is easy. A local 1296-Mc. 
amateur signal will serve nicely, or you may 
have to build a 1296-Mc. beacon. This is not 
too difficult. Use a 54-Mc. third-overtone Cl)'S
tal in a transistor oscillator circuit and feed the 
output to a diode multiplier trough similar to 
the one described here. The entire unit can be 
built in a small box about 2 by 3 by 4 inches, 
including the battery power supply. 

!'retune the i.f. coil to 144 Mc. with a grid-

-
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dip oscillator. Connect the i.f. output to a good 
144-1\ilc. converter and the input signal to the 
converter. Tune the signal trough and i.f. tun
ing capacitor for maximum signal. Adjust the 
tap on the i.f. coil for best match. This point will 
be Jf to 2 turns from the cold end of the coil, 
depending on the type of mixer crystal used. 
Carefully position the output pickup link to the 
point of maximum signal while returning the i.f. 
coil each time an adjustment is made. Next, 
adjust the input loop or probe for best noise 
{igiire, using whatever diode noise generator 
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you may have. You will generally find this point 
lies in the direction of greater coupling from the 
position of maxinmrn signal strength. When the 
input circuit has been adjusted for optimum 
noise figure, vary the crystal mixer current from 
.50 µa . to the maximum available . /\fake com
P<lfative noise-figure measurements for every 
20-µa. increase in mixer current. You will prob
ably find tile best noise flg1ue occurs between 
150-200 µa. with very little change for values 
between 200 and 500. You are now in business 
with a 1296 converter. 

SOO·WATT AMPLIFIER 

FOR 432 MC. 

The best tuned circuit for an ampli£er in the 
420-Mc. band is a coaxial Unc. To build a good 
one requires some metal work, but the assembly 
described here shot1lcl not be difficult for the 
advanced worker. Amplifiers of this type have 
been built and used by WlQWJ and WlRVW, 
with excellent results. They nm up to 500 watts 
input on f.m. ancl c.w., and the amplifiers oper
ate very much as they would on much lower 
frequencies. 

Input circuit deta i l~ are given for both 144 
and 432 Mc, permitting the stage to be set up 
for tripling or straight-through operation. An 
inexpensive 4Xl5aA running as a tripler will 
drive any of the 250-series tubes with ease. 

Fig. 10-46- looking down at the coaxiol plate circuit 
of the 500-watt u.h.f. a mplifier. Air fod into the screened 
inta ke, lower edge of the picture, fl ows through the 
enclosed chassis below, up through lhe tube socket and 
out through the hole ot lhe end of the plate line. 

Fig. 10-47-lnterior of the plate ci rcuit a ssembly, show· 
ing the center conductor with its ring of finger stock, 
the output-coupling loop, left, and the disk-type tuning 
capacitor, right. 

Construction 

The basic design should be clear from the 
photographs, Figs. 10-46, 47 and 49. Structural 
details may be obtained from Fig. 10-50. The 
straight-through amplifier and the 144-Mc. grid 
circuit are shown schematically in Fig. 10-48. 
In the amplifier photographed, WlRVW used 
two separate 8 by 12-inch chassis, with their 8-
inch surfaces fastened to a standard rack panel, 
1 inch apart. They are held in firm alignment 
by an aluminum plate fastened at the back. 
One chassis carries the amplifier, the other a 
regiilatecl screen supply. 

The amplifier plate circuit is built in a 3~
inch section of 4-inch copper tubing. This is 
mounted on a 5-inch square brass base plate. 
The top is a copper disk witJ1 a H'-inch air 
hole at the center. Inside the cover is a teflon
insulated capacitor plate,, soldered to .the inner 
conductor of the p late circuit, L,1 in Fig. 10-48. 
The latter is rn-inch copper tubing, 2o/in inch 
Jong. A ring of finger stock extends ~;\ inch 
below t11e end of L3• for making contact to the 
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+H.V, 

Fig. 10-48-Schcmatic diagram of the 432-Mc. amplifier, as set up far straight-through operation. An 
alternate 144-Mc. input circuit for t ripling is shown at the left. 

c,, c ,. c ,-9-pf. miniature 1rimmer (Johnson 160-104 
or 9Ml 1). 

C3- Disk-type tuni ng capacitor, 1 Yo-inch diam. brass. 
c .-Teflan-insu latcd high-voltage bypass. See text. 
C0 - 500-pf. 20.kv. TV-type capacitor. 
C,, C$-Built into socket. 
J ,, J:-Caoxial fi tting. 
L,-No. 12 wire loop, 6 inches overall. See Fig. 10-49 

10-50. 

7203/4CX250B anode. Eimac CF-300 Finger 
Stock, 3¥,i:: inch wide, is used here. 

The line is tuned by means of a brass-disk 
capacitor, Ca, details of which are shown in 
Fig. 10-50. The method of keeping tension on 
the fond-screw may be of interest, since this is 
often a problem with this type of tuning device. 
Two metl1ods have been used by the builders. 
The amplifier shown has a piece of brass lf 
inch square and ~i inch long fastened to the 
outer wall. The screw passes through this, and 
the lower part of the block is slotted, up to the 
!!.-inch hole. A tension screw threaded into the 
block makes it possible to pull the sides together 
slightly, as required. The other tension system 
is shown in Fig. 10-50. Here a springy piece of 
metal is tllreade<l onto the lead-screw, and then 
put under tension slightly by screws at eitl1er 
end. 

The capncitor plnte, C5, at the top of the 

Fig. 10-49- Bottom view of the amplifier, showing the 
strip of bross used for the grid circuit inductance. L0• 

1.,,-1 /16-inch brass, 114 by 3% inches. See Fig. 10-49. 
L,-1 V.·i nch copper tubing, with finger stock. See Fig. 

10-50. 
L,- No. 16 wire loop, 14 inch wide. Top is 14 inch from 

Cr.• 
l0-2 turns No. 16 enam., Yl·inch diam., coupled to L •. 
l 0-4 turns No. 14 enam., lh-inch diam., 1 inch long, c.t. 
RFC,-8 turns No. 16 enam., 14-inch i.d., }'a inch long. 
RFC,-8 turns No. 20 enam., a n l·walt 1-meg. resistor. 
RFC,-1.4-µh. r.f. choke. 

line is insulated from the cover with teflon sheet, 
the thickness of which is detem1ined by the 
type of opcrnlion intended. If the amplifier is 
to be plate-modulated this sheet should be 1h2 
inch. For c.w. or f.m. 0.01 inch is satisfactory. 
Four ceramic buttons insulate the screws that 
hold tho capacitor together. Dimensions are not 
given for the holes required, as they will de
pend on tho insulators available. 

Note thnt the high voltage is on these screws 
when tho amplifier .is in operation. It is fed into 
one of them through a small r.f. choke, RFCo, 
the outer end of which is supported on a TV
typc 500-pf. high-voltage capacitor, C6• The 
lower end of C1; is supported on a brass angle 
bracket fastened to the side of tJie line assem
bly. 

Output coupling from the line is by means of 
a small loop of wire, L4 , mounted in a vertical 
posilion near the top of tl1e line. It is series
tuned by C. , directly below it. 

Details of the 432.:Mc. grid circuit and its 
input coupling are given in Fig. 10-50. The in
put capacitance of these tubes is high, so a half
wave line must be used. Even with tJ1is type of 
grid circuit, the inductance must be ver>' low 
to tune to 432 Mc. Note that L1 is less than 4 
inches long, despite its lJ.l-inch width. 

Operation 

Because of the high-efficiency coaxial plate 
circuit, tho amplifier operates almost as it would 
on lower frequencies. The manufacturer's rat
ings may be followed , using the maximum ng
ures if desired. It is usually desirable to make 
provision for lowering the plate voltage in some 
way, however, as the difference between the 
maximum rnting and something perhaps 25 to 



432-Mc. Amplifier 
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Fig. 10-50- Principol mechanical details of tho 432-Mc. 
amplifier. Tho coaxial tonk circuit is shown in cut·awoy 
form at tho lower left, and in outline, center. The top 
view of tho assembly and the capacitor plate for C0 ore 
the other viow• .. Dotoils of the strip-line grid circui t 
are at tho lowor right. 
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50 percent lower will make onJy a lrHling dif
ference in results, except where contact is be
ing maintained under marginal conditions. 

About the only variation from lower-frequency 
practice is the need for keeping the heater volt
age low. The rated voltage for these tubes is 
6.0, not 6.3, and at frequencies ubove 300 Mc. 
it should ho reduced. At 432 Mc. the voltage 
should be 5.5. With higher voltages the back
bombardment that the cathode is subjected to 
raises the overall tube lempcruture and short
ened tube life results. Tl1c drifting of operat
ing conditions often observed in v.h.f. and u.h.f. 
amplifiers is likely to be lraceable to excessive 
heater voltage. 

De sure to use plenty of air How through the 
socket and tube anode. In the amplifier shown, 
air is fed into an opening in the top of tl1c 
chassis. The bottom has a tight-fi tting cover, 
so that tl1c only air route open is th.rough the 
socket and out lhrough anode and L

8
. 

Adjustment of the position of the output cou
pling loop, L~, witl1 respect to the inner con
ductor of the line is fairly cri tical, if maximum 
efficiency is to be achieved. In one of the am
pliflers the coupling loop, the coaxial fitting and 
the series capacitor were made into a single as
sembly on a curved plate of copper or brass. 
This could be removed at wilJ, to permit adjust
ment of the shape and position of the coupling 
loop. It is fastened to the outside of the main 
cylinder with small brass screws, covering a 
rectangular hole in the cylinder cut for this 
purpose. 

, .. 
i6 BRASS 

+ 
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PULSE COMMUNICATION 

ON 2300 MC. 

Amateur microwave communication with sim
ple oscillator-type transmitters, using amplitude 
nnd frequency modulation requires n wide fre
quency band, as such oscillators me highly un
stahlu nnder modulation. The receiver must 
necessarily be broad-band, and therefore ineffi
cient. Transmitter efficiency is poor, nnd the 
power output with h1bes generally available is 
very low. 'While much good work lins been 
dono this way, and it is still useful in many in
stances, something better is needed if the fulJ 
potential of the microwave region is to be re
;ilizcd. 

The usual altemative, crystal control and 
narrow-hnnd receiving techniques, effects a 
very great improvement in communicalions 
range, hut it entails considerable effort and fi
nancial outlay. The pulse system described 
here, developed by John T. Zimmer, W2BVU, 
and Hobert r. Guba, WlQMN,l G represents a 
desirable compromise between these two cx
tTemcs. Stability requirements are no greater 
than with the simple oscillator approach, yet the 
communications range approaches that of nar
row-band c.w., with cost and complication far 
below the narrow-band method. 

Pulse is a wide-band mode inherently, so it 
is permitted only in the microwave region, 
whero amateur assignments are wido enough 
to accommodate it. The technique set forth in 
this condensation of tbe W2BVU-Wl QMN 
QS'/' series is applicable to the amateur bands 
from 2300 ~le. up, with the exception of tlw 
10,000-;\lc. band, where pulse is not pem1itted. 
What follows is merely the how-to-do-it treat
ment; the complete QST series is recommended 
to anyone interested in the advantages of pulse 
communication. An earlier discussion by Becrs17 
is a \so highly worthwhile. 

KEY ANTENNA 

(A) TRANSMITTER 

ANT. 

(8) RECEIV ER 

Equipment Requirements 

A block diagram of a complete amateur pulse 
system is shown in Fig. 10-51. A cocle se tup is 
shown; phone can h e used with puls~, but 
keyed pulse is much simpler and more clfoctivc. 
The transmitter consists of a pulse-generating 
modulator and n simple oscillator for the r.f. 
Keying is in the pulse generator. The receiver 
has a conventional front end using a crystal 
mixer, with a local oscillator similar to that used 
for transmitting. The i.f. ampliRer is broad
band. Then come the principal elements where
in the pulse receiver differs from one for a.m. 
or f.m.: the threshold detector and the p.r.f. 
filter. 

Overall efficiency is high. The oscillator is 
the sole r.f. component, in marked contrast to 
the string of multipliers required for micro
wave crystal control. Jt uses a 2C,13 lig hthouse 
tube, a low-cost surplus item. Though the av
erage-power output is about 2 watts, using a 
pulse length of ~no microsecond and n pulse 
repetition frequency ( p.r.f.) of 1000 per sec
ond, a peak-power output of 2 kilowatts is pos
sible. 

The modulat'or's three tubes draw about 10 
ma. at 1300 volts, and 20 ma. at 300 volts, to 
produce 6 kw. peak input. The oscillator as
sembly can be installed at the antenna, to keep 
down fecdline losses, and tl1e modula tor at any 
convenient spot below, with only a coa:\ial ca
ble b etween them. 

The receiver local oscillator can be similar to 
that used for transmitting, tl10ugh tl1is much 
power is not needed. A 2C40 oscillator similar 
to one described in QST by \V2H1'1Al7 was 
used by WlQ1'1N and \V2BVU. Surplus oscil
lators can be found by some scrounging, and 
the possibility of using an APX-6 oscillator with 
a diode multiplier should not be overlooked. 
The i.f. amplifier, threshold detector, fil ter and 
audio system arc described h erewith. 

The nntennns should be parabolic reflectors, 
preferably 4 feet in diameter or larger. Using 
two stations as shown, tlle e~isting 2300-Mc. 
DX record of 170 miles was achieved with one 
~tation like that in Fig. 10-52 at sea level and 
the otl1cr only 600 feet higher. Typical v.bJ. 
propagation conditions prevailed at the time. 

Fig. 10-51 - Block diogram of a complclo 
pulse communicotions syste m for Iha 
2300·Mc. band. Communications range 
opproximatcs that obtainable with nor· 
row·band methods, with much simpler 

To speaJ.:Et' and less expensive equipment, 
or emplu:m.es 



2300-Mc. Pulse Station 

The Transmitter 
In lhc r.f. unit, shown in Fig. 10-53 with its 

w('alhcr-proof cover removed, the oscillalor is 
seen at the rear of the picture. A blower for 
cooling the oscillator, the 2C43 heater trnns
fom1cr nnd the pulse transformer arc also visi
ble. The only signal connection between the 
oscillator nsscmbly and the pulse modulator, 
which mny he placed a t or near the opcrnling 
position, is a coaxial cable to carry the high
voltage d.c. pulses from the modula tor to the 
plate of the oscillator tube. 

The oscillator is shown in cutaway form in 
Fig. 10-54, along with detail drawings of its 
component parts. A cylinder ( C) mounlcd on 
tl1c grid ring of the 2C43 ligbtholLSC tube Com1s 
a coaxial line with the outennost cylinder ( D ) 
of the oscillator. This acts as an open-ended 

Fig. 10·53- Tho r.f. portion of the 
2300-Mc. station is assembled on o 
wooden boso that farms the bottom 
of o woat horproof box, far roof-top 
mounting. O utput a nd modulator 
cables ca mo in through fittings on 
the metal pla te a t the rear. Filament 
transformer in the foreground, pulse 
transformer between the blower and 
oscillator assembly. All holes in the 
box aro screened to prevent entry af 
insects. 
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Fig. 10-52- W28VU lines up his rooftop dish 
for a 2300-Mc. lost beyond the visual hori 
zon. Transmitter r.f. uni t is in the weather
proof box at his feet. Reliable operating 
range approaches that an 144 Mc. 

resonant tank circuit connected between the 
i;rid and cathode of the tube. Similarly, the 
same grid cylinder forms :i resonant tank cir
cuit between the grid and the plate. The feed
back necessary for oscillation is obtained 
through the common opening at the ends of 
the coaxial tank circuits. Beyond this common 
opening, the plate line ( A ) is short-circuited 
to the outside cylinder, for r.f., by the cup
shaped choke ;1ssembl)' ( B ) mounted on the 
plate line. The outside cylindrical surface of 
th is cup forms an opcn-c11dcd coaxial line 
which, since it is exactly a <1unrtcr-wavelength 
long, appears as a very low impedance to r.f. 
inside the oscillator. Bccausl' of the way the 
grid and plate lines open into each other to 
produce fcedbnck, Lhc over-all circuit is caUed 
a re-entrant-cavity oscillator. 
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Fig. 10-54-Cut-a way drawing of pa rts of the pulsed oscillator. A- plate line and contact; B- plote choke 
assembly, 1 ~ inches long; C- plo te line insu la tor; D- outside cyli nder; E- cothode sleeve; E'-cathode e nd 
di sk; F-ca thode sleeve clamp; G- grid cylinder; H-grid conta ct finger (3 required); J- output probe (modi· 
l ied UG58A/U receptacle with thin disk olloched). All ports except H and C are copper or brass . Cylinders 
o re standa rd copper pipe diameter•. H is thin berylliu m copper. 
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Fig. 10-55-Schemotic diagram of 
the pulse oscillator a nd associ· 
ated equipment. 

81- Blower and motor, 5 c.f.m. or 
more. 

~1·1 OUTP PLATE 

J 1-Coaxial receptacle, S0-239. 
J,-Output probe; sec Figs. 10-54J 

~ 
OSCILLATOR 

2C43 
GRID QlNNECTION 

150 
Iii/. 

For plate-pulsed operation, the impedance 
presented by the plate of the 2C43 to a modu
lator is approximately 1200 ohms. This is trans
formed down to 50 ohms by the pulse trans
former, T., in Fig. 10-56. Since the output pulse 
of the modulator is negative, the pulse trans
former L~ also required to invert the polarity of 
the pulses. The voltage applied to the plate of 
the 2C43 when it is pulsed is between 2500 
and 3000 volts. The peak plate current is two 
to tlm .. 'C amperes, depending on the particular 
tubo used, 

Conslmction of a pulse transfom1er is de
scribed below, but it is likely that a suitable 
transfom1er can be found on the surplus mar
ket. Any pulse transfonner rated for a few mi
croseconds pulse length and a secondary volt
age of at le11st 2500 volts, and havin~ a primary
to-secondary voltage or turns ratio of roughly 
l :5, should work satisfactorily. 

Re-entrant Cavity Oscillator 

Tho osciJlator can be made from standard 
size tubing available in plumbing-supply stores. 
Desirable tools are an electric drill, Creenlee 
punches, a tubing cutter, and a propane torch. 
All necessary dimensions are given in Fig. 10-
54. The following comment~ indicate the prop
er sequence for assembling tho complete cavity. 

Outside Cylinder, D: Be sure lo remove all 
burrs nround holes 1, 2, and 3, ns tho d.c. grid 
connections arc made here. Hole 4 can be 
made with n Jf-inch punch if care is taken not 
to deform the tubing. 

Plate Contact and Plate Li11e, A: The plate 
contnct is made from ~inch diameter brass 
rod. Wrap a YiH·inch copper shim, ~-inch 
wide, around the rod and press fit the rod into 
ono end of the plate line. Solder in pince. Ne:1."t, 
drill a %-inch hole in the center of the brass 
rod and tJ1en cut two slots with a hacksaw. 
Remove all burrs and bevel the inside edge of 
tho plate contact to facilitate insertion of the 
2C43 p late tenninal. 

Plat·c Choke Assembly, B: Tho outside diam
eter of the choke ring should flt snugly within 
the choke cyHncler, and the hole in the ring 
should fit snugly about the plate line. Insert 
the ring on one end of the choke cylinder, 

ONNECTION and 10-56. 
P1-0ctal socket. 
T1-Stancor P6134 ar equiv. 
T0- Pulse transformer; see text. 

J, 
~-o--------;~-..< INPUT 

lfl"· fROM 
MOOUl..4TOR 

making sure it is flush with the encl of the cyl
inder, and solder. Position the choke assembly 
as shown in Fig. 10-54, with the in.side of the 
dosed end of the choke 4Yi.o-ineh from the 
plate end of the line. Make sure that the choke 
cylinder is concentric wilh the plate line and 
then solder in place. To prevent previously-sol
dered connections Erom remelting, a dampened 
rag should be wrapped about these joints be
fore the torch is applied. Position tl1e plate-line 
insulator, C, on the plate line. T he outside 
diameter of the insulator should make a snug 
but movable fit inside the outside cylinder. 

Cathode Sleeve Assembl!J, E: The slots 
should be cut in the cathode sleeve before it 
is cut from the tubing stock. Before cutting out 
the cathode end disk, E', mark the position of 
the eight air holes but do not drill these holes 
until after the disk L~ otherwise finished. Exact 
inside and outside dimensions of the disk should 
be tailored to provide a snug fit with the cath
ode sleeve cylinder and the outside cylinder. 
Fi t tlie end disk inside the outside cylinder, 
making sure that the surface is flu sh with the 
end of the cylinder, and then solder in place. 
F it tl1e catJ10dc sleeve inside the end disk, as 
shown, making sure the encl of the sleeve is 
Hush with the inside surface of the end disk. 
It is important that the cathode sleeve be con
centric with the outside cylinder. Wrap 'the out
side cylinder witl1 a damp rag and solder the 
sleeve to tJ1e end disk. To secure a snug fit to 
the cathode surface of the 2C43, bend the 
ends of the slotted sleeve inward or file out the 

Fig. 10-56-Mounting of !he oulput probe on the outer 
cylinder of the 2300.Mc. osci lla tor. 
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inside diameter of the sleeve. This will depend 
on tubing wall tolerances. The ~leeve clamp is 
then made so as to grip:· the 2C43 firmly after it 
is inserted into the cavity. 

Grid Cylinder, G: The tubing ideally suited 
for this part is the type used in a hot-water 
baseboard-heating converter. It is important for 
proper operation of the cavity that the tubing 
wall be thin. Score a groove 1'16-inch from one 
end with a tubing cutter to form a shoulder 

Fig. 10-58-Schematic diagram a nd parts information 
for the modulator. Volue.s of parls are plus·or·minus 20 
percent, unless specified. Output from J, goes to the 
pu lse tra nsformer in the r.f. unit. 

c,, c ,- 820-pf., 600-volt, 5 per cent, silver mica. 
C,-20-pf., 600-volt, 10 per cent ceramic 
C,- 330-pf., 600-valt, 10 per cent mica. 
c,-0.1-µ.f., 400-volt paper. 
c.- 0.01 -µ. f. , 2000-volt mica. 
c,- 0.006-µ.f ., 1500-volt mica. 
J.1- Closed-circu it · jock. 
J,-Coaxial receptacle, S0-239. 
t 1- 3.8·µ.h., 28 turns No. 24 enamel, close-wound on %

inch dia m, form about 1 inch long. 

U.H.F. AND MICROWAVES 

Fig. 10-57- Pulse modulator ond power 
supply. The 3C45 hydrogen thyraton is 
the large tube neor the center of the 
chassis. The pulse-forming network is 
loca ted beneath the blank area of the 
chassis, between the thyraton and the 
output cable. The latter ru ns to the re
mote oscillator assembly, Fig. 10-53. 

on the inside of the tube against which the 
2C43 grid disk will butt. This operation has 
to be performed with care so as not to cut 
through the tubing. Next, cut the slots as indi
cated. The fingers thus formed are then bent 
inward slightly until a firm clasp on the grid 
contact of the 2C43 is achieved. 

Output R.F. Probe, ]: Mount the probe in the 
)f-inch hole of the outside cylinder, making 
sttre that it makes a snug connection in the 

L,-13.8-,uh., 54 turns No. 30 enamel, close-wound on 
form simi lar to L" 

Rv R0- 68,000 ohms, 5 pe r cent, 2 watts. 
R,, R., R,.-1 megohm, 5 per cent, V. watt. 
R3-250,000·ohm, 2-wott potentiometer. 
R0- 100,000 ohms, 112 wall. 
R,, R8, R11- 47,000 ohms, 2 walls. 
R0- 10,000 ohms, Y2 watt. 
R,,- 47,000 ohms, Y2 wall. 
R1:v R1.,- 10,000 ohms, 10 watts. 
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Fig. 10-59-Schematic diagram and parts information for the power-s upply parlian of the modulator. Com· 
poncnts a re nol critical, a nd any supply copoblo of delivering 1500 volts a t 10 mo. a nd 300 volts at 20 
mo., and 6.3 volts at 3.5 amp., moy be subslitutod. Capacitors with polari ty $11own ore electrolytic. 

S,-S.p.s.I. toggle switch. T,-Thordorson 24ROO-U or equiv. Do not us«.> high· 
S,-0.p.d.t. wafer switch. voltogo center top. 
T1-Thordorson 24R04-U or equiv. T,- Stoncor P4082 or equiv. 

hole, Bush against the surface of tl1e cylinder. 
Two small right-angle brackets should be tailor
mnde to secure the r.f. connector. Two 4-40 
tapped holes are made in Mch bracket for at
taching the connector to the brackets. This as
sembly is shown in Fig. 10-56. 

Grid Contact Assembly: The Teilon shoul
der washers can be hand cut from ll-inch rod 
stock using a sharp knife. When the grid con
tacts are assembled, check to see that the three 
grid fingers touch the grid cylil1der when it is 
inserted into the cavity. The wire used to inter
connect the external solder lugs of the grid 
contacts should be well insul:i.ted and kept 
clear of the outside cylinder, since peak grid 
potentials of several hundred volts arc produced 
<luring operation. 

The Pulse Mo:iulator 

Much of the modulator, Fig. 10-57, is con
ventional power-sup1)ly circuilry. Any supply 
capable of providing 10 ma. at 1500 volt's and 
20 ma. a t 300 ·101ts could be substi tuted for l'hnt 
shown in Fig. 10-60. The actual pulse-gencr:it
ing circuitry uses three tubes: two 12AU7s and 
a 3C45. The latter is a hydrogen thyratron 
available on the surplus marke t. 

The p.r.f. is generated in the modulator, Fig. 
l0-58, by V1, in a multivibrator circuil, a 
square-wave oscillator which has reasonably 
good frequency stability. It can be ndjustcd 
over a small frequency range by means of R:i
Thousand-cycle square waves appearing at the 

plate of V111 nro differentiated by a short-time
constant coupling network, Call0, to produce 
impulses at the grid of V2A. Positive and nega
tive impulses nrc produced when the voltage of 
the square wave is rising and foiling, respec
tively. Since the voltage at Pin 1 of V18 falls 
foster than it rises during the square wave, a 
larger negative impulse is generntcd. This neg
ative impulse becomes the positive trigger for 
firing the thyratron, v:l• after having been am
plified by V ~· The operating conditions for V 2 
arc arranged to suppress the undesired positive 
impulses appearing at the first grid . V !!A can be 
keyed in its cathode circuit. When tl1e key is 
closed, the stage is a conventional pulse ampli
fier, and the negative impulses on · the grid 
(point B) produce positive pulses at the plate. 
These arc applied to the grid of the thyratron 
by V 28, n cathode follower. When the key is 
open, sufficient self-bias is developed across R11 
to prevent tho pulses from triggering the thyra
tron. 

The thyratron acts as a high-speed switch, 
closed by tl10 trigger pulses whenever an out
put pulse is lo be produced. The one-micro
second length of the actual output pulses of 
the modulator is determined by the pulse-form
ing network ( p.f.n.) in the plate circuit of the 
thyratron. To create each output pulse, C11 is 
first charged lo nlmost 1500 volts by the power 
supply, acting through resistors R1:i and R14, L 1, 

L . ., and the transmitter load resistance of 50 
ohms (connected to I 2 ). When the thyratron is 
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fired, it becomes nlmost a short circuit from its 
plnte to ground so thnt the energy stored .in C11 
of the p.f.n. begins to discharge through the 
load, which is then effectively in series. The 
p.f.n. acts as a dclny line in such a way that, 
one microsecond nftcr the thyratron fires, it 
causes the voltage ncross the thyratron to be re
duced to zero. When this happens, the thyratron 
becomes an open circuit again, and Cn begins 
recharging in prcpnration for the next pulse. 
The charging resistors R13 and R14 arc largo 
enough in value so as not to affect the action of 
tho circuit when pulses are actually produced. 

The pulse-forming network has a chnrncteris
tic impedance of 50 ohms which, when working 
into a 50-ohm load, causes the output pulses 
to have an amplitude equal to approximately 
one half the power-supply voltage. This low 
impedance pem1its a coaxial cable, such as 
HG-8/U, to be used to conduct the pulses to a 
remotely-located oscillntor. 

Modulator and Power Supply Layout 

The modulator and its associated power sup
plies are constructed on a 10 x 12 x 3-inch 
aluminum chassis as ilJustrated in Fig. 10-58. 
The power-supply section requires no special 
layout or critical wiring technique, other than 
observing insulation requirements in tho high
voltnge section. Transformers T 1 and T 2 :ire in
terconnected as a mcnns of generatin~ high 
voltage with readily obtainable components. 
Before· wiring the transfom1er secondary high
voltage leads permanently into the circuit, check 
the phasing of the high-voltage windings to 
make sure they arc aiding, not bucking. 

Winding the Pulse Transformer 

The winding of tltc pulse transfom1er is simi
lar to winding a heater trnnsfonner for 60-cycle 
operation. The differences are the type of core 
used and the amount of insulation needed be
tween the windings. The core, specially fabri
cated for use in pulse ciicuits to minimize the 
high-frequency eddy-current losses, can be pur
chased from Arnold Engineering Co., Marengo, 
Illinois, or through one of their many sales of
fices. The full description of the core is Arnold 
2-mil. Silectron "C" core, part No. AL-12. Data 
for winding the transformer and a cross-sec
tional view arc shown in Fig. 10-60. 

Since winding wire directly on tlie core ini
tially is very impractical, a wooden mandrel 
should be made having the same cross-section 
tJjmensions as the core. After clamping the 
mandrel in a vise, cut a strip of cardboard ap
proximately 0.025 inch thick (such as used in a 
tube carton), lJ~ inches wide, and wrap it 
tightly around tlie mandrel. Overlap the ends 
J:-inch and cement tho ends together. The enrcl
board form prevents the windings from collaps
ing when removing the coil from the mandrel. 
This permits easy insertion of the core. Before 
winding, precut rn-inch wide strips of TcOon 
from 2-mil sheet stock. vVrap two layers of 
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Teflon around tho form, securing the ends with 
short stl'ips of masking tape. Next, center a 2-
inch long strip of masking tape, sticky side up, 
across the form and wind 50 turns of No. 26 
enameled copper wire over the tape. Fold the 
ends of the tape over the winding, thus securing 
tbe end turns. Continue with steps E, F, G, H, 
and J as listed in t11e winding-data diagram. 
Start all windings at the same end of the form 
and wind in tho same direction. Lnbel the 
ends of each winding according to l''ig. 10-60 
to facilitate wiring the transformer into the cir
cuit. 

When the winding is completed, slip the 
cardboard form supporting the winding stack 
off the mandrel and insert the core. Tape tight
ly around tlie periphery of the core with vinyl 
electrical tape to hutt the ends of the core 
pieces together. Apply a finishing co::tt of coil 
varnish to the windings and the trnnsformer is 
complete. 

Operation 

Attach a dummy load, made by paralleling 
five 270-ohm 2-watt composition resistors, across 
the modulator output jack, 12 • Set tl1c p.r.f.
adjust control, R:l• in the center of its range, 
and insert a key in 11• Turn on the heaters nod 
300-volt supply with switch SJ> and check tl1e 
voltages in tho circuit against the vnlucs given 
on the schmcatic. The dual voltages on Pins 1 
and 3 of V ~ correspond to key-closed nnd key
open conditions. If the voltages agree approxi
mately, turn on the high-voltage supply with 
S2, making sure the key is open. ~leasure the 
high voltage at the power supply. It should be 
between + 1300 and 1500 volts d.c. With the 
key closed, tho 3C•!5 should ionize with a pur
ple glow, indicating that it is being triggered 
properly. One should also hear a faint 1000-
cycle tone. After five minutes of operation, 
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s o--<x:•:io:<lOC•:•:o:io:>COC =~ 6 (o) 

-----(C.) 
======(8) 

~~(A) 
fig. 10-60-Pulse transformer construction. 
A-Core; Arnold Eng. Co. Na. Al-12. 
B-Cordboard form, 
C-2 layers 2-mil Teflon sheet. 
D- 50 turns No. 26 cnam. 
E- 4 layers 2 -mil Teflon sheet. 
F- 20 turns No. 22 cnam. 
G- 4 layers 2-mil Teflon sheet. 
H-50 turns No. 26 enam. 
J- 4 layers 2·mil Teflon sheet, fallowed by 3 layers 

masking tape. 
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Antenna System 

Fig. 10·61-Close-up view of the dipole and reflector 
assembly. For oon.structionol details see text and Fig. 
10·62. 

turn off the high voltage and touch the dummy 
load. It should be hot, as 6 to 7 wat ts of aver
age power is dissipated. For those amateurs 
who have a fairly good oscilloscope, waveforms 
arc also given at four points in the circuit as a 
check-out aid. 

Operating the Transmitter 

Before connecting the cavity into the circuit, 
make sure that the 2C43 is seated securely and 
the plate-line contact is fully engaged with the 
2C43 plate temtlnal. Connect the blower to the 
plate line with a short length of plastic hose 
and attach the heater, cathode, grid, and plate 
connections according to the schematic, Fig. 
10-55. Connect the osciUator to the modulator 
with HG-8/U cable. At KlJIX, a 50-foot cable 
connects the modulator in the shack to the 
oscilla tor on the roof, next to the antenna. Ap
ply 115 volts a.c. to the oscillator unit and check 
for air Bow at the cathode end of the cavity. 
Allow the cathode of the 2C43 at least 60 sec
onds to come up to temperature before turning 
on the pulse modulator. When the modulator 
high voltage is turned on and the key is closed, 
ono should immediately hear the pulse trans
former "sing" at the p.r.f. 

A simple check for r.f. output can now be 
made by touching a neon lamp to the center con
ductor of the output jack, ],,. A second check is 
to connect the dipole feed fu the oscillator with 
a 5-foot lcngtl1 of HG-8/U or RG-9/U cable 
and hold a neon lamp near the dipole. The 
lamp should glow brightly in both cases. Be
tween 1000 nnd 2000 watts peak-power output 
can be obtained, depending on the condition 
of the 2C43, the degree of coupling by the 
r.f. probe, and the amplitude of the pulse ap
plied to the 2C43 plate. If output indication 
such as described above is produced, it is likely 
that the output power is at least 1000 watts. 
It was found that silver plating of tho entire 
cavity assembly increuscd the cost considerably 
but d id not result in any measurable increase 
in power out. 
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The remaining and most difficult part of the 
procedure is checking the oscillator frequency. 
There are at least three ways that this may be 
done: ( 1) a wavemeter, ( 2) a slotted line or 
Lecher wires, or ( 3) the companion receiver. 
The simplest way is to use a wavcmcter. Sever
al types of these are available on the surplus 
market. The authors acquired a surplus type 
402-B coaxial wavemeter. The third method con
sists of using the companion receiver and cali
brating it by means of harmonics from a lower 
frequency source. Possible sources are a grid
dip meter operating in the u.h.f. range, a 220-
or 420-Mc. transmitter, or a 1215-Mc. equip
ment such as the APX-8. 

The operating frequency of the oscillator con
structed using tho dimensions given here was 
found to be 2333 :'vie. The frequency can be 
shifted 50 Mc. higher by shortening the grid 
cylinder length from 1I:X6 inches to l o/. inches, 
or lower, by sliding the plate lino outward on 
the plate terminal. 

Antenna System 

The antenna feed is designed for operation 
at a center frequency of 2360 Mc., where a 
wavelength is exactly 5 inches. Details of the 
feed arc shown in Figs. J.0-61 and 62. It is 
basically a dipole radiator, fed from Ll rigid co
axial line having a characteristic impedance of 
50 ohms. The disk is a reflector, so there is lit
tle forward radiation from the dipole, and the 
main lobe of the radiation pattern is centered 
on the direction from which the coaxial line 
approaches. A parabolic dish antenna can there
fore be illuminated with radiation by using the 
coaxial line to support the feed at the center of 
the dish. 

The manner in which the microwave energy 
is coupled to tho dipole elements from inside 
the lino is interesting. Two half-wavelength 
slots arc cut in opposite sides of the outer con-

Oipole slot kngth = 2f 

Fig. J0.62- Dimension drawing of the dipole a nd re
flector ouombly. Rigid coaxial li ne, left, extends to the 
parabolic dish reflector, and is terminated in a coaxial 
fitting in bock of the dish. Inner conductor and dipole 
ore 14-inch diameter. 
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Fig. J0.63-Fron t end of tho 2300.Mc. receiver. Tho 
box ot the left contoins the locol osci llotor. The mixer 
is tho cylindrical ossembly in the right foreground, with 
the coble from the ontenno entering from the right. Tho 
i.f. preomplifier is just to tho rcor of the mixe r. Knob 
on tho top of the mixer is o tuning adjustment which 
was found to be un necessary. 

ductor of the coaxial line, extending back from 
the closed end. A short circui t is placed be
tween the inner and outer conductors at the 
mid-point of these slots. This causes an r.f. po
tential difference between opposite sides of the 
inside of the line, which is transferred to the 
outside of the line hy thu slots. The dipole cle
ments are excited by this r.f. pott>nlial dilfor
encc. Although the short circuit inside the line 
is formed by an extension of one of the dipole 
clements, the dipole element and the short arc 
electrically independent. 

The effective origin or center of the radiation 
from the feed is located between the dipole and 
the disk as shown hy the arrow in Fig. 10-62. Tn 
properly illuminate a parabolic antenna, tho 
feed shonld be mounted so that this spot is nt 
the focal point of the parabola. 

Although dimensions arc given to a 64th of 
an i11ch, errors of this amount should not nffcct 
performance noticeably. It is important, how
ever, that each dipole clement extend exactly 
the same distance beyond the outside surface 
of the coaxial line . 

T he outside conductor of the emtxial Li nc b 
a standard size of copper water tubing. lls 
length depends on the size of the parabolic 
reHcctor with which it is 11sed. The inside cl i
mcnsio11s of the coaxial line make it convenit:nt 
lo mount a "type N" connector ( UG-58A/U, 
as used for the transmitter r.f. probe) on the 
input end. \Vhen thi.~ is done, the center con
ducto;· i!; shortened somewhat with respect to 
the outer conductor (so ns to keep the tapped 
holu in tbe side of the center conductor li1wd 
up with the dipole), cl rilled in the center lo 
flt over the center conductor of the connector, 
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and tapered or rounded off, as are the ends of 
the dipole elements. 

In assembling tho feed , first solder the center 
concluctor to the connect01·. T wo or three wash
ers made from polyclhylene foam or Teflon are 
then placed at intervals along the center con
ductor, to keep it in the middle of the outer 
conductor. The outer conductor is then sHpped 
over it, and the longer dipole element screwed 
on the inner conductor. 1t may help to solder 
the No. 6 screw in pince in the dipole element 
beforehand. T he disk and brass end plug are 
t11cn mounted on the encl of the center con
ductor and the shorter dipole element insert
ed. (The hole in lhe outer conductor for this 
element should be madti slightly unclcrsize to 
give a force-fit ). At this point, the assembly is 
complete, and all metal-to-metal joints ( includ
ing that of the outer conductor with the N con
nector) should ho soldered, using n propane 
torch. The inside joint's of the foe<l are ncccssi,~ 
hie for soldering through tho ~lots . F inally, the 
e.xtemal lengths of the <ljpolc clements should 
he checked to sec that t11ey are tbe same; if 
one is longer, it can he filed down to match the 
other. 

Pulse Reception 

A block diagram and brief description of the 
pulse receiver were given earlier. The receiver 
ns shown in Fig. 10-51 is complete; nothing is 
needed but earphone~ or a speaker to do an 
elTeclivc job in pulse reception. Reasonably 
good reception is possible without the Si)Ccial 
threshold detector imd p.r.f. filter included here . 

The r.f. portion consists of n cavity mixer and 
a onC'-tube local oscillator. These and n 3-stage 

Fig. 10-64-Top view of the moi n receiver chossis. Con. 
trol5 ore for i.f. goin, video goin, threshold stability, 
audio goin, audio bandwidth ond power on-off, read. 
ing from bottom up. The first row of tubes ore tho 
video and oudio stoges. Power supply components ore 
at tho rea r, and tho i.f. amplifier stoges are the three 
smoll sh ielded tubes in a row ot the edge of tho 
chossis. A bottom plate is required to shield the i.f. from 
st ray 30·Mc. signals. 
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i.f. preamplifier arc shown in Fig. 10-63. The 
mixer is a 1 N21-serics diode, in a quarter-wave 
resonant coaxial cavity made from standard
sizcd copper tubing. The 2C40 local-oscillator 
design was obtained from a QST article by 
W2RMA1 7 

The main i.f. amplifier, the threshold detec
tor, p.r.f. fllter, audio amplifier and power sup
ply are constructed on a 10 X 12 X 3-inch 
chassis. This assembly, Fig. 10-64, can be re
motely located from the front-end assembly, 
and interconnected with it by means of a co-
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axial cable for the i.f. signnl and n power ca
ble for the B-plus and hcnter voltages. 

The over-all i.f. amplifier has a center fre
quency of about 30 :\le., though any frequency 
from 20 to 60 Mc. is satisfactory, provided that 
a bandwidth of about one megacycle can be 
maintained. A low-noise design wilh Nuvistor 
cascoclc input is used here, but it should be pos
sible to adapt surplus i.f. amplifiers with good 
results. 

The combination of threshold detector and 
p.r.f. filter is effective in detecting pulses barely 
exceeding the noise level at the output of the 
second detector. Tho threshold detector uses a 
multivibrator circuit, as shown in Fig. 10-65, 
and works as follows: Va and V.1 comprise a 
one-shot or monostahlo multivibrntor, produc
ing a single square output wavo only when 
triggered by V1 , a video amplifier which also 
inverts tho polarity of the positive output of the 
second detector. Negative noise peaks and 
pulses are therefore applied to t.he grid of V 4 
by way of V2 and C4• R2 is adjusted so that 
V 3 is normally cut off and V,1 is conducting. 
When a negative peak from V 1 cuts off V 4, the 
multi vibrator "Hips," and V 3 conducls for a time 
before returning to the original conditions. Du
ration of the positive pulse at the plate of V4 
is determined by C4 and the 1.5-rnegohm grid 
ressistor of V 4 • For value.~ given, the pulse out 
of the multivibrator is about 35 microseconds 
long. 

The amplitude of tl1c negative pulse required 
to trigger V 4 can be varied by means of ~· 
This control and the video amplifier gain con
trol, R1, therefore serve as threshold level ad
justments. The rnultivibrntor threshold is set so 
that, in the absence of a pulsed signal, it is 
triggered by noise peaks scvernl times per sec-
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Fig. 10-66- Main i.f. amplifier. Values of Capacitance ore in pf. 
Resistors ore 'h-watt composition, 10 per cent, un less specified. 

C1-C15 ind.; C17-ceramic disk. 
C,.-1-8-pf. cylindrical trimmer (Erie 5328). 
Cu-10 pf., 10 per cent, mica. 
CR1-Chystal diode, l N60, l N67, l N295 or equiv. 
J1-Cooxiol receptacle, BNC type. 

ond. \Vhen even a weak signal appears, there 
is a pronounced increase in the triggering rate. 
When a moderately strong signal. willi the cor
rect p.r.f. appears, I\ noise-free tone is produced 
at the output of the p.rl. fi lter. DilJcrence be
tween the signal and no-signal output condi
tions is quite distinct, and the effect is similar 
to that of a squelch circuit. With freedom from 
a constant level of background noise, searching 
for weak signals is relatively easy on Llie ears. 

The three stages following the threshold de
tector make up a very narrow-band audio am
plifier centered at 1000 cycles. Most of the 
selectivity is provided by a 1000-cycle filter 
formed by inductor L1, resonating with C9, be
tween V G and V w A small but important amount 
of filtering is p rovided in tJ1e cathode circuit 
of V5 A. Capacitor C0 removes undesired high
frequency components of the multivibnttor 
square wave, so that they will not overload tho 
following triode amplifier. The LC filter uses a 
high-Q toroid to obtain an audio bandwidtJ1 ns 
small as 10 cycles. The result is tJmt unless the 
square waves produced by the threshold dc
tector-multivibrator have a p.r.f. of exactly 1000 
cycles, there is little output from the audio 
amplifier. The net e ffect of these circuits is o 
signal-to-noise ratio somewhat comparable to 
that obtained with narrow-band c.w. on lower 
frequencies. 

The Main l.F. Amplifier 

The main receiver chassis is seen in Fig. 10-
84. It is recommended that this general arrange
ment be used, but exact wiring details are not 
important except in the case of the i.f. amplifier 
circuitry. The three i.f. amplifier stages, Fig. 

L,, I.,_, l3- 2.2 µh., 32 turns No. 24 enam., dose-wound 
on Y.c-i nch diam. 

R,-2-wott potentiometer. 
R,-5000 ohms, 10 watts, wire-wound. 

10-66, are in a line along the lower side of the 
chassis, with the input stage toward the left 
where there is little neighboring wiring. The 
second detector is near the video amplifier. In 
order to reduce cost, identical fixed inductors 
arc used to tune each stage. The exact frequency 
is not important, so long as each is tuned lo the 
same frequency. Since the coils resonl\te with 
the capacitance of tJ1c inters tage wiring and 
tho input and output capacitances of the tubes, 
tho wiring layout between each pair of tubes 
must be identical. Similarly, the coils should be 
identical, though it is not important exactly 
how they arc wound. The wiring of the plate 
circuit of the last stage is not cril'ical, as a vari
nblo capacitor, cl()• allows for differences in cir
cuit capacitance. 

Tho Q, and therefore the bandwidth, of each 
i.f. stage is dctcl'mincd by the plate load resist
ance (in the output stage, tho detector load 
resistance appears in parallel witJ1 t11c plate 
load). For l\ value of 4700 ohms, the Q is 10, so 
tho bandwid th of each sta~e is abo,,1t three meg
acycles. Over-all bandwidth, including the pre
amplifier, approaches one megacycle, but it will 
dcpc11cl on nli~nment. 

V11ri11blo inductors could be used for each 
stngo, to avoid the need for cnrcful layout and 
permit exact olignment. A small coil such as the 
Miller type 5403, 1.6 to 2.8 µh., should work 
well , or sirnllar surplus slug-tuned coils could be 
used. An inductance of tJ1e proper value will 
resonate at 30 Mc. with a 12-pf. capacitor. 

P. R.F. Filte r 

The toroid, L 1 in Fig. 10-65, has a Q of ap
proximately 200 by itself, and effective circuit 

-



2300-Mc. Mixer 

Q of about 100, due to londing by R,1 and R;.. 
A Freed F-804 ( $6.60) would give a Q of 70, 
and be entirely adequate. Suitnble toroids may 
be available on the surplus market. Qs as low 
as 20 to 30 would still giuc good results. In
ductance values other thnn those given can be 
used by changing R4 and R~. i11 the same pro
portion. Example: if the inductance is in
creased 10 times, to 0.5 henry, R4 becomes 2.2 
megohm and R:; l megohm. 

C1pacitor C0 is actually several capacitors in 
parallel. A 0.47-µ f. cnpaci tor is used with 
enough 0.01-µJ. or 0.0047-µf. capaci tors in par
allel to resonate the toroid to exactly 1000 cy
cles. T hese capacitors should be low-loss types, 
to preserve circllit Q. 

Mixer 

Crystal diodes of the 1N21 series have letter 
suffixes from A to F, each giving prc>gressively 
lower noise figure and costing more. Very satis
factory results have been achieved with the in· 
expensive 1N21C. Mounting of the mixer to the 
preampli fier is important, as the diode forms part 
of t·he amplifier input circuit. The mixer cylin
der must be well grounded lo the preampli.fler 
chassis, so that it will not act as an i.f. p ic!-"Up 
loop and cause the amplifier to oscillate. 

BASE 

QUE LAYER 
SCOTCH TAPE 

- ·OIOOE 

- CAPACITOR 
PLATE,C 

I 
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Constniction details of the microwave mixer 
and a cutaway view of the complete assembly 
are given in Fig. 10-67. Following is the se
quence for assembling the mixer. Attach the 
center rod to the end disk with the hole, using 
a 6-32 screw, and solder with a propnnc torch. 
Attach the receptacle that receives tl1c pin end 
of the 1N21 diode to the center rod. This is a 
demountable base, made for reversible-case 
cartridge-type diodes, and is available from any 
manufacturer of microwave diodes. A substitute 
can be made from ~-inch brass rod %2 inch 
long, drilled out :Y.12 inch a t the center. Slot it 
for most of its length witll a thin saw blade, and 
bend t11e fingers in slightly so that it will make 
good contact to the diode pin. Clamp the base 
in the notch on t11e center rod, and solder the 
connection, being careful not to fill in the slots 
with solder. Attach this assembly to the outside 
cylinder, and align the %2-inch hole in the 
cylinder wall with the crystal receptacle on the 
center post, using a crystal diode. Clamp se
curely, and solder the end d isk to the outside 
cylinder. Clamp the other end disk to the top 
of the cylinder and solder secmely. 

To mount the Lo. connector, center :1nd 
clamp the nut supplied with tl1e UG-1094/U 
connector over its hole, and solder, being care-

MATERIAL: 2 'te OD COPPER TUBING 
APPROX . D.o s· WALL 

(Al 

BENO t l~gRAO. MATERIAL : 
1ti Dir .. BRASS ROD -L 

L 0 . PROBE 

MATERIAL: 
• .,,, ~~~~srEET 

CI\ NO, HORILL 
-~ I DISK ONLY 

t,.,,_r T/APER 11; BRASS 

/ ROO 

OIE(ECTAIC 

I _,.TH\N COPPER OISK 
~/ 1/4 014METER 
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HIS SURFACE SEATEO 
GAINST OUTSIDE CYLINDER 

EXTERNAL WALL 

:-1 ~-114 (F) 

Fig. 10-67-Cutoway view of the crystal-mixer a ssembly, with details of individual po rts, As may be seen 
from Fig. 10-63, the mixer cavity is mounted adiacent to the end of the i.f. preamplifier. The head of the 
diode, and its ex ternal bypau capacitor, project th rough a rectangular hole cut in the end of the pre· 
amplifier case, A 'A by ~-i nch spring finger an a standoff insulator makes contact to the diode, ta take 
off the 30-Mc. i.f. output . 
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AMP. AMP. 

MIXCR 

C,-Byposs copocitor built onto mixer ossembly; see 
Fig. 10·68. 

Ca, c .. Cs, C10, Cu , c ,., Cu, c, .. c ,,, Cu;--2200·pf. ce· 
romic disk ,CD Tinymike LTOD22). 

c ,, c,., c ,.-470·pf. cerornio disk (CD Tinymlke L10T47). 
C"-15 pf., 10 per cent, mica. 
C,-5-pf. cylindricol trimmer {Eric 532A). 
C0-Criticol lead length; seo toxt. (CD Tinymiko L 10D15) 
c,.- B·pf. cylindrical tri mmer (Erie 5328). 
CR,-1 N21 ·scrics crystal diode; see text. 

ful not to flow solder into the nut threads. The 
l.o. probe can then bo screwed in or out, to 
adjust the injection level. A second nut thread
ed onto the probe can be used to lock it in posi
tion, once the desired level is obtained. This 
and the method of attaching the signal probe 
to the cyundcr are shown in Fig. 10-67. 

The mixer is attached to the preamplifier by 
two brackets. A clearance hole is first cut in the 
wall of the preamplifier chassis, large enough to 
clear the crystal bypass capacitor, C 1> which is 
assembled Inter. Details of the bracket depend 
on the chassis used for the preamplifier. Before 
mounting the crystal diode, cut a piece of 2-mil 
Teflon sheet slightly larger than the crystal by
pass plate. Carefully cut a true ll-inch hole 
in the center of tlie dielectric. Wrap a layer of 
Scotch tape around the base of the diode to pre
vent it from shorting against the wall of tlie out
side cylinder. Slide tlie capacitor plate and the 
Teflon sheet over the diode. Insert it into the 
mixer cavity and seat the diode flange firmly 
against the capacitor plate. Tape the capacitor 
plate to the outside cylinder so that lhe crystal 
can be removed without disturbing the capaci
tor. A small beryllium spring finger mounted 
on a standoff insulator holds the crystal in 
place, and serves as the i.f. signal connection. 

Local Oscillator 

Both osci llators described by W2RMA have 
been constructed and used with the receiver 
described liere, witli good results. Several oilier 
approaches arc open, the most obvious being to 
use the oscillator from a surplus microwave unit. 
A few such possibilities are mentioned later. 
The transmitter oscillator and local oscillator of 
the APX-6 immediately suggest themselves for 
this application wit11 a diode multiplier. Such an 
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Fig. 10-68- 2300-Mc. 
crystal mixer and 30· 
Mc. l.f. preamplifier. 
Capacitors ore cer· 
amic disk, (CD Tiny· 
mike) values in pf., 20 
per cent, unless speci· 
fied. Resistors ore Y.t
watt composition. 

l 1-Coaxial receptacle, UG-58/ U (Type NJ. 
J,, J3-Cooxial receptacle, UG· 1094/U {Type BNC). 
L1-22µ h., plus or minus 10 per cent (Delevon 1537-44). 
L,-1 .3 µh., 21 turns No. 24 enam., close·wound on \{.. 

inch diam. form. 
L.-22 µ h., 65 turns No. 32 enam., close·wound on %· 

inch diam. form; see text. 
L,. l 0, L,,- 2.2 µh., 32 turns No. 24 cnom., closo·wound 

on lf.i.inch diam. form . 

oscillator could be located at the operating posi
tion and connected to a varactor mounted in 
the mixer at the antenna. This arrangement 
could be quite simple, as only a milUwatt or less 
power is required for l.o. injection at 2300 Mc. 

l.F. Preamplifier 

The i.f. amplifier has a noise figure of only 
slightly more than 1 db., clue mainly to tlie 
Nuvistor cascode input stages. Low-loss coils 
at L1, L2 and L3 in Fig. 10-68 are important, 
as is the small value of coupling capacitance, 
C0 • This transforms the low impedance of the 
crystal up to the higher value which i.~ optimum 
for the 6CW4 at 30 Mc. A criticnl vnh1e of 
catliode bypass is used for Cw This should be 
wired into the circuit with r.-inch leads, to tune 
out the cathode lead inductance of the first 
stage. L1 can be made like L3, if desired. 

The three tubes of tlic preamp should be 
arranged in line, witli components mounted 
close to the tube sockets they serve. Lead 
lengths should be kept to .12 inch or less. The 
6CW4-6A.K5 wiring sbouJd be Bko that of the 
main i.f. amplifier. Since tlio preamp makes an 
extremely sensitive 10-meter front end, a shield
ed chassis such as a Minibox, and n 6AK5 tube 
shield, should be used. The dropping resistors 
and bleeder in the B-plus circuit are arranged 
so tliat the supply voltage will not be excessive 
during warm-up periods. 

Operation 

Before reception is attempted, the l.o. injec
tion, i.f. amplifier and tlireshold detector should 
be checked out. Operate the main receiver 
chassis first, without the preamplifier or local 
oscillator connected. Before applying power, set 
the i.f. and video gain controls at maximum 
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Setting Up the Pulse Station 

(fully clockwise) nnd the remaining potentio
meters fully counterclockwise. After turning on 
power, the VR tubes should light up in a few 
seconds, and Lhe voltage after R!!, Fig. 10-66, 
should read about 150, as soon as the heaters 
warm up. Other voltages should read about as 
given. 

Connect a speaker or earphones to the output, 
turn the audio gain and bandwidth controls 
fully clockwise, and tum the i.f. and video gain 
controls fully counterclockwise. As the stability 
control is turned up slowly, a popping sound 
should be heard, followed by a weaker squeal, 
whose pitch varies with rotation. Leave the sta
bility control set just below where the popping 
is first heard. 

The main i.f. :unplifler can be aligned wit11 
a sif,•nal source such as n grid-dip oscillator, using 
a few inches of wire in the input BNC connector 
as an antennn. Connect n mill iammeter in the 
second detector circuit, as ind icated in F ig. 10-
66. Place the bottom cove!' on thu chassis, and 
turn the i.f. gain full 011, T he 30-Mc. signal 
source should he con1)led to the input so as to 
give about 1-ma. output current. Without 
changing input coupling, tu ne the signal source 
until a frequency is found which gives the high
est current when the output stage is peaked by 
adjusting CJ 6. Thjs is tl10 center frequency of the 
response ot the three stages together, and is 
about 31.5 Mc. for the receiver shown. 

Ne.xt, connect power to the i.f. preamp and 
the local oscillator, but do not connect the l.o. 
or i.f. signal cables. Check t11c cathode voltages 
of the preamp. With the preamp and mixer 
completely assembled, connect the preamp to 
the main receiver with n 50-ohm cable, and 
tune the signal source to the center frequency 
of the m::iin i.f. amplifier. With a few inches of 
wire connected to the signal-input jack of the 
mixer, peak CG and C 111 to Lhe i.f. signal, with the 
meter showing about 1 ma. Move the signal 
source away, or use a 2300-Mc. signal later, to 
peak Cr, accurately. 

To check mixer opcrntion, remove tl1e jumper 
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from the crystal-current meter terminals on the 
preamp, and connect a 1-ma. meter with the 
polarity shown. Decouple the l.o. probe, ],,, from 
the mixer cavity as far as possible, and connect 
a short coaxial cable from the l.o. Adjust the 
1.o. output for 0.3- to 0.8-ma. crystal current. 
Increase injection by threading the l.o. probe 
farther in, if necessary. When the proper level is 
obtained, lock ],, in place with the jam nut. The 
meter can be removed and the jumper replace<l. 

The receiver is now ready for use on 2300 
:\Ile. It \viII be found that front-end tl1erm::il 
noise is capable of continuously triggering the 
threshold with the video and i.f. gain at maxi
mum. The most sensitive condition for weak 
signals is with the i.f. gain near maximum and 
the video gain turned down until the threshold 
is triggered on noise peak5 a few times per sec
ond. The i.f. gain control is then used for minor 
adjustment of the triggering rate. It should not ho 
left turned down for long periods, as the B-plus 
voltage after the main i.f. dropping resistor, R . ., 
will be excessive in this condition. No troubfe 
has been ex-perienced with tllis, but if it be
comes a problem it can be eliminated througl1 
the use of a VR-150 regulator after R,,. 

T he final step is to check the tunirig of the 
p.r.f. filter, by varying the transmitter p.r.f. and 
watching for the peak in audio output. 

Conclusions 

It should be emphasized tJrnt this description 
is only one of many possible approaches. The 
equipment could be improved in many ways, 
nnd could be adapted to 3300 Mc. with only 
minor modification. There ::ire also many in
triguing possibilities in the large amount of sur
plus radar pulse equipment now available. 
Some useful equipments are listed below: 

APR-4, with tuning head TN-54 Radar re
ceiver 2150 to 4000 Mc. Noise figure poor. L.o. 
in tuning head . 

APR-SA Radar receiver, 1000 to 5000 Mc., 
in one assembly. Noise figure probably poor. 

'--..---+--+------ ---<> + 300V. 

~ + 
~ )OV.l 

IOOK r--0 -300,• 225:1•150V., 
ZW. ,....J... 6.3 V. A.C. 

3i~· ( JJ 

~---------.o-150\1. REG. 

Fig. 10-69-Powcr supply for the 2300-Mc. receiver. Capacitors a re electrolytic, po
larity as indicated . T1-Sta ncar 8412, or equivale nt. 
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APR-9 wit /a tuning head TN-128 Radar re
ceiver, 1000 to 2600 Mc. Noise figure poor. L.o. 
in tuning he..'ld. 

APC-5 or APG-15 Radar for B-29 tail gun, 
2700 to 2900 Mc. Has pulsed 2C43 transmitter 
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and 2C40 l.o., in cavities similar to those de
scribed in this series. Probably convertible to 
2300 Mc. without too much difficulty. 

2]39 Integral-magnet magnetron. 9-J...-w. peak 
power output, 3267 to 3333 Mc. 
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Chapter 11 

Test Equipment for the V.H.F. 

Station 
Many v.h.f. men tend to be experimenters at 

heart. Much of the pleasure and satisfaction to 
be derived from v.h.f. work comes from striving 
for the best possible performance from our sta
tions, whether they are lavish or modest in na
ture. Thus it is important that we acquire suit
able test equipment, and the know-how to use it 
effectively. This does not necessarily mean a 
laboratory full of expensive gear. Much of what 
is needed can be provided at moderate cost, 
particularly if we are willing to take the time 
and trouble to make some of its ourselves. 

All ham gear costs money, and the average 
amateur investment in equipment is rising every 
year. Regrettably, this does not always apply to 
the percentage of the total budget tl1::1t is de
voted to test equipment. Yet whether we buy 

our operating gear or build it ourselves, only by 
having adequate testing and measuring equip
ment, and usin~ it regularly and well, can we 
be sure that Wtl arc getting maximum return 
from the money spent on transmitters, receivers 
and antennas. Nowhere is this more trne than 
in the v.h.f. field. 

A ~ood deal of amnteur test equipment is es
sentially the same, regardless of tlie frequencie.~ 
we intend to concentrate on. Tl1ings like volt
ohmmeters, oscilloscopes, meters jn general, the 
audio oscillator, tl1e grid-dip meter- these are 
standard item~ that wo will not dwell on exten
sively in tl1cse pages. Rather, we will devote 
our space mostly to simple gadget-type items, 
tailored to tho v.h.f. man's needs. We'll start 
with the simplest of them all. 

LAMPS- POOR MAN'S METERS 

Good meters are a very worthwhile invest
ment. Every ham should have a few, but they 
do not have to be built into everything. Knowing 
what to test and measure, and being able to 
make a meaningful interpretation of what the 
meters tell us, is more important than having 
shelves full of expensive test equipment. An ex
perienced and knowing ham can do good work 
with a meter or two, a few pilot lamps, neon 
bulbs and some simple wavemeters. There is no 
substitute for experience in this department, 
and the way to get the experience and know
how is to start right in, building simple equip
ment nnd making it work. 

Current and Power Indicators 

More can be done wjth pilot lamps as current 
and power indicators than most hams realize. 
The information of Table 11-1 can be put to 
use in a number of ways. Most of the lamps 
listed are available in radio or even hardware 
stores. The rating in amperes, right column, 
tells us that these lamps draw 0.06, 0.1, 0.12, 
0.15, 0.17, 0.2, 0.25, 0.4 and 0.5 amperes, at 
normal brilliance. These figures ( 60 to 500 mil
liamperes) are close to ranges of mill iamrnctcrs 
we would buy if we had an unlimited budget. 
Obviously, lamps can replace meters in many 
uncritical circwts where we need merely an ap
proximate inrucation of current being drawn. 
Lamps are fuses of a sort, too; they'll bum out 
if current goes very high for any reason. 

Lamps serving as current and power-output 
inwcators are shown in Fig. 11-lA. Lamp 11 is 
a plate-current "meter." Connected in the line 
from the plate ci.rcuit, it gives an ind ication of 
plate current being drawn. If the stage is sup
posed to draw 30 to 60 ma., a 2-volt 60-ma. 
pilot lamp (No. 48 or 49) will do. I t can be 
mounted in a socket, to make it easy to replace 
if burned out. You can burn out a lot of them 
for the price of one good meter. 

Lamp I., is a dummy load and power-output 
indicator. 7f he coil L1 is a single turn of insu
lated hookup wire nbout one inch in diameter. 
With the loop coupled to an r.f. circuit carrying 
power, the lamp will light due to power ab
sorbed. With a very low-power circuit the loop 
can be hung over the coil in the plate circuit, 
or inserted between its turns. For looser cou
pling, needed where the power output is much 
over 1/10 watt, the lamp can be taped to an in
sulating rod to be used as a handle to hold the 
loop at the desired distance from the tank 
circuit. 

vVe can tell several things from these two 
lamps. They can be calibrated roughly for both 
current and power from known d.c. sources. 
At a current of 50 ma., which it will draw from 
a l.4-volt cell connected as in 11-lB, a No. 48 
or 49 bulb gives off considerably less light than 
at its rated 60 ma., but still enough to be clearly 
visible. From its normal rating, we know that 
full brilliance indicates 120 milliwatts of power. 
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Table 1 t -1-PILOT-LAMP DATA 

Lamp Bead Ba3e Bulb 
No. Cofer (Miniature) Type 

40 Brown Screw T-3\4 
40A1 Drown Bayonet T-3% 
41 White Screw T-3\4 
42 Green Screw T-3\4 
43 White Bayonet T -3\4 
44 Blue B:>yonct T-3\4 
45 0 Dnyonet T -3\4 
46• Bluo Screw T-3\4 
47 1 Brown Dayonct T-3%. 
48 Pink Screw T-314 
49• Pink l3nyonct T-3%. 

49AG White Jlnyonct T-3%. 
50 Whit·c Screw C-3'h 
SP White Bnyor1ct G-31/, 
53 -- Bnyon ~t C-311.: 
55 White Bayonet G-•11/, 

292° White Screw T-3\4 
292A• White Dnnonet 1'-3\4 

1455 Drown Scre\V C-5 
l455A Urown Bayonet C-5 
1487 - Screw T-3\4 
1488 - Bayonet T-3% 
1813 - Bayonet T-3% 
1815 - Bayonet T-3% 

'40A and 47 nrc interchangeable. 
o l'rostcd bulb. 
• 49 nnd 49A nrc intorchnngcnblc. 

RATING 

Volts Amp. 

6-8 0.15 
6-8 0.15 
2.5 0.5 
3.2 00 

2.5 0.5 
6-8 0.25 
3.2 .. 
6-8 0.25 
6-9 0.15 
2.0 0.06 
2.0 0.06 
2.1 0.12 
6-8 0.2 
6-8 0.2 

14..4 0.12 
6-8 0.4 
2.9 0 .17 
2.9 0.17 

18.0 0.25 
18.0 0.25 
12-16 0.20 
14 0.15 
14.4 0.10 
12-16 0.20 

•Use .in 2.5-volt sets where regular bulb burns out 
too frequ ently. 

0 While in G.E. nnd Sylvnnin; !,'l'CCn in National 
Union, llaythcon nnd Tung-Sol. 

00 0.35 in C.E. nnd Sylvnnin; 0.5 in Nnt:ional 
Union, llnythoon nod T ung-Sol. 

We thus have four useful references with which 
to work: 50 ma. and 60 ma. of current, and 70 
and 120 milliwatts of power. Similar references 
can be set up easily for other lamps in the ta
ble. These are rough indications, of course, but 
tl1ero aro plenty of places where they are good 
enough. 

Using Neon Lamps 

Neon lamps of various sizes are handy as in
dicators of r.f. 6clds, as they will ignite when 
merely held near a hot circuit, if the Geld is 
strong enough. Held close to a transmitter tank 
circuit, or to the end of an antenna carrying 
r.f. pcwer, U1ey will glow witl1 a brilliance and 
color Lhat conveys several biL~ of information. 
Tho brilliance is a relative r.f. power indicator, 
and tho color is somewhat of an indication of 
frequency. At the low end of the r.f. range the 
glow is a bright orange, changing grndua!Jy to 
purplo with increasiJ1g radio frequency. In the 
v.h.f. range the neon glow is markedly more 
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• 
Fig. 11· I-Pilot lamps con be used as current and power 
output indicalors. Lamp 11 con substitute for a plate
current meter, whero only o rough indication is needed. 
' •· inductively couplod ta the plote circuit, provides an 
indication of r.f. powor output. lomps can be calibrated 
roughly for brillionco, as shown ot 8. Here a 2-volt 
60-mo. pilot lamp is connected in series with a single 
floshlight cell and a 100-ma. motor, for colibration 
purposes. 

toward the purple thnn tho orange. Glow color 
can thus be an indicntion of the frequency 
range of a parasitic oscJllation, as an example. 

A neon lamp or pilot lamp connected at the 
center of a half-wave dipole gives an indication 
of relative power at some distance from a trans
mitting antenna. Tho pilot lamp is the better 
for this purpose, for the neon must be subjected 
to a fairly high r.f. voltage to ignite the gas, 
whereas the 6lamcnt of a lamp glows at once 
from the heat being dissipated. 

Any of t11e lamps mentioned can be an aid to 
making a rough check on frequency, when ab
sorption wavcmelcrs or Lecher wires are used. 
' "'e'll covt:r theso applications later in this sec
tion. 

Neons or pi lot lnmps can be used to give a 
rough indication of standing-wave ratio on 
open-wire or other baltmccd transmission line. 
A lamp with a coupling loop attached, or a neon 
bulb held close lo the line, will brighten or dim 
in proportion to tho r.f. voltage aJong the line. 
T wo lamps, one at U10 minimum and another 
at the maximum point of r.f. voltage, thus pro-

Fig. 11-2- The Twin-Lamp is a simple standing-wove 
indicator for uso with balonced line. Lomps 11 ond 10, 

in the schematic diogrorn, A, ore 2-volt 60-mo. pilot 
lamps, with their tips soldorod together and connected 
to one side of tho 300·ohm line. l oops l 1 and L, can 
be made from short pieces of Twin·Leod, os shown at B. 
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Absorption Wavemeters 

vide a direct indication of s.w.r. thnt can be 
roughly calibr:ited against brilliance indications 
from a similar lamp in a metered d.c. circuit. 

The Twin-Lamp S.W.R. Indicator 

A flne example of the use of lnmps to do a 
much-needed job is the Twin-Lamp s.w.r. indi
cator originally described by v. h.f. enthusiast 
W4HVV years ago in QST. • It works on the 
principle of separating the outgoing from tJ1c 
reflected power on a transmission line, by a 
combination of inductive and capacitive cou
pling. The Twin-Lamp is merely two 60-ma. 
pilot lamps connected to two coupling loops, 
nnd to one side of the transmission line, as 
shown in Fig. 11-2. T he schematic circuit is 
given in A, and the mechanical details in D. 

The Twin-Lamp c:m be made up permanent-
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ly attached to a short section of Twin-Lead, 
which can be inserted in the transmission line 
as needed, or left permanently connected. A 
5imilar arrangement can be made for open-wire 
lines. Lengtl1 of the loops, L1 and L2, depends 
on the frequency and power level. T wo to four 
inches in length should be suitable for v.h .f. 
work at average power levels. 

The lamp nearest th e transmitter end will 
light when power is fed to tlle line. If the s.w.r. 
is low, tlie lamp a t tlie ot her end \viil remain 
dark. At moderate ratios the lamp on the an
tenna side will glow, and witli a bad mismatch 
the two will be ;\bout the same brilliance. The 
device should not be tllought of in tenns of 
measurement of s.w.r., but it does give a usable 
indication of adjustment, and it tells whetller 
tJ1e s.w.r. is high or low, which is all tl1at is 
really important in most instances. 

ABSORPTION WAVEMETERS 

Ono of tht) most useful items of test equip
ment in a v.h.f. sta tion is the absorption wave
metcr. Fortunately, it is also simple and inex
pensive. Anyone who does much work with 
v.h.f. equipment should have a few of them. 
Thrco that take care of basic v.h.f. requirements 
aro shown in Figs. 11-3 to 6. 

A wavemetcr can be a sophisticakd tkvice, 
but in its simplest form it is merely a tuned cir
cuit whose resonant frequency for v;i rious ca
pncitor settings has been cnlihrn tcd. When tht;J 
wavcmeter is coupled to a cirl·uit c11rrying r.f. 
power it will absorb some of the power when 
tuned tJ1rough the frcquenC)' of the source. In
dication tJ1at tJ1is is happening can he obtained 
in several ways. 

If the stage to be checked is an oscillator, 
tuning tJ10 wavcmeter tlirough its frequency 
may cause a shift in frec1uency. This can be 
heard on a receiver tuned to the oscillator fre
quency. The plate or grid current in an oscilla
tor or amplifier stage will nearly always show 
some change, and tlle power output will d ip, so 
any of these ind icntions, or a comhinnlion of 
them, cnn ho employed. Tho frcqucncy of an 
oscillating detector cnn be checked with the 
wavemcter in a similar manner. T he hiss lcvel 

of a superregenerative receiver will d ip when 
the wavcmeter Llmes through its receiving fre
quency. The regenerative detector may go 011t 
of oscilla tion, or the frequency of the bent note 
will change, due to wavemetcr absorption. 

The approximate frequency of any unwanted 
oscillation in a transmitter or receiver can be 
learned with the wavemeter in much tlle same 
way. Check the grid cmrent in the oscillating 
stage, and wat<.:h for a quick change as the 
wavcnll' ter is tuned. In a receiver, listen to the 
effects of the oscilfation, nnd note when they 
change abmptly in any wa)' as the wavemeter 
is adjusted . 

v\Tavemeters can be made to cover wide 
ranges of frequency with rough calibration, or 
narrower r anges with more nccurate calibration. 
We show both types here. With the \vidc-range 
type, frequencies go by so rapidly as the tuning 
capacitor is rotated th:it the frequency indica
tion is necessarily only approximate, but it is u 
very useful tool. Two of our wavemeters nre 
tJ1is kind. T he fi rst tunes from 45 to L55 Mc., 
giving coverage of the 50-Mc. band, the 144-
Mc. bnnd, and other highly useful spots such 
as 48, 72, 96 and 100 Mc., as well. T he other 
spans 113 to 255 Mc., passing through the 144-

Fig. 11-3- Three simple wovemeters for v.h.f. use. The two al the left hove wide-range circuits, while the 
third i• o bond·sprcod version. Each hos a clip lead connected to the handle, for grounding to the chassis 
of the equipment being tested, in tho inlorosl of solely. 
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nnd 220-lvlc. bands along the way. The third 
is the bandspreacl type, having a fixed capaci
tor in parallel with tho variable one. Covering 
120 to 160 Mc., it spreads the 144-Mc. bnnd 
enough so thnt a fa irly good indication of actuaJ 
frequency is possible, if the wavemeter is made, 
calibrated and used with care. 

Construction 
The wavemeter should be solidly built, to re

tain its calibration in normal handling and use. 
Ready-made coil stock provides the required 
rigidity, if connected with the absolute mini
mum of lead lengtJ1. Some kind of indicating 
knob and scalo ammgement is desirable, so 
that a permanent calibration can be made. 
Construction shoulcl be such that the instru
ment can bo held in the hands without affect
ing the calibration, and used with reasonable 
safety around live circuits. 

Many arrangements are possible; those shown 
are mere ly ono approach to the problem. Each 
is mounted on two pieces of aluminum, a handle 
and a panel area. The handle is about 1 by 6 
inches and the panel is roughly 2lf inches in 
diameter. Ono of tho screws holding these 
pieces together has a soldering lug attached, 
with a clip lead soldered to it for grounding the 
wavemetcr frame, in the inter~t of safety. The 
variable capacitors are the type in which the 
rotor is grounded directly by the mounting shaft 
and nut, these being less subject to hand-capaci
tance effects tJ1an variables with ungrounded 
mounting studs. One type of coil stock ( B & W 
Miniductor No. 3002, having No. 20 tinned 
wire, M inch in diameter, 8 turns per inch) is 
used in all three. 

The wavemeter for 50 and 144 Mc. bas a 
50-pf. variable (Hammarlund HF-50) and 4r. 
turns of coil stock. The bottom of the coil is 
soldered to the right stator post (as we look at 
the back of the wavemetcr) \vi th less than ~8 inch 
of exposed lead. The wire end of the top of tlle 
coil is 1~ inch long, its last 1': inch being soldered 
to tl1e rotor lug. The position of the coil is such 
that it is coa:"<ial with the rotor shaft. Knobs are 
Johnson 116-222-5, though any indicating 
pointer or diaJ-type knob ,viJl do. 

The unit for 144 :rnd 220 Mc. bas a 15-pf. 
variable (Hammarlund HF-15) and roughly 2~ 
turns of coil slock. The top edge of the coil lines 
up with tho center of tl1e rotor shaft in this 
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Fig. 11-4-Rear view 
of the wavemeters, in 
the same order as in 
Fig. 11-3. 

model. The top lead is about r. inch long, and 
the bottom one substantially nil. 

The band-spread model uses a double-spaced 
capacitor, originally 15 pf. (Hammarlund HF-
15X) wilh all but the back two rotor plates re
moved. The stator is left intact. The coil is prac
tically identical to that in the second unit, ex
cept that tho top lead is lJS inches long. The 
coil is connected between the left stator post 
and the rotor lug. Laid tightly against tl1e ce
ramic end plate of C1, and connected with the 
shortest possible leads between the stator post 
and rotor lug is a 5-pf. ceramic fixed capacitor, 
C2. It is out of sight behind the va.riable capaci
tor in Fig. 11-4. 

Calibration 

Pieces of white card cut to 2~-inch diameter 
disks arc mounted under the outs holding the 
capacitors to the frames. With the capacitor full 
out or full-in, tl1e knob is set on the shaft so 
that its indicator points straight up when the 
wavometer is held in the left band. A mark is 
made on tho white card to indicate that this is 
one end of tho tunfog range. Swinging the ca
pacitor around 180 degrees, anotllCr mark is 
made to indicate the other end. 

A calibration accurate enough for most pur
poses can bo made with a calibrated grid-dip 
meter. Known frequencies of transmitter or re
ceiver stages may also be used. Calibration 
points throughout the range can be marked on 
one half of tho capacitor range, giving calibra
tion points nt 48, 50, 72, 90, 100, 120 and 140 
Mc. on Unit 1. The other half of the full circle 
of rotation can ho marked for 50 to 54 and 144 
to 148 Mc., the two amateur bands we're in
terested in. 

Tho second unit was calibrated at ll5, 125, 
150, 175, 200, 220 and 250 Mc. on one half of 
tho scale, and tho 144- and 220-Mc. bands on 

Fig. 11·5- An absorption·type wovemeler can be the 
simplest form of tuned circuit, as in l 1-C1, al A. 
Circuit B has less cap<Jcilance in C1, a fixed capacitor, 
C,, in porallol, ond a smaller volue of inductance in 
L., for a band·sprcod effect. 

---
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the other. The bandspread version has nicely
spread points at 120, 125, 130, 140, 150 and 
160 .Mc. on one side and 144 to 148 on the 
other. 

If care is tL~ed in duplicating the originals, 
you can copy the dial scales reproduced here, 
Fig. 11-6, and you'll be close enough for ordi
nary work. Direct calibration with a reliable 
frequency source is much better, of course. You 
very likely can borrow a grid-dip meter for this 
purpose, if you do not own one. 

Using the Wavemeters 

vVe have already described some of the uses 
for the instruments, but here are practical ex
amples. Suppose you have a 50-Mc. crystal os
cillator. You know it is oscillating, but you're 
not sure whether if is on the right overtone. Or 
perhaps you want to check a frequency multi
plier to see if it is operating on the right har
monic. Connect a meter in the plate circuit, or 
in the grid circuit of the following stage, if any. 
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Lacking a meter, use a lamp load or a neon 
indication, as in Fig. 11-1. Now, connect the 
wave-meter clip lead to n ground point in the 
equipment, and· hold the wavemeter so that it 
couples to the tuned circuit in question. Rotate 
the wavemeter dial slowly, watching the meter 
or output indication. There wilJ be n quick dip 
downward as the wavemeter tunes through the 
frequency at which the stage is operating. Hold 
the waverneter as far as possible from the cir
cuit being checked, and still get the dip inclica
tion. This will show the frequency of -tbe r.f. 
power with the best accuracy. 

Watch out for live circuits. Remember that 
even low voltages can bo lethal. Large amounts 
of r.f. power absorbed hy the wavemeter may 
cause r.f. bums on sensitive skin. Always be on 
the alert to keep hands and other parts of tl1e 
body away from any circuits carrying a.c. or 
d.c. voltages. The wavcmcter circuits can be 
enclosed in transparent plustic, if desired, but 
constant a ttention to tl1e ever-present danger of 
high voltage is the only real protection. 

Fig. 11-6-These wa vemeter sca les may be 
copied, if construction is exactly like the 
original units. White cards ore 21/.i inches 
in diameter. Calibration should be regarded 
as rough only, until checked against a source 
of known frequ ency accuracy. 

SIMPLE FIELD-STRENGTH 
INDICATOR AND WAVEMETER 

Some sort of field-s trength indicator is a must 
for v.h.f. antenna work, and it can be useful in 
other ways. The instrument of Fig. 11-7 dou
bles as a wavemeter. In this role it is more sen
sitive and versatile than tuned-circuit absorp
tion wavemeters just described. The d iode CR1 
rectifies r.f. curr~nt, and the meter reads the re
sultant direct current. You can get visual illdi
cations of r.f. field strength and frequency 
without metering the circuits under examina
tion. 

With n pid .. 'l.lp antenna connected to J1, the 
meter will indicate relative power being radi
ated by a v.h.f. antenna, for use in evaluation 
or adjustment Sensitivity depends on size of the 
pickup antenna, closeness of coupling between 
L1 and L2, type and condition of the diode, 
and range of the indicating meter. The lower 
the meter range the better. \i\Titl1 a 100-JLa. me
ter the instrument will give full-scale deflection 
at 100 feet or more from a v.b.f. beam, if a half
wave pid1.1p antenna is used. With a 1-ma. me
ter the separation is considerably less, for a 
given transmitter power and antenna gain. 

The tuning range of C 1-L2 can be calibrated 
with a grid-dip meter or any otl1er source of 
r.f. power of k:Qown frequency, or the scale 
shown can be copied with accuracy sufficient 
for most purposes, if the parts and layout of the 
original are duplicated. With values given the 
range is roughly 47 to 175 Mc., covering the 

50- and 144-Mc. bands with some leeway on 
botl1 ends of the scale. The various frequencies 
from 48 Mc. up, commonly encountered in 
v.h.f . transmitters, arc also marked on the white 

Fig. 11 -7- A field-stre ngth indicato r and wavemeter 
far 50 and 144 Mc. The coi l size is set so that the 
tuning ra nge is opproximolely 47 lo 175 Mc. 
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Fig. 11-8-Schomatic diagram of the field-strength 
meter. Ground connection shown in broken lines is for 
metal-case construction. 
C,- 75-pf. miniature variable (Hammarlund APC-758). 
CR 1- 1N34 or other v.h.f. diode. 
J 1-lnsulatcd tip jock. 
l 1- 1 turn insulated hooku p wire, 'h-inch diameter, 

spaced 1 turn from L •• 
L,-3 turns in1ulated hookup wire, ¥..-inch diameter, V.. 

inch long. Adjust turn spacing for desired 
tuning range on C,. 

Moler is 100 micro-amperes, though up lo 1 ma. is 
usable, with reduced sensitivity. 

scale, making tho meter handy in checking os
cillator and mutliplier stages. Our brethren on 
lower bands mny find this gadget useful for 
checking tho frequency and source of v.h.f. 
parasitic oscillntions or harmonics in their equip
ment for the "tl.c. bands." 

A small plastic meter box with a sloping front 
panel is used for a case. If a metal box is used, 
tho instrument will have less hand-capacity ef
fect than with a case of insulating material, but 
it will interfcro with its use as a simple wavc
mctcr. Tho ground connection shown in broken 
lines in Fig. 11-8 is for a metal-box version, and 
represents the grounding of the rotor of C 1• 

Parts may bo arranged to suit the maker, so 
long as r.f. leads are kept short. Note the cop
per-strap short across the meter terminals. This 
should be kept in place whenever the plastic
box instrument is not in use, to prevent damage 
to the meter in strong r.f. fields. 

Uses 

A rough idcn of the gain, pattern and front
to-back ratio of a v.h.f. beam can be obtained 
by setting tho llcld-strength meter up at a dis
tance out in front of the antenna under test and 
then performing substitutions or adjustments. 
No diode is linear, so changes in meter reading 
aro only iudicntions, not accurate measure
ments. A favored method of evaluation, with a 
devico of this kind, is to measure the power in
put to the antenna that will give a constant 
readfog as conditions are changed. If power in 
tho line can be read accurately the power rn
tios thus obtained !,>ive a fair indication of the 
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results of the antenna adjustments or changes. 
More on this in the chapter on antennas. 

In using the instrument as a wnvemeter a 
pickup antenna may or may not be required. 
Usually an r.f. indication can be obtained by 
holding the wavemeter near the circuit to be 
checked. Tune the capacitor slowly 11nl:il a me
ter indication begins to show, then move the 
instrument away to keep the meter from going 
off scale. If the diode is in a strong enough r.f. 
lleld there will be rectified current regnrtl less of 
the setting of C1. In such circumstances it is 
advisable to use a pickup antenna a few inches 
long or more and move the instrument farther 
away, in order to prevent direct pickup by the 
diode. Varying the coupling between L1 and 
L,, is hclphtl in eliminating this blocking effect. 
Bo sure to take all due precautions against 
high-voltage shock and r.f. burns in using this 
and other items of r.f. test equipment. 

A sensitive microammeter is costly and frag
ile. Especially when working around high pow
er, it is easy to run the 100-µa. meter off scale 
without realizing it. To prevent damago to the 
meter it is advisable to keep it shorted at all 
times when the instrument is not in use. A strip 
of copper about ~ inch wide is kept wrapped 
around tho meter terminals for this purpose, 
and is removed only when work is to be clone. 

Fig. 11-9-Rear view of the field-strength meter. Note 
copper strap acrosi meter termi nals. Thi. should be 
kepi in place when the instrument is not in use, lo 
protect the meter. 

REMOTE-INDICATING 
FlEL~STRENGTH METER 

A limitation on the usefulness of a simple 
field-strength meter of the type shown in Fig. 
11-7 is that when it is in a good position for 

doing its job the instrument may be far from the 
man who wants to observe its fluctuations as he 
makes adjustments. The ideal spot for a field-

-
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Fig. 11 -10-A v.h.f. field-strength indicator and gcncrol
purpose lest instrument for d.c. moosurement. Tho small 
pickup unit con be plugged into th& indicato r as 
shown, or connected lo it by o 2·wire coble of any 
desired length. Antenna rods or wires plug into jocks 
al each end of the sma ll box. Tho meter con be used 
with test leads for measuring direct current and voltage. 
Ranges ore 0 to 50 and 500 microomperes, 5, 50 and 
500 milliamperes, and 0 lo 500 volts d.c. 

strength pickup device is as for out in front of 
the antenna being worked on as possible, and 
preferably in about the same plnne. At this dis
tance and height it must be observed by a sepa
rate worker, or tho mm1 making adjuslments 
will have to use field glasses to read it, if he 
can see it at alL 

The logical remedy is to mnke tho pickup 
portion of a field-strength indicating device n 
separating unit, put it up where it will do the 
job required, and then run a line down to a me
ter at or near the adjusting posi tion. Tho fleld
strcngth meter of Fig. 11-10 can be used witl1 
tho meter box and pickup unit plugged togeth
er, as shown, or connected by means of n cable 
of any desired length. Tho meter box itself is 
made usable for other measuring jobs by build
ing a switch and appropriate multiplier circuits 
into the case. As a general-purpose test meter it 
can read 0 to 50 or 0 to 500 microampcres, or 
5, 50, or 500 milliamperes, and 0 to 500 volts, 
d.c. The multiplier circuit also allows different 
levels of sensitivity in the field-strength indicat
ing role. 

As may be seen from the lower portion of 
Fig. 11-11, the pickup unit, n 1% X 21~ X 3~
inch .Minibox, contains only a diode, a resistor 
to complete the d.c. circuit, a bypass capacitor, 
two rJ. chokes, and two "banana jacks," one at 
each end of the box. These take plug-in wires 

281 

or rods, which make up a half-wave dipole. 
Something shorter is usable, if maximum sensi
tivity is not important. There are no tuned cir
cuits, so the system will work on any frequency. 
Tho only selectivity is the very slight amount 
introduced by the length of the pickup dipole. 

On tl10 back of the small case are two pin 
plugs. These take matching pin jacks on the end 
of the remote cable, or they can plug directly 
into tl1e pin jacks on the 3 X 4 X 5-inch Mini
box used for tl1e meter case. The two-conduc
tor connecting cable can be any available wire. 
Ordinary zip cord for home-appliance wiring is 
convenient. Coax or Twin-Lead that may have 
seen better days is also suitable. 

Layout of parts in both units is generally un
critical, and obvious from the pictures. The 
lower tl1e meter range used, the more sensitive 
tl1e instrument becomes. A fairly inexpensive 
imported 50-microampere meter ( AMD :MRA-
38) is shown. With this meter it is possible to 
get a usable indication of r.f. at up to several 
hundred feet away from a good beam, if a half. 
wave pickup antenna is plugged into J3 and 
h It is used with n 100-foot cord by t11e author. 

Thero is really only one important ntle in 
using the instrument: Be sure that you have the 
multiplier switch, S1 , set in such a position tliat 
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Fig. 11-11-Schemotic diagram of the remote-indico1ing 
field-strength meter. Resistors in the indicator unit 
should be 5 percent or belfer for good meter accuracy. 

CR,- Any small r.f. diode, l N34 or equivalent. 
J 1, J,-lnsuloted tip jock (Johnson 105-601 lo 611, de

pending on color). 
J., J,-lnsulated " banana jock" (Johnson 108-90 1 lo 

907). 
J., J,- lnsulated tip jack and sleeve (Johnson 105-701 

ta 711). 
P1, P,-lnsu loted tip plug, mole (Johnson 105-601 lo 

611, with% inch No. 12 wire soldered in jock). 
P., P,-lnsulated tip plug (Johnson 105-301 lo 3 11). 
RFC,, RFC,-1-woll resistor wound fvll length with No. 

30 enamel. 
s,-2-section 6·position switch, 
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the meter movement will not be banged off
scale. When there is the slightest doubt about 
thu magnitude of tho reading to be expected, 
start on the highest current range and work 
down. This applies whether you are reading 
platn current in a trnnsmitter or using the in
strument as a field-strength meter. A 50-micro
ampere meter can be burned out in a tiny frac-
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Fig. 11-12-lnteriors ot the field
strength meter pick-up unit, right, 
and meter box, left. 

tion of a second. Play safe! 
The meter ranges other than 0-50 µa. arc ob

ta ined hy i11troducing various resistances in the 
meter circuit , as shown in Fig. 11-11. This 
means that shunts in circuits being checked 
may aff(•ct the l\ccuracy of current readings. 
For moro on fleld-strengtb-mcter te<:hniques see 
the previous item, and Chapter 8. 

A V.H.F. MAN'S MONIMATCH 

tl lnny descriptions of v.h.f. llntennas mention 
the desirnhility of using an s.w.r. bridge in mak
ing rnntching adjustments, yet most bridges do 
not work satisfactorily in the v.h.f. raugc. The 
handy 1rndgct shown in Fig. ll-13 is a v.h.f. 
versio11 of the popular Monimatch. It will work 
to some extent on lower frequencies, hut it is 
primarily intend<..'CI for uso at 50 to 450 l\k, at 
power-output levels From 5 to 100 watt~ on 50 
iVlc., and as low ns 1 watt on higher bands. It 
also doubles as a tes t meter, for use in tuning 
up the "Two-Uancl Station" described else
where in this book. 

The limitation on frequency range is due to 
tho r.f. pickup from the modified coa>.ial line 
section that is a fundamental part of this type of 
instrument. If the loop W1 of Fig. 11-14 is 
made long enough lo work at, say, 3.5 1'1c. the 
coupling will be so r::reat at 144 Mc. thnt no 
null can be achieved in the reflected-power 
position. Conversely, a short loop like that 
needed in a v.h.f. version gives so little pickup 
on lower bands that the forward-power reading 
is unsatisfactorily low. To develop satisfactory 
operation in the v.h.f. range also requires spe
cial attention to lend lcn~ths and r.f. hypnssing. 

The bridgo C<ll1 be left pen11anently in the 
line from tho antenna to the coaxial relay, and it 
will show rclntivo power output (forward pow
er) as well ns refl ected power, depending on 
the switch position, at levels up to 100 watts or 
so safe!>'· The ahsorhcd power is a negligible 
portion of the tra11~111itter output. 

The meter is a l f.-inch square plastic-face 
1-ma. job (Lafayette T/\1-400) . Connected l\S 
shown in Fig. 11-14, it not only serves as an in
dicator for tho bridge, but it also may be used 

for mcnsuring plllte and grid current in the 
transmiltct'.~ of the complete v.h.F. station de
scribed in Chnptcrn 6 and 7. Hcsistor shunts are 
built into the transmitters, so th<lt when the 
meter with il~ 1000-ohm resistor in series is 
plugged into the proper tip jacks the meter 
reads LO mu. full scale for i.,rrid current meas
aremt·11ts and 100 ma. for plate current. 

The 11 H;lcr rending when the bridge is in the 
antenna lino indicates relative power only. The 
sensitivity control, R1 , permits use of the bridge 

-. 
Fig. 11-13- The s.w.r. bridge is a v.h.f. version of the 
Monimatch, commonly used on lower bands. Test leads 
permit tho meter to be used for meosuring purposes in 
the transmitters of the v.h.f. station, Chapters 6 and 7. 

-
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Fig. 11-14-Schematic diagram of the s.w.r. bridge. 
Fixed resistors aro 'h watt. 
C

1
, C,-0.00l·uf. button·mica (Erie CB21P0501K). 

CR,, CR,-1 N34 diode. 
J

1
, J

0
-Coaxial fi tting lo suit equipment used. S0-239 

in photo. 
J3, J,-lnsu latod tip jack. 
P1, P2- lnsu la tod tip plug. 
R,-5000·ohm control. 
S,-S.p.d.t . rotary switch (Centralab 1460). 
W,-7~-inch length of RG·58/ U, with No. 24 enamel 

wire inserted as per text. Formvar insulated 
wire preferred. 

at power levels from l to 100 watts. Tt should 
always be turned down before the meter is used 
at an unknown power level. The control is then 
advanced to give a reading that is convenient 
for the adjustment purpose at hand. In tuning 
up for maximum power output you may want 
to set the meter at about half scale, to allow 
room for improvement. If tuning is completed 
and you arc checking antenna matching, the 
forward reading should be as near full scale as 
possible, for maximum sensitivity in the re
flected-power position. 

Tho bridge is built in a 2 X 4 X 6-inch alu
minum chassis. The input and output coaxial 
fittings nro mounted in the exact centers of the 
long sides of the chassis. The two button bypass 
capacitors arc HI inches apart, also on the cen
ter line of the chassis. Placement of the other 
components is not critical. 

To make tJ10 line for tho bridge, cut n piece 
of RC-58/U coax 7~ inches long, and remove 
the black covering. Push the braid from the 
ends towru·d the center, so that it becomes loose 
over the inner insulation. At the exact mid
point of the braid, part the strands sufficiently 
to pass a No. 24 enameled wire. This should be 
about 10 inches long, preferably Fonnvar in
sulated. Clean the insulation from it for about 
JS inch at the center, and twist this portion into 
a small loop. This will be the connection point 
for tbc 47-ohm resistor. Now feed the ends into 
tho space in the braid, and bring them out 
through tho opposite ends, pulling them through 
the br:tid nt about J~ inch from each encl. Solder 
the ends of tho inner conductor of tho coax to 
two coaxial fittings. Slide the braid back to its 
original position and solder tho braid ends to 
grounding lugs at each fitting. 
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Solder the IN34 diodes to the outside switch 
terminals, leaving connections no more than 
about ~ inch long. If you have the newer type 
diode, which is glass-enclosed and color-coded, 
the end with tl1e black ring should go toward 
the switch. The other ends of the diodes con
nect to the ends of tJ1e wire that is threaded in
side the braid. Make these connections short 
and direct, and be sure that the exposed leads 
are tlie same length on each side. The coax is 
draped in U shape, so that it just touches the 
inner end surface of tho chassis. At this point 
the 47-ohm resistor is connected Erom the enam
eled-wire tap to a ground lug fastened at the 
center of the end wall of the chassis. 

Placement of the other components is not 
critical. The sensitivity control, R , is mounted 
in the top end of tho chassis, nnd t\1e meter hole 
is centered below it, rn .inches down from the 
top edge of the main chnssis surface. The two 
tip jacks are % inch Jn from the edges of the 
chassis and 2l:'i inches down from the top. The 
switch is 2 inches up from the bottom. 

Uses 

The primary purpose of the bridge is to de
termine when the antenna system is properly 
matched to its feed line, but it also serves other 
ends. When in the forward-power position, the 
meter gives a relative indication of the amount 
of power going through the transmission line, so 

Fig. 11-15-lnterior of the J.w.r. bridge. Symmetry and 
minimum lead length ore importa nt, for good results 
above 50 Mc. 
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it is useful in tuning up the transmitter. In fact, 
once the transmitter is operating according to 
the information given in Chapter 6, tuning can 
be done mere])' by watching the brid .c:c meter 
while adjusti11g the final-amplifier plate nnd 
loading capaci tors for maximum indication. 

Tho bridi.:e should be connected b t:lwcen tlw 
nntennn relay and the line to the :111lcnnri, 11s 
shown in Fig. 7-2. V.h.f. antennas nrc usually 
desi,e:11cd to be fed with .50-ohm coaxial line, or 
300-o l11 n bnlanced line. Various means for mak
ing the antenna present a 50-ohm lond arc de
scribed in Chapters 8 and 9, but whalc•vrr the 
matching sys tern is, it can he adjusted by set
ting tho bridge switch in the reflected-power 
position and adjusting the antenna matching for 
minimum indication. Switch to the forward
power position intem1ittcntly and check the 
transmitter adjustments to see that t11cy have 
not bcc•n throw11 off by the change in load im
pcdatwe occurring during antenna work. 

If the antenna is fed \.,.;th a balanced line, 
some form of balanced-to-unbalanced coupling 
or halun will ho needed. See " Baluns," Chnp
te r 8. It should he emphasized thnt an antennn 
coupler or antenna matching device should al-
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ways be adjusted for minimum reflected power 
in t11o coaxial line. This should be zero or very 
close to it. The bridge is tl1cn switched to the 
forward-power position and the transmitter and 
loading adjustments are checked to be sure that 
the rij:.( is delivering mnximum power to the line. 
Adjustments to the transmitter have no effect 
on the staud ing-wavo ratio on the transmission 
line. If the transmission line is long (more than 
a few wavelengths) the bridge will give tl1e 
most sensitive indication of matching adjust
ment if it is connected at or near the antenna. 
\VhNo it is conncckd in tht: li1w will have no 
hearing on its effectiveness ns a forward -power 
indic:itor, hut a line that is a half wavelength 
or multiple,: tl1ereof ii. desirable, as it will repeat 
the antenna impedance at the bridge. 

Tho test leads must be plugged into ilie 
brid.c:e tip jacks in order to read either forward 
or rcllec:te<l power. These leads can be any con
venient length as they carr)' only a very small 
direct current. The bridge may be left con
nected in the antenna line while the meter is 
used for transmitter measurements, as removing 
the leads from tile bridge tip jacks disconnects 
the meter from the bridge circui try. 

A V.H.F. IMPEDANCE BRIDGE 

It is often helpful to be able to measure im
pedances of input and output circuits of v.h.f. 
converters, transmitters, cavity 111ters, dummy 
loads nncl an tennas. Most impedancc-matching 
devices described in amateur literature are in
dfective above about 30 !\le., because of inac
curacies resulting from excessive internal cn
pncila nco and inductan<::c. The bridge o.f F igs. 
11-16 through 18 was tailored to the needs of 
the v.h.f. operator. Minimum lead induct:incc 
nnd components chosen for v.h.f. qw1lities pcl'
mit reasonable accuracy in the v.h.f. range. 

An s.w.r. bridge can be used to secure a prop
er match between circuits, or belwt•cn n circuit 
and its load, but this does not allow mc;1surc
ment of the terminal impedance when n mis
match is present. This impedance bridge will 
cnablo the user to make direct reading~ of im
pedanco in tho 10-to-500-ohm range, thus per
mitting the solution of a variety of matching 
problums. 

Construction 

It i .~ imgi.:csted that the builder duplicate, 11s 

nenrly ns possible, t he physical layout. Flashing 
copper l'. inch wide is used for leads in tho 
hridgo portion of the circuit, to keep down ll'nd 
induclnncc. A shield of copper, hraK~ or alu
minum divides the metering and bridge cir
cuits. The potentiometer RH is a 2-walt carbon 
control, with linear taper, so thnt the resistanc1! 
scalo will not be cramped at one end. It is 
mounted on an insulatin~ plate, rathc-r than on 
the metal box, to reduce capacitance between 
the chassis and the metal shield on tlw control. 

T ht: insulated mounting plate is then fastened 
to the Minibox, with the control bushing cen
tcretl in a ~-inch hole. 

The bridge resistor [{1 is 11 5-pcrcent 1-watt 
c:arbon. It is made or two LOOO-olm1 Jf-watt re
sistors in parallel, in tl1e example shown. R2 
shnu l<l be 50 ohms, a valuu nnt read ily obtain
able. This is within the possible range of 47-
ohm 10-percent tolerance resistors, so a stock of 

Fig. 11·16-Simple v.h.f. impodoncc bridge. Settings 
of the variable control, marked on the front of the 
c:ao, re present values of impodonce correspo ndi ng to 
nulls in meter ind ication. 
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Fig. 11-17- lnterior of tho imped~nce bridge. Inside 
the shield, right, ore the cooxiol terminals, tho vorioblo 
control, R., ond the food resistor, R,,. Feedthrough in· 
sulotors moy be improvised from 14-inch teflon rod. 
l eods thereto ore ~-i n ch-wide copper strips. load 
resistor R, is connecled diroctly between the termino ls 

of J1 ond J0• 

these can be checked for tlrn nearest to the de
sired 50 ohms. The value of a resistor can also 
bo raised by Rling into the carbon clement. Be 
sure that the olunmeter used for checking tl10 
resistance value is reliable, if accuracy is de
sired. 

The jacks ]
1 

and J!l arc mounted ns closely 
together as their flanges permit. The meter is a 
100-mierotimpere type, for maximum sensitivity 
when using the bridge with r.f. sources of low 
power output. It is an inexpensive HI-inch 
square imported model ( Calrad). 

Checking and Calibration 

A pointer knob on R:1 and a paper dial scale 
pasted to tJ1e end of the Minibox provide for 
calibration. Select a number of 1-walt carbon 
resistors of values between 10 and 500 ohms, 
to be used as calibration loads for the bridge. 
Attach the link L

1 
lo the input jack J 1• Couple 

a grid-dip meter or some otl1cr low-power 
source of r.f. power to the Link. Use a frequency 
around 145 Mc., if best accuracy is wanted in 
the 2-meter b and. 

Attach a low-value resistor to ] o with tlle 
shortest possible leads. Adjust tlle coupling be
tween the r.f. source and L1 for full-scale read
ing on the bridge meter, or as high a reading as 
possible if .less thai; full-scale. Next, adjus t R~ 
for a null u1 the bridge meter reading, making 
certain tllat the null is as deep as possible. ~'lark 
the dial scale, and jot down the value of the 
load resistor used. Repeat this process with vari
ous resistor values unlit a complele set of cali
bration points has been obtained. A new scnlc 
can now be made and marked permanently 
with India ink, indicating tbe resistance values 
at the check points. 

Uses 
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becomes reactive, as frequently happens in r.f. 
measurements, the null is Jess pronounced. 
Even tllough the null is poor, the readings re
main useful, as they approximate the actual val
ue of the impedance under measurement. 

V.h.f. matching networks may be checked by 
presetting the bridge to the desired value of re
sistance, and tllen making adjustments to the 
matching network until tbe null is obtained on 
the bridge meter. Adjust carefully for best null. 
A Gamma matching system can· be adjusted 
without a transmitter in this way. Insert a length 
of coax, of the impedance of the line to be used, 
between the antenna and the bridge. This line 
should be a multiple of a half wavelength long 
electrically, so tliat tlle antenna impedance will 
bo repeated at the output terminal. This cable 
permits the operator to take readings without 
being in the immediate field of the antenna. A 
2-wavelength section should be about right for 
work in the 144-Mc. band. If the coax is solid
dielcctric (not foam ) RG-8 or similar, a test ca
ble of 107 inches will do. 

Other devices such as the coaxial-line filters 
of Chapter 12 may be checked for input and 
oul1?ut impedance by using line sections that are 
multiples of a half wavelength, and a dummy 
load of the correct impedance. The £Jter input 
or output circuit can then be adjusted for a null 
at the desired impedance. Transmitter or con
verter input or output circuits can be adjusted 
in a similar manner. Unknown vah1es of imped
ance can be determined by attaching the bridge 
to the circuit being tested, and then sweeping 
across the bridge range for a null. 

Though a grid-dip meter is mentioned as a 
power source, a low-powered transmitter can, of 
course, be used in these various applications. 
The freqtacncy stability of the transmitter is an 
advantage, but be sure that it bas output only 
in tl1e desired frequency range. Use of a coaxial 
filter in the trammitter output may be desirable 
in order to prevent harmonics and subhannon~ 
ics from reaching the bridge. 

L1 ~ J, >-irf-T--+-~'V\.1\,-...___. 

P, 

Fig. 11-18-Schemotic diog ro m of the v.h.f. impec'once 

bridge. 
C,- 0.002-µ f. disk ceramic. 
C,-0.001·µ1. disk ceramic. 
CR,-1 N82A diode. 1 N34 also usable. 
J 

1
, J,-Cooxial connedor, S0-239. 

L,-1 turn No. 12 enamel, 1-inch diameter. 
P,-Cooxiol plug, Pl-259. 
R,-500-ohm corbon, 1 wolt. 
R,- 50-ohm carbon, 1 watt . 

. ~he more nearly a loud is to being purely rc
mtivc, tho deeper tho null will be. As a load 

R
3
- 500·ohm 2-walt control, lineor toper (Allen Brod· 

Icy). Cose is 21/.i by 21/.i by 4·inch Minibox. 
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SILICON DIODE NOISE GENERATOR 

One of the most useful tools in adjusting 
v.h.f. receivers is a noise generator. In its sim
plest form n noise generator is a diode drnwing 
current, and therefore maldng noise . This noise 
extends all across the r.f. spectrum, up to a fre
quency detem1inecl mainly by the circuitry and 
tho diode used. 

Such n crystal-diode noise generator is shown 
in Figs. 11-19 through 21. Noise figure cannot 
bo "measured" with a device of this kind, but 11 
is handy as a noise source for adjusting n v.h.f. 
receiver for best noise figure. The lower the di
ode current for a given margin of diode noise 
over receiver noise, the better the receiver is 
working. 

Construction 

The noise generator is bwlt iJ1 nn nluminum 
Minibox 3~: by 21~ by Bi inches in size (Buel 
Ctl-3001-A). Only the load resistor, H1, the 
clio<le, CH1, nod tl1c bypass capacitor, C 1, are 
crilicnl as to mounting position. These sl1011ld 
be connected with absolutely minimum lends, 
if the generator is to he useful above 100 Mc. 
or so. /l 1 is inside the adapter sleeve of P 1• C 1 
should be a button-mica or other capocitor hav
ing good u .h.f. characteristics. Ordinary disk ce
ramics M C not suitable above 50 Mc. 

Tlrn coaxial plug should match the connectors 
on the receiving equipment with which the $!en
erntor is to be most often used. The PL-259 
plug with UC-176/ U adapter was used here. 
The flange on the adapter is only very slightly 
larger in diameter than the threaded portion, 
so using it as a means of clamping the assembly 
to tho generator case is not very satisfactory. To 
give more binding surface, washers of flashing 
copper were mado for both sides of the mount
ing hole . One is shown in Fig. 11-21. Cut with 
shears from one edge to the washer hole, and 
bend the washer nt Lhe break slightly, so that it 
can be threaded onto the adapter sleeve. Use 
one of these washers on each side of the box, 
which must be driJlccl for a 18-inch hole tll pass 
the threaded portion of the adapter. One wash
er can be soldered to tho adapter flange nnd tlw 
other to the end of the plug sleeve, to make the 

Fig. 11-19-Silicon·diode noise gen
crotor for v.h.f. recuiver testing, with 
its oudio d etector, left, for smooth
ing out noise readings. Tip jack. in 
the noise genera tor permit taking 
diode current readi ngs. 

whole assembly less likely to work loose m 
11,~ing tlie noise generator. 

The battery is the 9-volt type commonly used 
in small transistor radios. A mercury bnttery is 
worth the difference in price as it~ voltage will 
remain practically constant throughout its use
ful life. This makes possible a reasonably accu
rate calibration of the generator's noise output 
in t·crms of the setting of the series control, Ro. 

Connection to the 'battery is mncle hy means 
of n terminal block removed from tlie top of n 
<lead battery. The fiber insulating p late on 
which the tcm1innls are mounted is fastened to 
tho front wall of the box. The smaller of its ter
minals is grounded to the case, and the otl1er is 
hacked up by two layers of p lastic insulating 
tnp(.'. Thu assembly thus acts as both connector 
and mounting plate for the battery. 

The J;irge end of the diode is lwld in a plate 
clip of the type used for metal tubes. The small
er end contact was removed from an old octal 
wafer socket. Many different diodes arc usable 
if the upper limit of frequency is not important. 
Silicon rectillcr diodes of tlie kind usccl in pow
er-supply work can be used at 50 or 144 Mc., 
but they draw considerable current, an<l do not 
work well at higher frequencies. U .h.f. mixer 
diodes of the 1N21 series are recommended. 
Also used with good results : 1N25 and 1N32. 
C<'rm:rnium d iodes such as the 1N34 are not 
satisfactory. A good diode will give plenty of 
noise with no more than about 2 ma. diode cur
rent. You may want to put a 6xecl rc-~istor in se
ries with R:! to keep the current below this 
poiut, if all your work is going to be with re
ceiver front ends known to be in <1uite gootl 
working order. 

The tip jacks, J1 and J2 , are for measuring 
current through the diode. This will run about 
10 ma. max;mum with the 1N2 l series diodes, 
hut may be higher with other types. The setting 
of R., is not meaningful when hntteries other 
thnn -tlw mercury type arc use<l, but the d iode 
current is directly related to noise output, and 
can be <.:alibrntc<l roughly in noise figure. 

ThtJ load resistor, R1, should he a value equal 
to the line impedance of the antenna system to 
bo used. If a 51-ohm resistor is not avnilable, 47 



Noise Generator Use 

Fig. 11-20-lnterior of the diode noise generotor. The 
diode, load resistor and bypass capacitor should be 
connected with the shortest possible leads. 

ohms is close enough for ordinary purposes in 
work with 52-ohm antenna systems. Use a 75-
ohm resistor if the line is 72 ohms. A 68-obm 
load may be used if both 52- and 72-ohm lines 
are to be encountered. The value is not par· 
ticularly criticnJ, as the noise generator is not a 
precise test instrument. 

Using the Generator 
In receiver work tho generator is best con· 

nected directJy to the receiver or converter an
tenna jack. Run the receiver \vith its a.v.c. off, 
if possible. Turn up tho r.f. and audio gain con
trols until receiver noise is heard. Keep the r.f. 
gain control as low as possible, in order to pre
vent overload, except where tJ1e gain of tJ1e first 
stage in the receiving system is affected by the 
gain control setting. This is rare in v.h .f. receiv
ing setups, but it may be found in lower-band 
gear. Note the level of the receiver noise, by 
ear or by connecting an a.c. voltmeter, db. me
ter, or the audio detector described later, across 
the speaker or earphone terminals. Now tum on 
tJ10 noise generator, starting wi tJ1 R2 at its maxi
mum resistance setting. 1f no increase in noise 
is heard, reduce the resistance slowly until 
noise begins to rise. 

Use a noise increase that }'OU can remember 
or measure. The lower the crystal current re
quired to give this noise iucrease, the better the 

Fig. 11-21 - Schematic diagram of the noise generator. 
Two washers, right, aro used to mount the coaxial plug 
to the case. 

c,- 500-pf. button-mica. 
CR,-Silicon mixer diodo, 1 N21 etc. 
J ,, J,-lnsulated tip jack. 
P,-Coaxiol plug, Pl-259, with UG-176 adapter. 
51-Toggle or pushbutton switch. 
R,-51-ohm ¥2-wall ca rbon, mounted inside adapter 

sleeve of P1• 

R,-50-000-ohm control. 
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receiver. Trus gives a rough comparison of one 
v.h.f. converter to anoilicr, provided that they 
are for tho some band. Preferably, the con
verters so compared sbouJd be used with the 
same receiver. Adjustment of antenna coupling, 
oscillator injection, tests on various tubes or 
transistors, or checldng any other. factor affect
ing receiver performance, can be done with a 
noise generator of this type. Line loss in a 
length of coaxial line can also be measured, by 
connecting tho Une between tJ1e noise generator 
and tJ1e converter, noting the difference in noise 
through tho line, and with direct connection of 
the generator. 

In receivers having no provision for removing 
a.v.c., some other method of measuring noise 
output must bo made. The receiver S meter can 
be used, if it responds to the receiver's noise 
level witJ1 tJ1e generator turned off. If it doesn't, 
it may be necessary to run the noise-generator 
output higher than normally would be the case, 
in order to get a meter rise indication on gen
erator noise. 

J1 ~T1'1C1~l , 0 '> 
10~ ~J. 

J2 I . 
,...,.... 

Fig. 11 -22- Schematic diagram of the average-type 
aud io detector shown in Fig. 11 -20. Ports a rrangement 
is uncritical. 

J " J", J0, J,-Tip jack. 
T1-Small audio output transformer. low-impeda nce 

winding connects to J1, J0• 

Any receiver adjus tment that makes it possi
ble to obtain a given noise increase with a lower 
cliode current, or n greater S-meter reading in
crease with tho sume level of diode current, is 
an improvomout. 

As shown, tho noise generator produces in 
excess of 20 db. of noise at 50 and 144 Mc., and 
enough to ho usable with any fair1}1 good re
ceiver at 220 and 420 Mc. The amount of noise 
and the upper useful frequency limit depend on 
the diode used, nnd on its condition. Avoid sub
jecting tho cl ioclo to strong r.f. 6elds, or to ex· 
cessive current. If you buy a good diode, it will 
probably coma encased in metal foil, or other
wise shielded. Keep it tJiat way until it is in
stalled in the noise generator, and then use the 
lowest diode current that will give satisfactory 
noise output. 

A refinement some users like is to substitute 
a pushbutton switch fo r the toggle type for sl. 
If this is tho inicroswitch type it can be closed 
with light /lnger pressure, making it easy to take 
readings without the likelihood of disturbing the 
setting of the diode-cunent control, R2. 

Audio Detector for Noise-Generator Work 

In using a vacuun1-tube voltmeter or other 
a.c. output meter in noise-generator work the 
erratic nature of the meter indication is often a 
problem. Noise is random in nature, and unless 
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(A) (9) (C) 
Fig. 11·23-Throo dummy loods for v.h.f. use. lamp in A has va riable capacitor in serios to tune out readonce. 
See text . load B has carbon resistors in parallel. Total resistance should equal impodance the transmitter is 
designed lo work into. A considerable length of lossy coax, C, makes an excellent r.f. load. Since the line 
dissipolos most of the power, the load resistor need not be of high wattage rating. 

the meter is highly damped, the needle will 
fluctuate constantly, making it difficult to estab
lish a reforcnce. The device shown with the 
silicon-diode noise generator in Fig. 11-19 is a 
simple audio detector to smooth out such meter 
readings. 

Orii,,tinnlly described by K0DJP in QST,4 it is 
merely connected to tl10 speaker or earphone 
terminals of ilie receiver, and the meter is then 
connected to its output tenninals. The detector 

is shown schematically in Fig. 11-22. Use is the 
same as if the meter were connected to the re
ceiver directly. The above reference is well 
worth reatling by anyone .interested in improv
ing receiver performance. 

Though the audio detector is shown with the 
crystal-diode noise generator, it is helpful with 
other types of noise generators, wherever the 
flickering of tl1e meter indication may be trou
blesome. 

DUMMY LOADS 
In order to test a transmitter legally, an ama

teur must use a dummy load. Most of us put our 
rigs on the nir for test purposes for brief periods, 
but tl1e considernble running of a transmjtter 
that is usually requi.red during construction and 
trouble-shooting should not be done with the 
transmHter feeding an antenna. When an an
tenna test is unavoidable, the operator should 
be sure tlrnt the frequency to be occupied is 
not being used for communication at the time. 
If an appreciable transmitter-on time is con
templated, a nonradiating load is the only con
siderate (and legal ) approach to testing. 

Once it was the usual thing to hook a lamp 
of suitable wattage across tJ1c output terminals. 
This may sti ll suffice, but it leaves much to be 
desired in most instances. Few lamps or com
binations thereof come anywhere near to being 
50-ohm loads, in the v.h.f. range, and conse
quently they may be nil but useless for any 
meaningful testing. Exceptions are some small 
pilot lamps (within thei r limited power-han
dling capabilities), and incnndescent lamps of 
around 100-watt rating. Several blue-bead pilot 
lamps in parallel may make a fair v.h.f. load, 
and some 100-watt lamps singly or in parallel 
are usable at frequencies in the v.h.f. range. 

Lamps in between tl1cse power levels are 
highly reactive, and the in1pedances iliey rep
resent vary greatly witl1 tho power being dissi
pated. Low-wattage incnnclcsccnt lamps, 15 to 
40 watts, are particularly poor. Lamps larger 
than tlie 100-watt size nearly always develop 
"hot spots" in a portion of thei r 6laments, mak
ing them unreliable as power indicators. They 
also tend to go gassy and burn out before reach
ing tl1cir normal power level. Lamps of inter
mediato wnttngo can bo improved somewhat as 
r.f. loads by connecting a variable capacitor in 
series to t1.1no out the reactance they and their 
leads represent. See Fig. ll-23A. 

Put this combination on the output of your 
s.w.r. bridge, and feed in some r.f. power. Tune 
the capacitor for lowest renected power, not 
maximum lamp brilJiancc. Readjust transmitter 
output coupling for maximum output, after the 
load is matched as \\'CIJ as you can get it. A 
maximum value of 100 pf. should serve for 50 
or 144-~lc. loads. Use 50 pf. if nothing lower 
than 144 lvlc. is to be used, and 25 pf. is enough 
for higher bands, if the combination will work 
at all. 

The resistive load, B, is much better, witl1in 
its power capabilities. Two such dummy loads 
using paralleled resistors nro shown in Fig. 11-
24. Three considerations are in1portant here: 
the resistors must be tho composition (carbon) 
type, the inductance of the lends must be kept 
to an absolute minfrm11n, nnd the power to be 
dissipated shottld be kept below the rated total 
wattage of the resistors used, except for brief 
tests. 

Fig. 11-24- Two v.h .f. dummy loads of the type shown 
schemoticolly in Fig. 11 -238. Copper fins on unit al 
ri ght a id in dissipating hoot, and disks provide low
inductonce parallel connecton . 

-



Dummy Loads; Lecher Wires 

Any number of resistors can be connected in 
parallel, so long as they are all the same wat
tage and tl1e same resistance. Six 330-ohm 
1-watt carbon resistors are paralleled by solder
ing their ends to straps of flashing copper in tl1e 
unit at the left. One strap solders to the coaxial 
fitting sleeve, and the other is narrowed down 
to fl t inside the sleeve and make contact to the 
pin. Tho portion inside the fitting is covered 
with insulating spaghetti or plastic tape, to pre
vent shorts. 

A somewhat better load, where higher dissi
pation is wanted, is seen at the right. Here disks 
of flashing copper are used, and the resistors 
mounted in a circle, to keep inductance down. 
Nine 470-ohm resistors are used in the unit pic
tured, but thirteen 680-ohrn or nineteen 1000-
ohm resistors would probably do equally well. 

These are not perfect loads, but they are 
much better than lamps. They show no greater 
than 1.2: 1 s.w.r. at 50, 144 or 220 Mc., with tho 
best match (close to 1: 1) at 50 ~le. Don't take 
the wattage ratings of the resistors too literally. 
They get warm at a dissipation of 1 watt each, 
and when they get more than just wnnn to the 
touch, the resistance vnlue may begin to 
change. This is not too much of a problem ordi
narily, as the power is usually on for only a 
fraction of a minute nt a time, just long enough 
to take a reading or make a quick adjustment. 
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The cooling Bos on the unit at the right help to 
keep the heat flowing out of the resistors, and 
it will dissipate more than 10 watts safely for 
brief periods; no more than a few seconds at a 
time. 

The load at C is the best of all. In fact, the 
principle is used in some of the best r.f. watt
meters and dummy londs made. If you've got 
100 feet of coax that is too loosy for use on an 
nntenna, don't throw it nway; it is an ideal dum
my load. Looking back to Tnble 8-111, we see 
that 100 feet of RG-58/ U (even in new condi
tion!) has a loss of 6 db. per 100 feet at 144 
Mc. This means that you can put the circular 
load of Fig. 11-24 on the end of it, feed 40 
watts into tho other end, nnd the resistors will 
just reach their rated dissipation. At 420 Mc. 
you could run 60 watt~ into the line and it 
wouldn't hurt the load. You can even short the 
end of the line, or leave it open, and it will 
make hardly any difference in tlle s.w.r. read
ing or the power-handling capability. 

A load of this kind is n good match at any 
frequency where the loss is 6 db. or more, and 
its power-handling capability is considerable, 
for short test periods. If the coax can be coiled 
loosely and subjected to n cooling air blast, it 
can be mndo to take just about any amateur 
power for short periods. 

LECHER WIRES 
Here is a measuring instrument that is almost 

as old as radio communication, but it is still a 
handy item for the v.h.f. or u.h.f. experimenter. 
The lengtl1 of an electromagnetic wave can be 
measured directly on n transmission line, by ob
serving tl1e distance between points of maxi
mum or minimum r.f. voltage. Lecher Wires arc 

a means of doing this reliably and nccurately. If 
you are accustomed to using metric scales you 
cnn read wavelength directly, the distance be
tween the voltage peaks or nodes being a half 
wavelength at the frequency being measured. 
(A meter is 39.37 inches, which as every v.h.f. 
man knows is a half wavelength at 150 Mc.) 

Fig. 11-25-Structural details of a lecher Wire system 
for measuring wavelength from the v.h.f. range up 
into the microwaves. Wood ports ore all 1 by 2-inch 
pine. Enlarged view, left, shows the sliding shorting 
assembly and its metric sco lo. 
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Construction 

The wires in the portion of the insb·ument to 
be used for mensurement must be without insu
lating material in direct contact. Provision must 
be made for holding the wires taut, and in 
uniform spacing. The shorting device must make 
flrm contact, and the distance between peaks 
(or nulls) must be measured precisely, if accu
rate measuring is to be undertaken. These ob
jectives can be met easily and inexpensively in 
numerous ways, one of which is shown iD our 
practical example, Figs. 11-25 and 26. 

The construction requires little ex-planation, 
and dimensions are not critical. The base of the 
assembly is made from two straight pieces of 1 
by 2-inch pine, fastened together in a T-shaped 
cross-section, and supported on two blocks of 
wood. The anchors for the measuring line are of 
similar material. Tho wires are held tight with 
turnbuckles at the left end, and are supported 
on insulators at the right end. 

How long you make the line depends on the 
lowest frequency you want to measure. The 
model shown is 7 feet long, which will take care 
of measurement from the 144-Mc. band up well 
into the microwave region. If you want to start 
~t the 220-Mc. band nu overall length of about 
four feet will suffice. 

A rough Lecher-Wire measurement of wave
lengt11 can be made by running a knife or 
screwdriver blade along any bare-wire trans
mission line, but if you want to measure accu
rately something like the shorting blade and 
carrier shown here must be incorporated, to give 
repeatable results. The block rides on the base 
strip, with t\vo metal side plates keeping it in 
alignment. These plates need not be metal, but 
it is convenient that way. At the right end of 
the travelling block is a notched metal short. · 
The wires are kept tight enough so that a good 
electrical <.'Ontact is made by this plate. 

The base is marked off in tenths of a meter, 
beginning at a point directly under the coupling 
end of the line. The travelling short has a trans
parent metric scale (most stationery stores have 
them) fastened to its underside, so that read
ings can be taken directly iD metric units of 
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f ig. 11-26-Close-up view of the 
coupling end of the lecher Wire os
sembly. Overall length depends an 
how low the user wishes to be able 
lo go in frequency. 

length. (Inches and feet don't enter into this at 
all.) 

Now we have to couple to the r.f. source in 
some way. The propagation factor of the cou
pling line is of no importance, so it can be Twin
Leacl or anything in the way of a balance.cl line 
that may be handy. From here on the operation 
is much like that with an absorption-type wave
meter, except that the Lecher Wires are much 
more accurate if made and used properly. 

Measuring Wavelength and Frequency 

The energy source can have any of several 
indicators: a grid current meter, plate current 
meter, r.f. voltmeter, Geld-strength meter, lamp 
load or whatever. The coupling loop of Twin
Lead, at the right end of the Lecher Wires, is 

Fig. 11-27-WlQVF demonstrates "wireless lecher 
Wires..'' 



Test Meters 

shorted at the end. This loop is placed near the 
r.f. circuit so as to couple some energy from it. 
The loosest coupling that will work is the best. 

Now, run the sliding short along the Lecher 
Wires, watching for a change in the indicator, 
whatever' it may be. ·when the change occurs, 
note the reading on the base and block scale. 
Let's say it's 0.255 meter. Now move the car
rier along until a second dip is found, and note 
the scale reading. Suppose it is 0.937. Subtract 
the first reading from the second, the answer in 
our example being 0.682 meter. This is a half 
wavelength at the frequency being measured. 
To convert this to frequency in megacycles, di
vide 150 by the wavelength just measured. Our 
answer shows that we have just missed the 220-
Mc. band, and we're on 219.9 Mc. 

"Wireless Lecher Wires" 

The principle of measuring between wave 
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peaks or troughs can be applied in countless 
ways to estimate or measure frequency. Oue 
that is used for rough checks in the microwave 
region is shown in Fig. 11-27. WlQVF demon
strates the technique with a 723A/B klystron 
oscillator, in or near the 10,000-Mc. band. 

A crystal diode, in this case a 1N34, is con
nected to a mim·omnmeter, and mounted close 
to the output probe on the klystron. A metal 
plate a few inches across is then moved toward 
or a\vay from the klystron, and the distance be
tween current peaks or nulls is measured. This 
can be done with a metric scale. If you are an 
incorrigible inches-and-feet man, measure in 
inches and then convert to megacycles by di
viding 5905 by the distance between indica
tions in inches. 

Either system can be carried to whatever ac
curacy you desire, and with a little care it can 
be as good as it needs to be for amateur pur
poses. 

OTHER TEST EQUIPMENT 

The items described in detail are specialized 
v.h.f. gear. In addition, there are many pieces 
of equipment that are useful in any amateur's 
station, regardless of the frequencies he intends 
to use. They will not be dealt with in any detaiJ 
here, because the information needed regarding 
them is availablo in many other places. We will 
confine our discussion of them to points of spe
cial concern to the v.h.f. enthusiast. 

Panel Meters. You can never have too many 
of these. Most commercial transmitters are un
der-metered, probably because good meters run 
up costs. When building gear ourselves, we will 
do well to provide for metering in every circuit 
that is likely to require adju~trnent. One simple 
way to do this is to put in feedthrough bypass 
capacitors that can serve as test points. This is 
shown in the 144-Mc. heterodyne unit, F ig. 
6-30. Generous use of tip jacks is another good 
method. This is shown in the 50- and 144-Mc. 
transmitters of Figs. 6-8 and 6-10. 

Temporary metering is usually enough for 
low-power stages, where the principal need is 
for a quick check when something goes wrong. 
But in a tetrode final amplifier it is desirable to 
have a constant check on grid current, screen 
current and plate current. These readings can 
all be made with a single meter, but doing this 
is almost like flying blind. There is no really ade
quate substitute for three good milliammeters in 
a tetrode amplifier. 

Gaut-ion, Meter movements are easily dam
aged by v.h.f. r.f. current. Be sure that meter 
leads are properly filtered and bypassed for r.f., 
as even a small amount of r.f. current may get 
into the meter coil and destroy the meter's ac
curacy, or even burn it out completely. This is 
especially likely to happen at 144 Mc. and 

higher, where conventional bypassing is ofte11 
ineffective. 

Meter styles have changed considerably in 
the past fow years, which means that one can 
pick up some good buys in the older types. 
There is no better investment. Desirable ranges 
arc 0-1 ma., for a general-purpose meter; 0-50, 
for grid or screen metering; 0-100, for low
powcr plate indication;· and 0-500 or 0-1000 for 
high-power plate current. If you intend to run a 
Class ABl linear on s.s.b. or a.m., a zero-center 
50-ma. meter is wonderful for the screen cir
cuit. Buy good meters, and don't overlook ham 
auctions; a two-dollar bid may get you a real 
bargain there, if you know your meters. 

Volt-Ohmmeter. This instrument and the vac
uum-tube voltmeter ( v.t.v.m.) are often con
fused in the newcomer's mind. The v.o.m. is a 
self-contained unit capable of measuring cur
rent and voltage, a.c. or cl.c. Usually there is a 
built-in battery and ranges for mea~•tring d.c. 
resistance. Most instruments also have decibel 
scales. Such a meter is almost a mi1st for the fel
low who is going to do any home-building or 
trouble-shooting. Here, again, get a good oue
a standard make. It is best to look for one that 
will measure up to 5000 volts d.c., rather than 
the less expensive models that usually measure 
only up to 1000 volts or less. 

Another point to watch for in the v.o.m. is the 
ohms-per-volt rating. Usually an inexpensive 
meter will be the 1000 ohms-per-volt type. This 
is good enough for d.c. measurements where 
loading of the circuit by the meter is not a criti
cal matter, but in measurements such as grid 
voltage developed by the r.f. drive in a trans
mitter amplifier stage, a high-resistance meas
uriog device is a necessity. The better v.o.rn.s are 
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20,000 ohms-per-volt, and this sensitivity is very 
desi rable. 

Vacuum-Tube Voltmeter. If you have a good 
v.o.m., you can live without the v.t.v.m., though 
this instrument enables you to make r.f. voltage 
readings that you can't get with the self-con
tained job. The v.t.v.m. usually operates from 
a.c. power, and consequently the user has the 
inconvenience of being tied to the a.c. line. It 
is fino for voltage readings, a .c. or d.c., and usu
ally the v.t.v.m. has good provision for resist
ance measurements-but it is not usable for 
reading current directly. 

Oscilloscope. Regarded as mainly a labora
tory instrument not too many years ago, the 
scope is getting to be commonplace in ham 
shacks today. And well it may be, for here is 
one of our most versatile tools, once \~e take the 
trouble to learn how to use it. U you intend to 
uso s.s.b. or a.m. linear amplifiers, the scope is a 
must. It's a big help in any voice work, and 
good for innumerable other purposes too. There 
are some good ones made especinlly for ama
teur applications. 

The scope has one wcaJ..71ess in v.h.f. work: 
it is hard to keep the r.f. where you want it, 
with the result that scope patterns arc often dis
torted, even at 50 A·fc., and at higher frequen
cies they are almost certain to be. At least one 
scope designed for in-the-line monitoring of 
amateur signals, the Heath H0-10 or SB-610, 
can be made to do the job on 50 and 144 Mc. 
Mount a coaxial T fitting on ~he back of tl1e 
scope, and run the coaxial line from the trans
mitter through this, instead of using tl1e through
line connection provided on the instrument. See 
Chapter 13 for another approach. 

Audio Oscillator. Useful for checking out 
speech amplifiers and modulators. Used with a 
scope, it may tum up some things about your 
phone equipment that will surprise you- like 
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useless frequency· responses well above the 
voice-frequency range. These are often respon
sible for tlle excessive sideband width observed 
on amateur signals, and they do nobody any
thing but hnrm. 

· Signal Generator. Helpful in receiver work, 
but expensive, Jf you pay enough to get one 
that is renlly useful. Maybe some surplus bar
gains. Look for coaxial termination and a good 
attenuator, calibrated in microvolts. You can do 
without it, but a good signal generator is nice to 
have if you can afford it. 

S.W.R. Bridge. Absolute must for everyone; 
you can't do any good work on antennas with
out one. Get tl10 power-indicating type if you 
can, but don't do without if you feel that you 
can't afford the good ones. You can make a 
Monimatch for peanuts, and the one in Fig. 11-
13 will do a good job up through the 420-Mc. 
band. Most commercial jobs won't work well 
that high in frequency. 

Dipper. Very useful, if you plan to do any 
building, other than kits. Good, even if you 
never build anything, for it can be a good aid 
in trouble-shooting. 

Sweep Generator. Crowing in amateur inter
est, though not an absolute necessity. Helps in 
aligning converter and receiver circuits for any 
desired passband-almost impossible by other 
methods. 

To summarize, whether you buy or build 
your station, don't be trapped into the all-too 
common assw11ption that equipment for talking 
and lhtening is all that is needed to make a 
good ham layout. T h.is is a t:echnfoal pursuit; to 
engage in it properly reqLLires some test equip
ment and the :ibility to use it Right from the 
very first, set aside part of your ham radio 
budget for test gear. Then use it. This is a Icam
by-doing process, and the earlier one starts, the 
better. 
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Chapter 12 

Interference Causes and Cures 
In one respect amateur radio is vastly. differ

ent from most other hobby-type activi ties: from 
its earliest days it has existed in competition with 
other services. Because we occupy frequ encies 
that arc under constant pressure from other 
users of radio, amicable and successful solution 
of our interference problems is vital to our very 
existence. 

With occupancy of the radio spectrum rising 
daily, and population density increasing almost 
everywhere, interference problems inevitably 
tend to multiply. Interference is a two-way af
fair. We both cause it and suffer from it, but 
the first is our major concern in these pages. 
Fortunately some of the steps we take to cure 

our neighbor troubles are beneficial in receiving 
situations as well. 

In handling TV! and related interference 
problems two cardinal points should be kept in 
mind: 

Interference is primarily a public-relations 
problem, not a technical one. Every form of it 
can be cured; it is getting the job done amica
bly that is difficult 

Being able to demonstrate that the trans
mitter is not at fault is not enough. The ama
teur must understand the factors involved, 
and be able to take or recommend corrective 
measures. Nobody is going to do this for us. 

THE NATURE OF TVI 
With these facts of community life estab

lished, let's look at the causes and cures of 
TVI, the v.h.f. man's major interference prob
lem. The principal forms of TYI from v.h.f. 
transmitters are listed below, in the approximate 
order of their importance: 

l ) Bfocking Every user of the 50-Mc. band 
in a Channel 2 area knows about this. Tt may 
run all the way from a light cross-hatching of 
the pictme to complete blackout. Neurly always 
the visual dfects change with tn1nsmittcr modu
lation. Usually there is audio Jntcrforonce ulong 
with the picture trouble. The v.h.f. man's worst 
interference problem, it has been responsible 
for a high percentage of all TVI complaints 
reaching FCC in recent years. It is much worse 
in Channel 2 than on higher channels. but it is 
possible on aU channels, 2 through 6, in re
ceivers near to a 50-Mc. station. Blocking of 
Channel 13 by 220-Mc. energy is similar, but 
by no means so severe. 

2) Audio Troubles R.f. pickup by the de
tector or audio circuits of a receiver (TV or 
radio) reSlllts in your voice riding through al
most regardless of the tuning of the receiver, 
or even the setting of the audio gain control. 
Picture reception may be clear. This problem 

.sow c:. 54 Mc.. 60.Mc.. 66 Mt. 72: Mc. 16 ... , . 

is not confined to TV receivers; it is common 
in all devices having audio amplifiers: hearing 
aids, p.a. systems, record players, musical in
strnment amplifiers, and so on. 

3) Image Response This basic weakness of 
all superheterodyne receivers is e:1.-plained in 
Chapter 3. As most commonly encountered in 
amateur v.h.f. circles it is responsible for recep
tion of 2-meter signals in Channel 2, in TY 
receivers having the currently-used high inter
mecl inte frequency. If an old TY set with a 
21-Me. i.f. does not show interference from your 
144-Mc. transmitter, and a newer one does, this 
is likely to be the cause. Along with it there 
will probably be some audio trouble ( 2), if you 
are using amplitude-modulated phone. 

4) Iiormo11ics of Oscillator or Exciter Fre
quencies UsualJy this shows up as a crosshatch 
pattern, independent of modulation, changing 
or disappearing when the transmitter frequency 
is shifted. Usually trouble develops only when 
the harmonic falls in a sensitive part of the TV 
channel. See Fig. 12-1 and 2. Examples of 
common combinations are the 9th harmonic of 
6-.Mc. stages and the 7th harmonic of 8-Mc. 
ones, falling in Channel 2; the 10th harmonic 
of 8 Mc. in Channel 6; 7th harmonic of 25 Mc. 

82 Mc: . 88 Mc. IOO Mc.. 108 Mc .• 

wii[~ TV Z I TV~ I TV4 I TV 5 I TV 6 I FM BROAOCA~ 
I s ~ s . ' s ' v s v s v v I ' 2nd Harmonic I 

I ot 50 Mc.-

t14 ""'· 180 M c. 186 M t. 192: M C 198 Mc.. 20~Mc. ZIO Wc. 216Nc, 2:20Mc:. 22.5 Mc. 

TV7 TVB TV 9 TV 10 ~11~ 
5 y s v s v 5 VI 5 v s v si 

I I 
"- 4 lh Hormonic of 
I 

50Mc.~ 

Fig. 12· 1- Frequencies assigned to v.h.f. television and f.m. broadcasting in the United States. The approxi· 
mate positions of the video and sound carriers are indicated on each TV channel. Crosshatched areas show 
second and fou rth harmonics of the 50·Mc. bond. Positions of the amateur 50· ond 220·Mc. bonds with respect 

· to tho TV channels are a lso indicated. 
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PICTURE 
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MEGACYCLES FROM LOW EDG E OF TV CHANNEL 
Fig. 12-2- locotions of the video and sound carriers in a block-and-white TV signal, showing 
relative severity of interference caused by harmonics falling in various ports of the 
channel. This information can be put to good use by v.h.f. amateurs in instances where 
mi ld harmonic inte rfere nce is encountered. The t rouble may be corrected, or ot least 
alleviated considerobly, by shi fti ng the operating frequency so tho! the offending hormonic 

is moved out of a sensitive frequency range. 

in Channel 7; 4th harmonic of 48 Mc. in Chan
nel 9 or 10, depending on the operating fre
quency. There are others, but these are the 
most common sources of trouble . Exciter fre
quencies may also get directly into the receiver's 
i.f. systeru, in some inst:mces. 

5) Final-Stage 1-T armon ics The 4th hannonic 
of 50 Mc. falls in Channels 11 to 13, depending 
on the operating frequency. Vnrious harmonics 
of 50, 144 and 220 Mc. fall in the u.h.f. TV 
band, though usually they are not strong enough 
to cause much trouble. The 2nd harmonic of 
50 Mc. falls in the f.m. broadcast band, and 
while this has not given us much trouble in the 
past, increasing use of f.m. could change this 
picture. 

Tbere are many other possible sources of TVI 
from the operation of amateur v.h.f. transmit
ters, but it is safe to say tJrnt at least 95 percent 
of our problems are covered by the above list. 
Items 1 and 2 are by for the most common, and 
certajnly they are the most troublesome. We 

will look into each in some detail, but first go 
back over the list and be sure that you under
stand each one. Then remember, despite all you 
may have heard, these interference problems 
can be solved. 

The frequencies assigned to television and 
f.m. broadcasting in the v.h.f. range are shown 
in Fig. 12-1, together with the harmonics of the 
50-Mc. baud that fall in this range. Prevctn tion 
of radiation in these assignments, Items 4 and 
5, i~ the amateur's responsibility. Items l., 2 
and 3 are receiver defects, which must be cor
rected at the receiver. 

It is of utmost importance tliat the amateur 
know how to recognize the nature of the inter
ference, so that he can correct the trouble if it 
lies in his transmitter, or recommend the cor
rective measmes to be taken at the receiver. 
The earlier the amateur gets into the matter the 
better, for friendly relations between him and 
the set owner are vital, if a solution is to be 
reached. 

CORRECTING TV RECEIVER DEFICIENCIES 

Fundamental blocking ( 1) is a receiver 
problem. The r.f. circuits of a TV set are 
broad in frequency response. If they were 
not, picture quali ty woLtld suffer, since the tele
vision picture and its sound occupy a channel 6 
megacycles wide. 1t is not easy to build a re
ceiver that will pass 54 to 60 Mc. and reject 
r.f. from a nearby amateur station operating on 
50 to 54 Mc. It is unlikely that TV manufac
turers will ever mass-produce receivers that do 
it effectively. 

Though blocking troubles are much more se
vere in Channel 2, if the 50-tvlc. signal is strong 
enough it may block the receiver on all low
band channels, 2 through 6. Cleni'il1g any chan
nel above 2 i s usually done qttite readily. The 
simple stub to be described later will nearly 
always handle it. Why clearing Channel 2 of 
50-Mc. interference is more difficult is obvious 
from Fig. 12-2, which shows the locations of 
tbe sound and.picture carriers in a TV channel, 
as well as the interference potentinl of any signa.I 
falling in tl1c channel. In Channel 2 tl1e picture 
carrier is at 55.25 Mc., which is just too close 

to the 50-Mc. amateur signals to make it a 
simple matter to keep the latter below the over
loading level. 

There is a related problem in connection with 
50-Mc. interference to the TV sound in Channel 
2, in receivers of the intercarrier so.und type, 
which nearly all TV sets are. With such re
ceivers a signal 4.5 Mc. below the p icture car
rier can cause severe sound interference, the 
severity depending on the selectivity and align
ment of the TV receiver's i.f. system. 55.25 Mc. 
- 4.5 Mc.= 50.75 Mc. This makes 50.75 Mc. the 
worst possible spot on which to operate in the 
50-Mc. band with a.m. phone, from the stand
point of sound interference. Proper aJjgnment of 
the TV set makes a big difference with this 
trouble, but a practical fact of life in a Channel 
2 area is that staying well away from 50.75 Mc. 
is very desirable. Any opernti.ng frequency 
above 50.4 ?vfc. makes interference very much 
more likely. 

The approximate range over which 50-Mc. 
signals are likely to overload TV receivers in 
Channel 2 was shown graphically in QST by 
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Fig. 12-3- Average overload distance for o TV receiver 
on Chan nel 2 and a n ama teur statio n between 50 and 
51 Mc. The effective radiated power is the transmitter 
output multiplied by the antenna gain (nof in decibels). 
The supersensitivity of misaligned inter-carrier-type re-

ceivers to 50.75-Mc. signals is not included. 

50-Mc. pioneer W2IDZ. Fig. 12-3 is from his 
now-classic treatment of the 50-Mc. TVI prob
lem which paved the way for today's thousands 
of 50-Mc. enthusiasts who now manage to live 
with Channel 2.1 This is a matter of effective 
radiated power. U your transmitter puts out 100 
watts, and your antenna has a gain of 10 db. 
( 10 times) your e .r.p. is 1000 watts. If the 
antenna's main lobe fires into the TV antennas 
your sphere of evil influence will be roughly 
400 feet in radius. 

You can cut this in several ways without 
'touching a TV installation. Haising the 50-Mc. 
antenna to the point where its main lobe of 
radiation is well above tl1e TV receivers and 
antennas can knock the e.r.p. down by 20 db. 
or more. This would mean using 10 watts in
stead of 1000 at the left side of Fig. 12-3. The 
net effect of a 20-db. reduction in signal level 
at the TV antenna is a reduction in interference 
radius by roughly a factor of 10 in distance. 
This could make a very large difference in a 
built-up residential area. Blocking interference 
has a sort of threshold; raising the antenna may 
put you on the safe side of it. 

\>Vhere the receivers and antennas are close 
to the transmitter the latter should be well
shielded and the transmission line nonradiating, 
if the high amateur antenna is to pay off to 
the greatest extent. This is particularly impor
tant in the 'muiti-family dwelling. The indoor 
dipole (often the timid soul's last resort) may 
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be the worst possible approach in such circum
stances. 

Getting the radiated power well above the 
TV sets also helps the elFectiveness of any cor
rective measures used on the receivers. A high
pass filter installed on the receiver may be 
relatively ineffective if there is a strong r.f. 
field around the receiver itself. Complete shield
ing of the receiver, a di/Rcult and seldom-taken 
step, may then be the only interference cure. 

Though what has been said thus for is mainly 
concerned witl1 50-Mc. blocking-type interfer
ence, tJ1e principles apply equally to image and 
audio problems, regardless of the amateur trans
mitting frequency. 

Using Stubs and Traps 

If the fundam ental iuterference is nilld and 
the TV signals nre strong, a simple quarter-wave 
stub of Twin-Lead cut to the transmHter fre
quency and connected to the TV receiver an
tenna terminals wiJI take care of it. Tl1e stub 
is a good llrst step in any case, as it costs almost 
nothing, is easy to try, and ordinarily has little 
or no effect on TV reception. Such a stub is an 
electrical quarter-wave-length at the transmitter 
frequency, open at the far end. lf it is fitted 
with open-end lugs at the otJ1er end it can be 
slipped under the receiver antenna terminals 
readily. 

x . 
Start with a piece a bit more than 0.824 m 

length, about 50 inches · for 50 Mc. or l 7Jf for 
144. Connect the stub at the antenna terminals, 
and trim it for length while watching the inter
ference. When the interference level drops trim 
in small increments until interference disappears. 
The stub should have a negligible elfect on the 
TV reception where a reasonably strong TV 
signal is available, and it will be effective for 
any but the worst cases of interference. 

Another type of stub, this one tunable and 
requiring no electrical connection to the TV set, 
is shown in Fig. 12-4. It is a double stub, con
nected sandwich-fashion e ither side of the line 
to the TV receiver, and tuned for resonance 
at the transmitting frequency. It is thus a tuned 
trap, coupled to the line of the recei.ver. It is 
somewhnt more effective than tl1e self-resonant 
stub just described, and it may have less effect 
on the TV rect:ption. )t is convenien t ;~~ make 
one up on a section of line tl1at can ·~l:ie con
nected between the receiver antenna terminal 
board and the line to the TV antenna. The 
setup can be pretuned to the transmitter fre
quency, and thus be readi, for a quick test. 

The stub is shnrter tllci'n the self-resonant 
type, to allow for the capacitive loading. About 
38 to 40 inches is suitable for 50 Mc., and 10 
to 11 inches for 144. A worthwhile refmement 
for a stub that will be used for test purposes 
is substit\ltion of a split-stator variable capacitor 
for the mica trimmer shown. This allows adjust
ment of stub resonance without introducing 



296 INTERFERENCE CAUSES AND CURES 
3-30µµf. -A-·1 Fig. 12·4-Sandwich·type trap far 

ln$tallation in the 300-ohm line 
lo the TV receiver. Approximate 
lengths (dimension A) a re 40 
inches for 50 Mc. and 11 for 144. 
Two fraps ore in parallel, one on 

~ Parallel open ends 
ond connec t to one 
terminal of condenser. 
Some on other side. 

Put sections flat ogoinsl 
30 0-ohm line from ant. 
ond tap e ln pla ce. 

hand-capacity effects, and interference can be 
nulled out much more effectively. Once it is 
determined that this ty1Je of stub does the job, 
an inexpensive trinlmer like that shown can be 
put on. It will work just as well, but is harder 
to tune accurately. 

Traps tuned to the transmitter frequency can 
be inserted in the receiver line. Often a single 
trap in one side of the line will do the tr ick, or 
one can he connected in each leg. These can 
be resonated' with the aid of a grid-dip meter 
to the transmitting frequency. For highest selec
tivity use the smallest amount of inductance 
that will tune to the transmitting frequency, with 
the capacitor available. Typical tuned circuits 
in v.h.f. equipment in this manual can serve 
as modek 

In this discussion tl1e accent has been on 
50-Mc. applications but the principles apply to 
any v.h.f. problem where the interference is 
coming in on the antenna or transmission lli1e to 
the receiver. Direct pickup of r.f. by the re
ceiver, or by its a.c. line, will not be affected 
by stubs, traps or ftlters at the antenna termi
nals. All these devices are more effective if 
colll1ected right where the antelllla line enters 
the receiver chassis, rather than at the terminal 
board on the back of the cabinet, if there is an 
unshielded n m of Twin-Lead from the terminal 
board to the tuner input of any appreciable 
length. 

It is well to have any treatment ready for 
quick application, and to have the actual work 
done by the owner's serviceman, or by the 
local TVI Committee representative. Even 
when the neighbor is friendly he may be a 
little nervous about your working on the re
ceiver. The quicker and more effectively the 
job is (lone, the better. 

If you have a ftrnctioning TVI Committee, 
they probably already have a demonstration 
filter for this purpose. If none js available, you 
are not required to supply it. The set owner 
should be encouraged to take up the matter 

(A) 

Shor I 
theu en<h each $lde of the TV line. 

with the dealer from whom the set was pur
chased, as many manufacturers make provision 
for supplying filters where needed. 

Correcting Audio Troubles 

The stub is effective mainly in connection 
with blocking of the receiver by the transmit
ter's fundamental frequency (Item 1), and spu
rious receiver responses such as Item 3. It may 
help on audio troubles (Item 2) but these are 
more likely the result of direct pickup of r.f. 
by the receiver audio circuits. Filtering tl1e an
tenna input of the TV set will probably do 
Uttle good; some work on the receiver audio 
circuits is called for. 

First it must be detem1ined where the r.f. 
is getting into the set. The audio gain control 
can provide some clues. If adjusting it has no 
effect on the level of the interference (and this 
i~ usually the case) the pickup point is after 
the control in the circuit. Usually the first audio 
grid is the offender, in both radio and TV re
ceivers, and the cure is simple : bypass or filter 
the interference out. 

This can be done in several ways, some of 
which are shown in Fig. 12-5. If the audio grid 
resistor, R1 in A, is a high value, reduce it to 2 
megohms or less, and bypass the grid pin right 
at the socket witli a vaJue that \vill be large 
enough for r.f. bypassing witl10ut affecting the 
audio quali ty. Something around 500 pf. in a 
button-mica or ceramic stand-off or feed
through type is recommended. Disk ceramics 
are likely to be useless. The principle of series
resonant bypassing is good, though it will work 
for one band only. See Chapter 13. 

The r.f. can be kept out with a resistor, R2 
in B, or an r.f. choke, RFC 1 in C. T he resistor 
is tbe better, if it will work, as it is not fre
quency conscious. The Junction of C1 is the 
same in D as in A. Where an isolating choke 
or resistor is used it should be right at the grid 
pin. Hemove all the nnrmal connections, and 

( 8 ) (C) 

Fig. 12·5- Trcotment of audio stages for pickup of r.f. energy. Copocilor Cv resi$IOr R" or r.f. choke 
RFC, should be connected right ot the g rid terminal. All circuits normally connected to the grid should be 

connected lo th e left side of these filte ring devices. 
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reconnect them at the left end of the choke or 
resistor. 

Decoupling of the heater circuits of the audio 
stages may be necessary, though this is unlikely. 
Series-resonant bypassing or ferrite-bead chokes 
are fine for heater decoupling, if needed. 

Shielding long audio grid leads may be nec
essary, particularly where the gain control is 
mounted at some point remote from the ampli
fier stages. In this connection, some manufac
turers are using a wire having conductive plastic 

-shielding for audio grid leads. This may be in
effective at high radio frequ encies. 

Increasing use of transistors in audio circuits 
may call for different methods. Isolation pro
cedures used for tube circuits should work, but 
shielding the complete amplifier may be easier 
in some instances, since the physical size may 
be smaller and the heat problems less, or non
c;•dstent. 

Clearing up audio problems is simple in prin
ciple, but the set-owner may not take kindly 
to the amateur's digging into his equipment. If 
there is any doubt, the wise approach is to give 
the owner's serviceman the necessary informa
tion, and have h im do the job. Servicemen who 
are not amateurs may have little knowledge 
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of the problem, so you may have to use diplo
macy in two directions. Thus it is doubly im
portant that you know precisely what .you are 
talking about, in recommending corrective 
measures. 

Pickup by the receiver's ri.c. line may be fl 

factor, thon):(h not too often in v.11.f. work. R.f. 
filtering of the a.c. 1.ine where it enters tho re
ceiver is the answer here. Heavy-wire chokes 
(No. 18 or so) and good r.f. bypassing are the 
treatments. Filters on the plug end of the a.c. 
cord, where it plugs into a wall outlet are rilmost 
never of any value. 

There is one practically certain cure for all 
andio-rectiflcntion problems: give up operating 
with amplitude-modulated phone. Where peo
ple l.ive close to each other, and especially in 
apartment houses so common in our larger cities, 
use of a.m. on the v.h.f. bands is an invitation 
to trouble. You can't fix 20 to 50 or more broad
cast receivers, TV sets, record players and hear
ing aids, and your a.m. audience can easily run 
this high or higher. Going over to f.m. or c.w. 
is easy, and it works wonders. Tt has made ham 
radio possible for many city dwellers, and it 
could solve neighbor problems for thousands 
more. 

KEEPING HARMONICS AT HOME 

So far we've been concerned mainly with 
troubles that arise as a result of receiver de
ficiencies. With v.h.f. TVI, at least, they are in 
the vast majority. The possibility that the trans
mitter may be at fault should not be overlooked, 
however, and every possible check should be 
made on tl1is before operating el\t ensively in :'Ill 

area where there are T V sets nearby. The im
portance of doing this before the TVI com
plaints begin to roll in cannot be over-empha
sized. If you have demonstrated to your own 
complete satisfaction that your transmitter is 
"clean," you can face your neighbors with con
fidence and good humor. These personal attrib
utes are of inestimable value, for this TV! busi
ness, remember, is a public-relations problem. 

Checking for Harmonics 

The first order of business is to be sure that 
all available channels can be received clearly 
on your own TV receiver. If there is inter
ference from your transmitter in any of them, 
don't wait for the angry phone calls. Find the 
trouble, and .6..x it- right now! If the various 
treatments already outlined do not clear up the 
interference, find out why, at once. Just because 
you have a 500-dollar superwhatsis transmitter 
does not guarantee that it is free of the troubles 
described in Items 4 and 5. Running it indis
criminately on the air can only bring down the 
righteous anger of the neighborhood around 
you. By then you may have lost the war, but 

-

the fi ghting will drag on and on. 
If your own TV receiver does not respond 

to treatment for fundam ental-frequency and 
audio-rectiGcation ills, Items 1, 2 and 3, you've 
got harmonic problems. The first step is to find 
out where the offending harmonic energy is 
coming from. Put a non-radiating dummy load 
on the transmitter, and check agaill. Use a i;:ood 
load (see Chapter 11), preferably shielded. 
There are some good ones available ready-made 
and in kit form, if you don't want to make one 
from scratch. Do not use a lamp load; it can 
radiate plenty of energy to cause interference. 

If there is no interference with tl1e dummy 
load on, the hannonic racliaUon is from the an
tenna, and your problems arc well on tl1e way 
to solution. There are several simple and practi
cal corrective measures. One of the best is a 
tuned antenna coupler, particularJy if your an
tenna is fed with balanced line of any ldnd. 
Details in Chapter 8. Also very worthwhile is 
a high-Q coaxial or strip-line filter. More on 
these later in this chapter, and in QST.2 

A low-pass filter connected in your antenna 
line is good harmonic radiation insurance, but 
such niters :ire rather difficult to make and rid
just properly. You can buy them ready-mricle, 
:rnd there have been good 50-Mc. designs in 
every edition of the ARRL Handbook for many 
years. There is 1.ittle point in repeating such 
information here, when it is so widely available 
already.3 
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~· '· 
Fig. 12-6-Method for bypassing the end of a shielded 
power lead. leads to the 0~01-uf. disk capacitor should 
be soldered os close C\oi. p~ssible to the capacitor body. 
Shield over the wire should be grounded lo the chassis 
at frequent intervals. This method is suitable for hor· 

monies only up lo about 100 Mc. 

Both the antenna coupler and the high-Q 
61ter have an important advantage over the low
pass filter: they protect the receiver more ef
fectively, preventing overloading from strong 
signals below the amateur band in use, as well 
as above it. They might be quite helpful jf 
you have a near neighbor who runs hi.gh power 
on the fower-frequency ham bands, or on some 
higher one. 

Harmonic Sniffing 

Ham10nics that get out by way of the an
tenna disappear when the dummy load test is 
made. If the interference persists you have work 
to be done on the transmitter or its power cir
cuits. Some kind of harmonic "sniffer" is now 
required. The simple field-strength indicator of 
Fig. 11-7 may be enough. It will cover TV 
Channels 2 through 6 as it stands. A smaJJer 
coil for L2 wiJJ permit it to tune up through 
Channel 13, if need be. Plug a stiff wire or rod 
into J.1 for a pickup antenna. 

With the transmitter running into a dummy 
load, place the pickup antenna close to tlie a.c. 
leads, power cable, any unshielded tubes or 
circuits, exposed meters, variable capacitor 
shafts, or any other part. of the transmitter that 
could be radiating harmonic energy. If you find 
some you have a shielding or filtering job ahead; 
perhaps both. 

Another effective harmonic radiation detector 
is the TV set itself. Cut a piece of Twin-Lead 
long enough to reach from the TV set to any 
part of the transmitter you want to check. Con
nect one end to the receiver antenna terminals. 
Short the other end to make a coupling loop. 
Tape bare wires so that there will be no shorting 
of high voltage into the TV set. Now use the 

Twin-Lead as a probe, . coupling it to any sus
pected part, wire or circuit. If there is harmonic · 
energy present the interference level will in
crease markedly as the probe is placed near the 
guilty component. 

We used to build in ,cpmplete harmonic pro
tection into every tra115rhitter. Experience has 
shown that so much TVI ts the result of receiver 
deficiencies that we no longer do this. The 
chances are that any reasonably well-designed 
v.h.f. transmitter wiJI be practically TVI-free, 
and that the receivers will be the culprits-but 
you cannot rely on it. If your own TV set sl1ows 
evidence of harmonic interference, particularly 
with the transmitter on a dummy load, the 
chances are good that some of your neighbors 
will see the same evidence, unless it is visible 
in your own receiver only when in very close 
proximity to the transmitter. 

Harmonic Suppression 

Curing TVI is not a black-magic operation, 
whether it is the fault of the receivers or your 
transmitter. All transmitters generate harmonics. 
Yours is a veri table Pandora's Box fu]] of them; 
you just have to keep the lid down-tight. 
Shielding is relatively easy. Most transmitters 
already have it, but adding it is no great chore. 
Just be sure that the shielding completely en
closes every part of the r.f. portion of the rig. 
Then, if the harmonics still come out, you can 
fin d the leaks and stop them. Here are the 
common leaky spots: 

Power Cabling Even with complete shielding, 
leads coming out of the r.f. portion of a transmit
ter are likely to have harmonic r.f. on them. 
Getting rid of it is no great problem. Shielded 
wm ng in the transmitter is good insurance. 
Where the lead comes out of the transmitter 

Fig. 12-7- Most effective filtering for harmonics up 
through the high TV cha nnels is accomplished by use 
of the method shown in Fig. 12·6, plus on r.f. choke 
and feed-through capacitor, RFC and C0, for bringing 
power leads out of the chassis of a v.h.f. transmitter. 
C,- 0.001 ·uf. ceramic disk (see Fig. 12-6). 
c ,-500·pf. or 0.001-uf. feed-through capacitor. 
RFC- 14 inches No. 26 enom., closewound an high
value 1-wott resistor or 3 / 16-inch form. 



Harmonic Suppression 

housing it should be filtered. The' simple device 
of Fig. 12-6 will take care of harmonics and 
other spurious radiations in all the low TV chan
nels, 2 through 6. Ground the shield on the 
wire at intervals inside the rig, and at the point 
where it leaves tbe enclosure. 

If exciter or final-stage harmonics, such as 
4 X 48 or 4 X 50, are radia ted by power leads, 
the 12-6 method may not work, since disk cer
amics are ineffective above about 100 Mc. 
Bringing out leads on feed-through capacitors 
is much better. See Fig. 12-7. 

Chassis Leaks Harmonics, especially ~lose in 
the upper v.h.f. and u.h.f. TV bands, can leak 
out of strange places. One exciter for 50 and 
144 Mc. built by the author showed harmonic 
interference in Channels 10 through 13. This 
got no worse when the exciter drove a kilowatt 
amplifier. Some harmonic energy was found on 
the power leads. Decoupling as shown in Fig. 
12-7 helped, but there was a faint pa ttern left. 

Using a TV set for the visual indicator, it was 
found that the metal rings on the exciter tuning 
knobs were hot with harmonic energy. The re
ceiver blacked out when the Twin-Lead probe 
was brought near to them. The variable capaci
tors tuning the exciter stages were the type 
having small rectangular studs for mounting, 
providing no way of grounding the rotors di
rectly to the panel. Substituting variable capaci
tors having threaded bushings on the rotor 
shafts, permitting direct grounding to the panel 
or chassis cleared this trouble completely. 

Long cracks in a chassis, or between the chas
sis and its cover plate, can act like slot racli
ators for harmonics. This is why transmitter 
shielding is fastened with so many screws. 

Harmonic Generators 

A transmitter with perfectly clean output can 
still have harmonic troubles, for harmonics can 
be generated in strong r.f. fields. Crystal diodes 
can do it. Look out for them, wherever they 
may be. Check for corroded connections in the 
antenna system, in your own array, or in the 
TV antenna. Watch for poor metal-to-metal con
tacts not directly connected to either your an
tenna system or that on the TV set being inter
fered witl1. This condition is found fairly often 
on apartment house roofs, where the Utter from 
years of erection and decay of TV antennas may 
be strewn, and metal oxides are turned into har
monic generators by the impact of appreciable 
amounts of transmitter r.f. pawer. Try for ship
shape installation of the amateur antenna, and 
for antenna height that puts the main lobe of 
radiation completely above the TV antennas and 
rooftops. 
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Designing Around Harmonic Problems 

Where radiation of harmonics of oscillator or 
exciter frequencies is causing trouble in the high 
v.h.f. TV chaDDels, as in the 4th harmonic of 
tripler stages working from 48 to 144 Mc., it is 
often possible to use a different frequency multi
plying sequence and avoid the problem. Thi~ is 
not an ideal cure, since radiation on anything 
but the wanted frequency should be held to the 
practical minjmum, but it can be an easy solution 
to a local problem. There is nothing sacred about 
common frequency multiplying practices, and 
many 2-mcter men in Channel 10 areas have 
found relief by changing the order of frequency 
multiplication from 8-24-48-144 to 8-24-72-144. 
There can sti.11 be energy in CJ1annel 10 (8th 
harmonic of 24 Mc. ) but it is al.most certain to 
be far lower than when the 48-144 sequence is 
used. 

Another example of taking tl1e easy way out is 
the elimination of the 10th harmonic of 8.4 Mc. 
in Channel 6 in 50-Mc. transmitters by going to 
6.3 i\'1c. or 12.6 Mc. in the oscillator stage. 
Again, this is not the best solution, but it may be 
a practical one in some circumstances. The right 
way to do the job is to :fix the,.'installation, so that 
the offending harmonics are not allowed to get 
through to the transmitting antenna, or to thH 
TV receiver. 

A sure cure for most of these troubles is a 
high starting frequency in the exciter. With a 
72-Mc. oscillator in a 2-metcr rig there is no 
chanc<~ of a harmonic in Channel 10. (A 48-Mc. 
oscillator would be no help.) In a 50-Mc. trans
mitter many of the troubles can be cleared by 
~tarting with a 50-Mc. oscillator. It should be 
emphasized tllat this does nothing for the funda
mental-overload problem in the low TV chan
nels, however, and most: 50-Mc. TVI is of this 
nature. The 50-Mc. oscillator· also does not pre
vent radiation of a 4th harmonic in Channel 11, 
12 or 13. This must be suppressed by techniques 
discussed a few paragraphs back. 

Antenna-Mounted TV Boosters 

Antenna-mounted boosters using bipolar tran
sistors, currently popular in TV fringe areas, 
overload very readily, adding greatly to the 
v.h.f. man's interference problems. This is espec
ially troublesome, · as it results from the viewer 
having purchased a.n e:>.'Pensive antenna system, 
usually when a color TV receiver is installed. 
Conversion to field-effect transistors, raising tlle 
amateur v.h.f. antenna, and installation of a stub 
on the booster input are known cures. This prob
lem, currently one of the most difficult en
countered by v.h.f. men, is likely to be \vith us 
for some time. 

COAXIAL AND STRIP-LINE FILTERS 

If harmonics or other spurious frequencies 
appear in the output of an amateur v.h.f. trans
mitter they can be kept out of the antenna by 

-
a high-Q tuned circuit inserted in the line be
tween tl1e transmitter and antenna. Such a 
"filter" will pass only a very narrow band of 
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frequencies, offering a substantially impassible 
barrier to all others. The tuned filter cnn be 
helpful in receiving ns well, since it will reject 
energy on frequencies other than the desired 
ones, and thus prevent overloading from oul
of-band signals. 

Antenna couplers described in Chapter 8 
(Figs. 8-23 and 8-24) perform this function, but 
higher rejection of unwanted frequencies is pos
sible with the tuned-line £iltcrs of Fig. 12-8. 
Examples are shown for each band from 50 
through 450 Mc. Construction is relatively sim
ple, and the cost is low. Standard boxes arc 
used, for ease of duplication. Coaxial filters, also 
using low-cost components, may be found in 
QST for October, 1964.2 

Quality of the flltcr clements is important for 
best results. Use large conductors and the best 
possible connections, particulru:ly in high-cur
rent areas. Copper or brass, preferably silvcr
plated, is fine. Aluminum is satsifoctory, and 
even fruit juice cans can be used, if all 

fig. 12-9-lnterior of tho 50· 
Mc. strip-line filter. Inne r con
dudor of oluminum strip is 
bent into U shope, to fit in 
side a standard 17-inch 
cha1Sis. Coupling is by l
shoped loops about ~ inch 
above and below tho tuned 

line, lower right. 

Fig. 12-8-High·Q strip-line filters for 
50 Mc. (top), 220, 144 and 420 Mc. 
Those for the two highest bands have 
half.wove line circuih. All use stand-

ard cho1Sis. 

metal-to-metal contacts are clean 
and solid. Insulation should be kept 
to a minimum, especially at or near 
the high-impedance end of the line. 
A movable-disk capacitor, requiring 
no supporting frame or insulating 
material, is good for line tuning. If 
conventional variable capacitors are 
unavoidable, use types with high
quality insulation, and preferably no 
metal frame other than the mini
mum needed to support the plates. 
The type with threaded shaft bear
ing, permitting direct grounding of 
the rotor, is preferable. 

The filter is not a magical device. 
To get high selectivity and rejection 

of unwanted frequencies it sbou]d not be loaded 
too heavily. A properly-adjusted filter will have 
some insertion loss, and its tuning will be critical. 
If the rejection need not be extremely high the 
coupling into and out of the filter can be adjusted 
to broaden response and reduce insertion loss. 
Two filters can be used in series, for very high 
rejection of unwanted frequencies. What you 
want to do with a filter detem1incs how you 
adjust tmd operate it. 

A typical use for a coaxial or strip-line filter 
is to prevent radiation of unwanted harmonics 
of the exciter frequencies in a 50-Mc. transmit
ter. The filter of Fig. 12-9 is selective enough 
to pass 50-Mc. energy and attenuate the 7th 
harmonic of an 8-Mc. oscillator, that falls in 
TV Channel 2 . With an insertiOL1 loss a t 50 Mc. 
of about 1 db., it can provide up to 40 db. of 
attenuation to energy at 57 Mc. in the same 
line. This should be more than enough attenua
tion to take care of the worst situations, pro
vided that the radiation is by way of the trans-



Strip-Line Filters 

mitter output coax only. The filter will not 
eliminate interfering energy that gets out from 
power cables, the a.c. line, or from the trans
mitter circuits themselves. It also will do nothing 
for TYi that results from deficiencies in the TV 
receiver, such as the various problems wo have 
already discussed. 

Building the Filters 

Tho 50-Mc. filter, Fig. 12-9, uses a folded 
line, in order to keep it within tJ1e confines of 
a standard chassis. The case is a 6 by 17 by 
3-inch ch;issis (Bud AC-433) with a cover plate 
thnt fastens in place with self-tapping screws. 
An aluminum partition down the middle of the 
assembly is 14 inches long, and the foll height 
of the chassis, 3 inches. Construction should be 
clear from the photograph. 

The inner conductor of the line is 32 inches 
long and l:Xa inch wide, of ~G-inch brass, copper 
or aluminum. In the model shown this was made 
from two pieces of aluminum spliced together 
to provide the 32-inch length. Splicing (visible 
at the left end of the U-shapccl inner conduc
tor) seemed to have no ill effect on the circuit 
Q. The side of the "U" are 2ilo inches apart, 
with the partition at the center. The line is 
supported on ceramic standoffs. As may be seen 
from Fig. 12-9, these were shimmed up with 
sections of hard wood or bakelite rod, to give 
the required l.Jf..inch height. 

The tuning capacitor is a double-spaced vari
able ( Hnmrnarlund HF-30-X) mounted rn 
inches from the right end of the chassis. Input 
and output coupling loops, visible on each side 
of the line, lower right of Fig. 12-9, arc of 
No. 10 or 12 wire, 10 inches long. Spacing 
awny from the line is adjusted to about Jl inch. 

Fig. 12-11-A half-wave strip 
li no is usod In the 220-Mc. 
filtor. It is grounded al both 
ends and tuned al the canter. 
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Fig. 12-10- The 144-Mc. filter 
has an inner conductor of ~ 
inch copper tubing, grounded 
lo tho left e nd of the case 
ond supported at the right 
end by the tuning capacitor. 

This may be increased for higher rejection, but 
this will result in increased insertion 'loss. The 
position of the input and output coaxial con
nectors is shown in Fig. 12-8. 

The 144-Mc. model, second from the bottom 
in Fig. 12-8, is housed in a 2J!o by 2l~ by 12-inch 
Minibox (Bud CU-2114-A). The inner conduc
tor (see Fig. 12-10) is "-inch copper tubing 
10 inches long. One end is slotted ll inch deep 
with a hacksaw. This slot tnkes a brass angle 
bracket rn inches wide, Jl iJ1ch high, with n 
JO-inch mounting lip. The Jl-inch lip is soldered 
into the tubing slot, and the bracket is then 
bolted to the end of the box, so as to be cen
tered on the end plate. 

The tuning capacitor (Hammarlund HF-15-
X ) is mounted rn inches from the other end of 
the box, in such a position that the inner con
ductor can he solclercd to the two stator bars, 
as seen in F ig. 12-10. 

The two coaxial fittings (S0-239) are 1~6 inch 
in from each side of the box, 31' inches from 
the left end. Tho coupling loops are No. 12 
wire, bent so that each is parallel to the center 
line of the inner conductor, and about l~ inch 
from its surface. Their cold ends are soldered 
to the brass mounting bracket. 

The 220-Mc. filter uses the same size box as 
the 144-Mc. model just described, but the cir
cuit is a half-wave line, grounded to eacl1 end 
of the box and tuned at the center. The inner 
conductor is :iiio-incb brass or copper, % inch 
wide, just long enough to fold over at each end 
for bolting to the box. It is positioned so that 
there will be ~ inch clearance between it and the 
rotor plates of the tuning capacitor. The latter 
is a Hammarlund HF-15-X, mounted slig11t)y 
off-center in the box, so that its stator plates 
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connect to the exact midpoint of the line. The 
o/ia-inch mounting hold in the case is 5" inches 
from one end. Two small holes drilled in the 
inner conductor allow it to slip over the stator 
posts, for soldering in place. 

The links for input and output couplfog are 
at opposite ends of the box, as seen in Fig. 
12-11. The S0-239 coaxial fittings are l inch 
in from opposite sides of the box, 2 inches from 
the ends. Their coupling links are No. 14 wire, 
,. inch from the inner conductor of the line. 

The 420-Mc. fil ter is similar in design, using 
a u; by 2 by 10-inch Minibox ( Bud CU-2113-
A ). A half-wave liM is used, with clisk tuning 
at the center. The disks are Yio-inch brass, lJ.1-
inch d iameter. The fixed one is centered on the 
inner conductor, the other mounted on a No. 6 
brass lead-screw. This passes through a threaded 
bushing, which can be taken from the end of 
a d iscarded slug-tuned form. An advantage of 
these is that some kind of tension device is 
usually included. If there is none, a lock nut 
can be used. 

Type N coaxial connectors were used on tJ1e 
420-Mc. model. They are % inch in from each 
side of the box, and 1% inches in from the 
ends. Their coupling links of No. 14 wire Yio 
inch from tJ1e inner conductor are visible in 
Fig. 12-12. 

Adjustment and Use 

If you want the filter to work on both trans
mitting and receiving, connect up your system 
as shown in Fig. 12-13. vVith tl1is arrangement 
you need merely adjust the filter for minimum 
reAectcd power reading on the s.w.r. bridge. 
This should be zero, or close to it, if the antenna 
is well-matched. The bridge shouJd be used, 
as there is no way to adjust the filter properly 

Fig. 12-12-Construction of 
the 420-Mc. filter is similor 
to the 220·Mc. one, except 
thot it is shorter, ond a disk· 
type tuning capacitor is used. 

without it. If you insist on trying, adjust for 
best reception of signals on frequencies close 
to the ones you expect to transmit on. This 
works reasonably well only if the antenna is 
well matched. 

When the filter is properly adjusted 
(with the s.w.r. bridge ) you may find that 
receptfon can be improved by retuning the 
6Jter. Don't do it, if you want the filter to work 
best on the job it was intended to do: the rejec
tion of unwanted energy, transmitting or ·re
ceiving. If you want to improve rece1)tion with 
the filter in the circuit, work on the receiver 
input circui t. To get maximum power out of the 
transmitter and into the line, adjust the trans
mitter output coupling, not the fllter. If the 
effect of the filter on reception bothers you, 
connect it in ilie line to the transmitter only. 

Don't expect the Siter, or any oilier device 
you can connect onto your station, to be a TVI 
cure-all. There is no such magic box available, 
at any price. Curing TVI calls for some under
standing of what goes on in transmitters, an
tennas and TV receivers. There is no easy way 
out, but by the same token, tJ10re is no com
pletely hopeless situation. Every form of TVI 
can be cured. 

fig . l 2· 13- Preferred method of connecting a tuned 
filter in the antenna line of o v.h.f. station mak"' the 
selectivity of the filter a vaila ble for both tronsmitting 

and receiving. 
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Most v.h.f. enthusiasts are experimenters at 
heart. Their first projects when they are bitten 
by the v.h.f. bug may be ki ts or duplicates of 
QST or Handbook items, but soon the urge de
velops to custom design and build v.h.f. gear. 
This can take the form of sh1dying published 
constructional articles for ideas, nnd then adapt
ing them to one's own needs. We like to think 
that much of the material in this book will be 
used in this way. Eventually, with accumulated 
knowledge and ex'})ericncc, most v.h.f. men get 
to the point of designing for their own require
ments, rather than merely duplicating to the last 
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nut and bolt what someone else has already 
worked out. 

This las t sect·ion of our book is for these ama
teurs. It will be something of a hodge-podge of 
ideas and techniques that might have been 
worked into other chapters, but which more 
logically fall into the "Hints and Kinks" cate
gory. The QST section under that title has b een 
a most-read feature for generations. \Ve hope 
that our version of it will find equal acceptance. 
Our thnnks go to the scores of v.h.f. men who 
supplied the items you wiH find hero and else
where throughout this manual. 

IMPARTING THE " COMMERCIAL LOOK" 

Well-built ham gear of good design usually 
works at leas t as well as equipment purchased 
ready-made, but it seldom looks the part. Even 
the simplest equipment can be ~ivcn a quality 
look, ii: the builder will devote n little time and 
thought to appearance of the finnl product of 
his building efforts. Expensive cnbinets arc not 
necessary; even simple chassis-mounted units 
having no front panel or cabinet, in the usual 
sense, can be made neat and nttractivc in ap
penr:ince with the u se of a little paint, decals, 
and care in layout. 

Painting 

Every hardware store todny cnrries aerosol
sprny enamels, in a wide vnricly of colors . 
Black, grey and white nre favored for ham gear, 
but other colors have their use.~. Matching or 
contrnsling colors can give mnny 11ice effects, 
especially for mobile equ.ipmont. Examples of 
home-sprayed units in this book include the 
superregencrntive receivers in Chapter 4 and 
tho 2-meter transceiver of Chaplcr 7, built by 
WlCER, who contributed the following sug-

. gestions. 
The best paint job is usually possible if the 

metal parts are drilled, ready for assembly, but 
tho equipment is not actually put together. This 
is practical on all but the most experimental 
items, nnd even these can usually be rebuilt in 
llnished form, once the bugs arc taken care of. 
Clean the metal with fine steel wool, to remove 
rough spots an<l dirt. \Vith new aluminum this 
treatment is desirable to remove the high gloss, 
making a better base for paint. For exceptional 
du.rability, spray a first coat of zinc chromate, 
an undercoating finish al~o available in spray 
cans. 

After the nib-down, clean with a grease sol
vent. Avoid touching the metal with the bare 

hands, as skin oi ls and acids can cause blem
ishes in the finished work. Prop the work up 
with a large area of newspaper or other protec
tive covering under it. Spray paints dry quickly 
so dus t is no problem, but select a p)aco that is 
well-ventilated and clean. 

If you've not used aerosol sprays before it 
may be well to practice a bit with some metal 
scraps. Rend the directions; don' t assume that 
you know how to handle these sprays. The mnn
ufach1rcr probably knows more than you do, 
and he wants your results to be good. 

Shake the can thoroughly. Keeping the noz
zle at least 12 inches from the work, spray with 
a sweeping motion, using just enough to cover. 
l\lfore will smely cause runs of paint, destroying 
tl1e appearance. Allow several minutes for com
plete drying, and spray again, evenly and light
ly. Now put the work aside for at least 24 hours. 
This allows the paint to age, and grently lessens 
tl1e chance of damage in handling. 

Two-tone finishes can be made neatly by 
masking off any area that is to be painted a dif
feren t color, or, in t11e case of aluminum, left 
its natural finish. Wherever metal is to be nah1-
ral in color, a coating of clear lacquer will keep 
it loof..ing its best much longer than if it is left 
uncoated. Large areas can be masked off with 
newspaper, witl1 masking tape only at the 
edges. Press tl1e tnpc flrmly along the paint 
boundary desired, to prevent seepage under the 
edge oi: the tape. Keep the tape on until the 
paint has dried thoroughly. 

After using spray paint, tum the can upside 
down and press the nozzle for a few seconds 
to clean out the spray jet. This simple precau
t:ion, often ignored though it is included in tl1c 
directions, will make the next job much simpler 
than if it is omitted. 

When using two different colors on a surface 

303 

-



304 

be sure that they are compatible. Test them in 
ndvance; some dillercnt paint bases may react 
on one another. 

Old transformers :wd chokes can be mncle to 
look like new by painting. Clean them thor
oughly of rust, loose paint, grease, etc. before 
spray painting. Sanding or scrubbing with steel 
wool may be needed. 

Highlighting can be applied to cabinets and 
panels by painting with a base color such as 
grey or black, a11d then spraying over lightly 
with gold, silver or copper. For an effect of 
depth, use clenr sprny over the :6nished prod
uct. Take plenty of drying time between these 
operations. 

Applying Decals 

Neat labelling provides the final touch, and 
it is of practical value when other amateurs may 
want to use your equipment. Typewritten or 
hand-inked labels pasted onto equipment make 
it look like the work of a rank beginner, regard
less of how skilfully the electrical and mechnni
cnl work has been clone. Decal~ are easy to ap
ply. A hook of them with enough to last through 
many projects costs less than $2.00. They arc 
available in black, white and gold. 

The label desired is cut from the sheet and 
then soaked in water to separate it from tl1e 
paper backing. Slide the decal onto the metal 
surface and move it into the desired position. If 
you get it slightly awry, dampen it and move it 
witl1 a small brush. When it is lined up properly 
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blot the moisture witl1 absorbent cloth or paper 
towel. The label can be moved again by mois
tening, until it is permanently dissolved with 
Tekni-Solv or lacquer thinner. This should be 
applied witll a small brush, using just enough 
to moisten the label area. 

The solvent should be tested on a paint sam
ple, as some solvent-paint combinations cause 
\Vrinkling and peeling. Paint should be allowed 
to dry for at least 48 hours before applying the 
solvent. 

Other Appearance Factors 

Choice of knobs can make or break the ap
pearance of homebuilt gear. Occasionally an 
amateur will devote a lot of time and effort to 
building a neat out£t, and then spoil the whole 
effect witl1 a random collection of knobs. Parts 
arrangement is important, too. Controls don't 
have to be perfectly balunccd in their clistribu
tion over a panel area, but pleasing arrange
ments nearly always can be made without re
sorting to string drives, remote controls and 
various other mechanical devices. 

Speaker grills offer an opportunity for ap
pearance highlights. A grill of perforated alu
minum painted black, mounted against a grey 
panel, will give a ple:ising effect. With some 
thought and advance plmming, :rnd the expen
diture of a little e.\tra time, tbc llnal product 
of your handiwork can ·be something you'll be 
proud to show off to your friends. 

SILVER PLATING-WHAT IT DOES, 
HOW TO DO IT 

Silver is one of the bei.t conductors J...71own. 
Where very high conductivity is important, sil
ver plating will improve almost any other met
nl. In addition, silver has a special attribute: it 
remains a good conductor when oxidized, 
whereas few other metals do. For these reasons 
many items of military u.h.f. gear are silver
platcd tliroughout, and copious silver plating 
has come to be almost synonymous with quality 
in the minds of v.h.f. and u.h.f. workers. 

But silver is expensive, so it is not so widely 
used in amateur applications. Just how much 
docs it do for us, and is it worth the cost? There 
is no single answer, except tha t silver plating 
probably never did :my harm, and it may be 
helpful. It makes soldering much easier, and it 
certainly improves mctnl-to-metal contacts, es
l)OCially sliding ones. Jt is well worthwhile in 
the portions of circuits wliere r.f. current is high, 
as in the shorted end of n coaxial or parallel
line r.f. circuit. 

Silver plating makes a measurable improve
ment in the Q of a v.h.f. circuit; 5 lo 10 per
cent increase in 200-Mc. coils wound of copper 
ribbon resulted from before-and-after measure
ments in tl1e ARRL Lab. It is probable that 

copper and brass tank circuits of tl1c type used 
in tl1e 144- and 432-Mc. nmplIBers described 
in this book would be slightly better after plat
ing. Tests on typical items have shown no meas
urable improvement in transmitter efficiencies 
through plating, but these have not been made 
on enough circuits to be sure that no benefit is 
obtainable. Certainly tl1e long-term conductiv
ity of silver-plated items, as compared witl1 
copper or brass counterparts that oxidize quick
ly with handling and use, should have some 
bearing on the value of plating to the amateur. 

Plating can be clone in several ways. First, 
)'OU can take your parts to a plating shop. This 
costs money, but assures a good job. There are 
at least tl1ree do-it-yourself methods now avail
able, including a home version of the process 
the plati11g shops use. 

For this you need a silver anode and a quart 
of concentrated plating solution. Doth are avail
able from distributors of plating materials. They 
cost $6.00 each from Hoover & Strong Co., 
Tupper Bldg., BuHalo, N. Y. Otber items re
quired hefore you set up in the plating business 
are a voltage source, l to 3 volts d.c.; a 2-quart 
plastic dish, a 5-quart rinsing bucket, degreas-
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ing solvent, a pair of clip leads, and some fine 
steel wool. The plating solution will enable you 
to plate with other metals as weU as silver. The 
plastic containers can be obtained from any 
hardware store. 

Preparing the Work 
Copper, brass and bronze are most suitable 

for silver plating. Steel can be plated, if it is 
first plated with copper. Whatever the metal it 
should be cleaned and polished before immer
sion in the plating bath. Rub it clown with fine 
steel wool, and clean in a degreasing solution. 
Chemical houses supply degreasers, or you can 
boil the work in a mild solution of laundry de
tergent. Rinse thoroughly in clean hot water. 
Handle only with rubber gloves; finger oils and 
acids will prevent the metal from plating prop
erly. 

Plating 
Use distilled water to dilute the plating solu

tion, usually 3 quarts of water to 1 of solution. 
This must be at room temperature. Too warm a 
bath will cause discoloration, and too cold will 
make for spotty plating. Connect the metal to 
be plated to the negative side of a 1'4-volt cell, 
and slide it into one end of the plating tnnk. 
Connect the silver anode to tl1e positive tcm1i
nal, and submerge it at the opposite end. M:dn
tuin n spacing of at least 6 inches between 
anode and work. Too close spacing causes ex
cessive current flow and discoloration. Agitate 
the work frequently to prevent bubble forma-
tion on it. · 

Immersion time is usually 5 to 10 minutes. 
Longer will give heavier coating, and it is best 
to err on this side, as far as the r.f. quality of 
the plating is concerned. The higher the volt
age the rougher the finish. Something between 
0.5 and lJf volts is best. 

After plating is completed rinse immediately 
in fresh clean water, preferably lukewarm. Do 
not touch with the bare hands if you want a 
clean surface. To preserve the fin ish, spray with 
clear lacquer after the work is thoroughly dry. 
A lacquer spray does not affect the ability of 
tl1e surface to take solder. If incomplete plating 
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is found near solder areas it is probably due to 
the presence of flux. Such areas can be scrubbed 
witl1 a stiff brush and xylol or alcohol. Replat
ing can be done as needed, in the manner al
ready outlined. 

Caution: Silver plating solutions contain cya
nide. Avoid breathing the vapors from the bath. 
In mitlng, pour the plating solution into the 
water, not vice-versa. Wash hands thoroughly 
after any contact with the .fluid. Do the plating 
in a well-ventilated room. Store the cl1emica.ls 
in clearly-marked containers, out of the reach 
of children. 

Other Methods 
Plating kit~ arc available in several forms. An 

inexpensive one is made by Miniplating, Box 
161, Middlcboro, Mass. This consists of a plas
tic cylinder for holding two penlitc ceUs, an 
electrode thnt fits in the end of the cylinder, 
clip leads, and a jar of plating solution in jelly 
form. The electrode is covered with n sponge
like plastic. The silver kit is $3.95, postpaid; 
extra jars of plating concentrate are $1.30 each. 

To use the kit the electrode is dipped in the 
jelly, the clip lead connected to the work, and 
then the surface lo be plated is rubbed with 
the coated electrode until silver is deposited. 

Another method, very simple to use, involves 
a plating powder. It is applied with a damp 
cloth dipped in the }Jowder, and then rubbed 
onto the surface to be plated. Because some 
rubbing is required, the resulting surface comes 
out very nice and smooth. The material, called 
COOL-AMP, is made by a company of that 
name, 8603 S.W. 17th Ave., Portland, Oregon. 
The powder is sold only in jars, minimum or
der 1 pound, $13.50, but a little goes a long 
way. Severn) would-be platers could do quite n 
bit of work each with one pound, which cov
ers about 6000 square inches! 

Both tl1e above methods are best used with 
rubber gloves. The plating materials are a little 
rough on the skin otherwise, and neater work 
is possible if the fingers are kept from direct 
contact with Lhe work or the plating substances. 
Several of the items described in tl1is book were 
plated using the kit or the powder. 

VARIABLE-FREQUENCY 

CRYSTAL HOLDER 

The frequency at which a crystal oscillates 
is affected by the presstll'e on the crystnl in t11e 
holder, in mount~ such as the common FT-243, 
shown in its original form at A in Fii,:. 13-1. 
In B, a flexible top electrode is substituted, and 
provision is made for varying the pressure this 
exerts on the crystal. 

In this system by W4RMU for swinging the 
crystal oscillator frequency, a spring electrode of 
0.004-inch brass or 0.003-inch steel shim stock 
is used ns the top plate, in place of the usual 

-

top electrode of the holder. The top cover of 
the crystal holder is dxilled and tapped to take 
a !I-inch screw ( nne thread preferred, but }l-20 
is usable) which provides the pressure adjust
ment. The copper plate that made contact with 
the original electrode in the holder serves the 
same purpose in the revised one. The spring 
plate is bent around a %-inch rod to give the 
curvature needed. 

It is important that the comers of the pressure 
plate be completely free of roughness or burrs. 
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(A) 

COPPER LOWER PLATE 

(B) PLArE 

Fig. 13· l - Cutaway views of the FT·243 crystal holder, 
in its original form, A, and modified, B, for variablo 
frequency control. In the latte r a spring with ad justable 
pressu re is substituted for the upper electrode. Spring 
tension is adiusted by means af a small screw in tho 
cover pla te. 

Polish them carefulJy with an emery stone or 
very one file. The range of frequency shift will 
be from the point where the spring plate touch
es the crystal at its center (low end of the 
range) to the point where the pressure no 
longer holds the crystal firmly in place. 

A modified FT-243 crystal is sbovro in Fig. 
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13-2. The amount of frequency shift will vary 
from one crystal to another, with the types that 
are convex-ground giving the greatest usable 
swing. Activity varies somewhat over the fre
quency swing, dropping o[ quickly at each end. 
A typical surplus crystal on 6006.667 kc., which 
originally gave a Z..mcter frequency of 144.16 
Mc. now gives coverage from that frequency 
to 144.26 Mc., with substantially no change in 
final grid drive. This is in a circuit similar to 
the 6CX8 oscillators in several units shovm in 
this book. 

Fig. 13-2- An FT-243 surplus crystal, modified for varia · 
ble freq uency control. 

CAPACITOR ROTORS-TO GROUND 

OR NOT TO GROUND? 

The question of grounding the rotor of a tun
ing capacitor, whether to do it, and if so, how, 
bothers many builders of v.h.f. gear. In si11glc
ended circuits, Fig. 13-3-A and B, grounding of 
t11e rotor, as in A, is usually the preferred 
method. The bypass capacitor, C1, may be far 
from perfect, with the result that the rotor will 
have some r.f. voltage on it, and it may radiate 
harmonics, or make the tuning sensitive to hand 
capacity. 

Choice of the tuning capacitor, C2 , may be 
important, too. Some variables have metal studs 
embedded in the ceramic end plate for mount
ing. With these a connection, usually to a rotor 

(A) 

spider, must be made for grounding. The re
sultant lead inductance may be enough to leave 
the rotor above ground for r.f. voltage, at fre
quencies above 100 Mc. or 'so. The capacitor 
having a threaded rotor bushing, for direct 
grounding to the panel or chassis, is much bet
ter for grounded-rotor circuits. 

ln t11e push-pull circuit, C, or any other 
where a split-stator capacitor is used, grotlllding 
the rotor or not depends on several factors. If 
the center-tap of the plate coil is bypassed to 
ground there is no need to ground the rotor, and 
it may not be necessary in other circuits. Espe
cially in the upper v.h.f. and into the u.h.f. 

(B) (C l 

+ + + 
Fig. 13·3-Because tho bypass, C,, may not be completely effective, the grounded-rotor circuit, A, is pro· 
ferred to that in B, which bypasses both the rotor a nd the low end of the plate coil. In the push-pull circuit, C, 
the rotor is best left ung rounded, unless the desi g~ of C3 is such that good balance to g round is assured. 
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range, grounding the rotor of Ca may unbalance 
the circui t severely, though this depends to some 
extent on the capacitor construction. With small 
butterfly types, as i11 the 6360 amplifier stages 
of some of our units in this book, it is almost 
impossible lo avoid rotor ground ing. In these 
circuits, with their well-balanced miniature ca
pacitors, there is no reason for doing otherwise, 
but the coil center-tap should not be bypassed 
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iI the rotor is grounded. In split-stator capacitors 
with two sections in line on a single rotor shaft, 
some unbalance almost always result:; from rotor 
groundi11g. In one 432-Mc. triplcr-amplifier 
fom1crly in the AHRL Hanclbook, running the 
tunini.: capacitor rotors above ground was a 
necessity. So great was the unbalance with the 
rotors grounded that neither triplcr nor amplifier 
stage would operate at all in that co11dition. 

SERIES-RESONANT BYPASSING 

I t is well-known tha t t11e incx-pcnsive disk
ccramic and "dog-bone" types of capacitors are 
relatively ineffective for bypassing above about 
100 Mc. or so. This is due mainly to their con
sic.lcrable lead inductauce, even when they are 
connected as close to the elements to be by
p:1ssed as possible. Actually this lead induct
ance can be used to advantage, by selecting 
lead lengths that make the capacitor series-reso
nant at t11e frequency to be bypassed. 

This approach is recommended by \ VA2-
KY I?, who supplied ilie infor111ation in Table 
13-1, showing capacitor and lead-length combi
nations for effective bypassing of r.f. energy at 
frequencies commonly encountered in v.h.f. 
work. The values are not particularly critical, as 
a series-resonant circuit is brond by nature. The 
impedance of a series-resonant bypass is very 
close to zero ohms at the freq\tency of reso
nance, and it will be lower than most conven
tional capacitors for a considerable range of 
frequency. 

A high-capacitauce short-lend combination is 
preferable to a lower value with longer leads, 
because the former will be less likely to allow 

TABLE 13·1 

Vnltrns of cn[lacit"ncc in pf. required for reso· 
runlcc ut frc,11u:mcies commonly encountered in 
nmnlcur-bnnd v.b .f. work, for lends of I/•, 1/2 
and I inch in length. 

Frequency ~-l11Ch ~-Inch 1-Inch 
Mc. Leads Leads Leads 

48-50 800 400 200 
72 390 180 91 
96 220 100 56 

141 100 47 25 
220 39 20 10 

unwanted coupling to other circuits. For exam
ple, a 100-pf. capacitor with ~-inch leads is a 
better hct tlian a 25-pf. with 1-inch leads, for 
bypassing a t 144 l\fe. The series-resonant by
pass is worth a try in any circuit where insta
bility is troublesome, and conventional bypass
ing has been shown to be ineffective . Screen, 
heater and cathode circuits arc usually good can
didates. 

CUTTING AND TAPPING 

PREPARED COIL STOCK 

Ready-made coil slack such as Air-Dux and 
l\liniductor is a great aid in making neat and 
mechanically-stable v.h.f. circuits, .bu t cutting 
anc.I tapping it bothers many worked~ The fine 
wire type with 32 tums per incl1 is particularly 
troublesome. 

Such stock can be cut almost to t11e turii de
sired by pressing a knife between the desired 
turns and heating it with a soldering iron. With 
only light pressure on the blade, it will slice 
through the plastic insulating material witll 
case. 

Tapping is easily done by pressing the wire 
down toward the a.xis of ilie coil, usinS! a thin 
screwdriver blade. This makes a loop that can 

be reached readily with the tip of n small sol
dering iron. Tin the loop, and tl1c wire that is 
to be connected to it. Put the two togcilier and 
a light touch wi th the iron will make a good 
joint. 

Pushing the wire down in this way nlso makes 
it easy to cut the wire without breaking the 
plastic strips. This is handy when a coupling 
loop (or nnother coil, closely coupled ) is want
ed. l\lercly cuf ilie wire where it is ben t in, 
and then unwind turns to give the necessary 
spacin i;: between windings, wiiliout cutting the 
insulation. Heating the wire slightly will make 
it unwind easily. 

STIFFENING ANTENNA TUBING 

Lightweight tubing used in nntcnna work can 
be made much stronger by inserting a wooden 
plug at the point where strain is expected. This 

-
is particularly effective for a light vertical sup
port for beams, where it runs throui;:h t11e tower 
bearing. This is the point where the tubing is 
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most likely to collapse. Stuffing it with a wood 
dowel that is a close 6t will strengthen it great
ly. A foot or two either side of the tower bear
ing is all that is needed. llug-polc sl:ock fa avail
able at most .lumberyards. Get hard wood for 
greatest strength. This may not be so readily 
available, but it is worth shopping around for. 

Also good for this application, though heavy: 
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ordinary thick-wall water pipe. It may bend, 
but it will not collapse or break. The so-called 
1-inch wnter pipe (inside dinmctcr) is 6ne. 
Lightweight steel tubing is probably the least 
desirable ol: all, because of its susceptibility to 
collapsing. Aluminum or dural tubing offers the 
best compromise between strength and light 
weight, of readily-available materials. 

LAYING OUT A PARABOLIC CURVE 
For clTcctive work abo\·e 1000 Mc. a para

bolic rcilector is almost a must. Usually this 
means a .trip to a surplus depot or junkyard, 
but parabolas of moderate size arc not difficult 
to make. The antenna shown in Fig. 13-4 was 
used in the first amateur communication ever 
achieved on 2300 Mc., but the basic ideas it em
ploys are still useful, if you want to make 
your own dish. the 5-footer shown has a gain 
of 200 ( 23 db. ) in the 2300-Mc. band, yet it is 
light enough to be carried easily. 

Fig. 13-4-A homemade parabolic reflector for micro
wave work. The model shown is 5 feet in diameter, but 
proportions shown in Fig. 13-5 may be used for any 
desired size. 

The dimensions and shape of the wooden 
supporting fraine are given in Fig. 13-5. Clamps 
of mct:al at the outer end of eneh of the 8 
wooden arms take a hoop of heavy copper wfre 
or small tubing that comprises the outer ring 
of the dish. The mesh can be window screen
ing, hardware cloth, or any otl1er mesh having 
openings less than 0.1 wavelength across in the 
largest dimension. The wooden supports can be 
made of plywood or pine shelving. Described 
originally by Koch and Floyd, in QST for July, 
1946, p. 36. 

The measurements need not be in inches. By 
using the proportions given, an antenna of any 
desired diameter can be made. Dimensions are 
not particulaily critical. It is not absolutely nee~ 

essary that the reflector be a true parabola, and 
it docs not have to be round. A 12-foot para
bolic-curve reflector essentially sq1111rc in shape 
was described in detail by WlTQZ, in QST 
for April, 1961. 

Details of the dipole feed and reflector for il
luminatin~ a parabolic reflector at 2300 Mc. are 
given in Chapter 10, and in the July, 1946, QST 
reference, above. 
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Fig. 13-5-The frame for a porabolic reflector con be 
cut from plywood or pine shelving, using the dimensions 
or proportions given obove. The shope of the curve can 
be compu1'od lrom the formula Y' = 4AX, where A is 
the di$1anco from the center to the focal point, in this 
case 17 inches. 
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CLEAN SCOPE PATTERNS 

WITH V.H.F. TRANSMITTERS 

Use of an oscilloscope is a must if you want 
the best possible signal quality with sideband 
or a.m. linear amplifiers. But when a scope is 
connected in the manner used on lower fre
quencies, stray r.f. on the scope plates produces 
all manner of pattern distortion. 

This can be corrected to some e:-.tent by con
necti11g a tuned circuit, resonant at the trans
mitting frequency, between the vertical plates 
of the scope, and then link-co11pling some en
ergy to it from the transmitter. The question of 
how to couple to the transmitter output still 
remains. W6GDO has a neat way of taking care 
of this, and a simple method of connecting to 
the scope as well. 

A modified 83-lT cO:lxial T lltting is con
nected in the line between the transmitter and 
tJ1c loud or antenna. The contact that normally 
is the common one in the fitting is removed, and 
a small capacitance substituted, for coupling 
into the line to the scope. With high power it 
may not be necessary to put in any coupling 
capacitor at all, and for intennediate power 

something up to about 5 pf. may be needed. This 
line can then be run to a link around the tuned 
circuit connected at the scope plates, or it can be 
terminated in a balun, the two inner conductors 
of which connect to the scope plates. 

W6CDO reports "beautiful textbook patterns" 
with this system, on all bands from 50 through 
450 Mc: A single bnlun will probably serve for 
both 144 and 432, because of the third-har
monic relationship, if the coupling in the T 
fitting is right for tJ1e two bands. Several T 
fittings can be modified for various power lev
els, and baluns cnn be made for all bands used, 
in order to provide flexjbJe monitoring with the 
scope on all voice transmissions. 

There are several ways to modify the coaxial 
fittings. If an 83-lJ adapter (through-connector) 
is used with the 83-1 T T fitting, the coupling 
capacitance can be included in the adapter, 
just as well as in the T unit. Where the power 
level is low tl1e balun can be fed from an un
modified T fitting. This is safe for transmitters 
of less than 5 watts output. 

MAKING AND USING R.F. CHOKES 

General-purpose r.f. chokes can be bought 
almost as cheaply as they can be made, but 
winding your own has its points. If choke effi
ciency is important, you can probably make a 
better one than you can buy, and for random 
applications a few turns of wire on a resistor, 
or self-supported, may suffice. 

Applications 
A choke is used to keep r.f. out of a circuit, 

or in another. For v .. h.f. applications something 
between a quarter and n half wavelength of 
wire wound up into a coil will do. It should pre
ferably be of small diameter (usually !I inch 
or less) and 3 to 6 times as long as it is wide. 
In some circuits a carbon resistor will work just 
as well; maybe better, if there is not a heating 

problem. Fig. 13-6 shows resistors used for de
coupling the plate-power leads of fam iliar r.f. 
amplifier circuits. R1 and ~ can be anything 
from a few hundred to several thousand ohms. 
They can be used for voltage-dropping as well, 
as in the case of Nuvistor stages that must run 
at around 70 volts, with a power source tlint 
may be as high as 200 or 250 volts. 
· For decoupling the heater circuits chokes 

must be used. RFC1 and RFC2 can be wound 
oo small resistors, preferably of 10,000 ohms or 
more. RFC3 and RFC1 prevent signal loss to 
ground, when low-value cathode resistors arc 
used. This is not a critical application; almost 
any choke will do. 
Th~ shunt-feed plate choke in a transmitter 

amplifier, RFC6 in Fig: 13-7, is a more critical 

"-------''--" +rsov. +ISOV. 

,,A, ,.A 
... ~6.3V. 

-.. 

Fig. 13·6- Typicol r.f. amplifier circuits for v.h.f. receivers or converters. 
Resistors R, and Ri ore used for decoupling of the power leads. R.f. 
chokes could replaco them, but resistors do the job well enough. In the 
heater circuit tho current is loo high for resistors so simple r.f. chokes, 
RFC, and RFC., must be used. In the grounded-grid amplifier, right, 
chokes RFC3 and RFC, are inserted in tho cathode leads, to prevent signal 
loss to ground. Hooter circuit chokes ore the some as for the cascade cir
cuit at the left. The quality of the chokes is not particularly criticol in 
either application. 
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Fig. 13-7-Transmitter a pplications for r.f. 
chokes vary markedly in regard lo the qual· 
lty of choke needed. In the grid circuit, RFC,, 
has no very difficult job to do, and any 
choke suitable for low-power use is suitable. 
The shunt-feed choke, RFC., must meet severe 
requirements, especially in high-powered 
amplifiers. It is effectively across the Irons· 
milter tonk circuit, and is subjected to high 
temperature, current and voltage. The output 
choke, RFC-,, is ma inly o safety device and it 
operates under much less stringent circum· 
stances. 

BIAS 

matter. This choke has the whole r.f. power of 
the amplifler across it, at high impedance, and 
it had better be a good one. On the other hand, 
the output choke, RFC1 , 11ever sees much over 
50 ohms impedance, so long as the trnnsmitter 
is working into n well-matched load. Its quality 
is not n matter for great concern, and it is main
ly n protective device, to prevent d.c. voltage 
from appearing on the antenna line, should C 1 
break down. The grid choke, RFC5 is not parti
cularly critical. 

Placement of an r.f. choke may have consid
erable bearing on its performance. Fig. 13-8 
shows right and wrong positions for the r.f. 
choke on a 2-meter plate line. The pipe-line 
amplifier of Chapter 6 was built originally as 
shown at the left of Fig. 13-8. When power was 
applied the r.f. choke went up in smoke. Moved 
to a position outside the "U" of the plate lino 
its replacement has run coolly ever since. 

There is no "good" place to put a choke used 
in the manner of RFC6 in Fig. 13-7. It has to 
be close to the tube, so it is subjected to con
siderable heat, as well as to high r.f. voltage 
and heavy d.c. flow. Consequently this r.f. 
choke must have large built-in safety factors 
in all categories. 

Designing for the Job 
To handle the d.c. load without overheating, 

No. 28 wire is about as small as it is safe to go 
in an r.f. choke for heavy-duty transmitting 
nppHcations. Larger is better, if there is room. 
Space-winding the turns increases the heat-dis
sipating qualities, making it possible to use 
smaller wire than when the turns are close
wound. Most heat trouble in r.f. chokes devel
ops from their being used in hot places, and 
being subjected to high r.f. voltages, rather than 
to excessive d.e. flow alone. 

Wire size is important in heater chokes, es
pecially where the current to several tubes runs 

l\FC 
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through a single choke. No. 22 or 24 wire is 
about as small as should be used in heater 
leads, ordinarily. These or larger sizes can be 
used for self-supporting chokes for the higher 
bands. 

Distributed capacitance limits tlie range over 
which an r.f. choke will work. This makes the 
space-wound choke superior to the close-wound 
one. A minimum of cement on the windings 

RFC 

TABLE 13-II 

R.f. Chokes for 50, 144 and 
220 Mc. service. 

Frc- lllcl11c-
quencv 1anca 

50 Mc. 7.8 to 
9.Sµh. 

50 Mc. 8.3 11h. 

50 Mc. 7.2 µh. 

DesiTiptio1i 

ll & W Miniductor No. 3004, 
Hf! to 1-9/16 inch long,• 
No. 28 d.s.c., spncmvound 
on \,/;-inch T cllon rod. 
Winding 1 3,4 inch long. See 
text. 
No. 28 d.s.c., closewo•md on 
14-inch Tefioa rod. Wind-
ing 1-7/16 inch long. 

144 Mc. 2.15 µh. Na. 22 Nyclnd, closcwound 
1-3/16 inch oo 14-lnch Tef
lon rod. 

144 Mc. 1.42 µh. 31 turns No. 28 d.s.c., spnce
wound on 14-inch Tenon 
rad. Winding 1-1/16 inch 
Jong. 

144 Mc. 1.3 µh. 2g rums No. 22 Nyclad'l~ 
inch long, 14 inch diam. sclf
supporting. 

(Above 144-Mo. chokes work well on 220 Mc.) 
220 Mc. 0.0 µh. 13 turns No. 22 Nyclnd on 

\4-inch Tefion rod. 
220 Mc. 0.7511h. 17 turns No. 28 cl.s.c. space

wound on V.. -inch Tellon 
rod. Winding *i inch long. 

220 Mc. 0.5!! µh. 22 turns No. 22 Nyclnd 
closewound on No. 2·1 drill, 
self-supporting. 

•Excellent for use except where high tem
peratures nrc involved. 

~ 
L-1<.....JI--~~~~~--'~ 

~r· 
Fig. 13·8- How o choke is positioned with 
rospoct to other circuits moy be important. 
Tho choke ot the left is coupled to t ho plate 
line of the transmitter tuned circuit. Outside 
the loop, os at the right, makes the choke 
far loss subject to r.f. breakdown. Plt:tte circuit) 



Making R.F. Chokes 

Fig, 13-9-Typical handmade v.h.f. chokes. At the rear 
arc closewound and spacowound chokes for 50 Mc., 
wound on 14-inch and Y,-inch Teflon rod , drilled and 
to pped for end-mounting. Three 144-Mc. chokes are 
seon in the center row, the two at the left being ex
collonl for hig h-cu rrent applications. Similar types to 
those, but for the 220-Mc. band, ore in front. 

is also desirable. The space-wound 50-Mc. 
choke in Table 13-11, shown in the upper right 
of Fig. 13-9 is as good as you can make for that 
hand, and better than most chokes you could 
buy. It is good at 14'1 Mc. as well , and even 
serviceable at 220 r-.i1c. A clo~ewoun<l choke of 
flne wire, heavily doped with lacquer, might be 
usable on only one v.h.F. band, and very likely 
i t would not be too good, even there. 

Making Your Own 

To set up in the r.f. choke business we need 
some 'virc: No. 22 enamel ( 1yclad or Formvar 
preferred) ; No. 28 enamel, silk or cotton-cov
ered; and No. 30 or 32, of any similar insula
tion. Silk or cotton-covered wires take cement 
nicely, but enamel is OK otherwise, nnd it is 
us11all )' most readily avai lable. 

High-value lf or !-watt resistors make good 
winding forms for use at 144 Mc. and higher. 
A 2-watt resistor is big enough for a 50-Mc. 
choke, but Teflon or Nylon rod stock is better. 
Do Mt use polystyrene or lucite, if any heat is 
to be involved. These materials will melt in 
the heat of an averngc transmitter enclosure. 
TeAon rod can now be found in plastics supply 
houses, in ll and Jf-inch din.meter. It drills and 
taps nicely, it won't melt, and its insulating 
quaHty is excellent. Bakelite rod or even wood 
dowelling is good enough for the less-critical 
choke applications. The smallest-diameter pre
pared coil stock is usable for 50-Mc. chokes, 
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but it won't stand much heat. 
Space-winding r.f. chokes is easy. First drill 

through the rod at spacings indicated under 
winding length in Table 13-ll. Now measure 
off sHghtJy more than a half waveleogtJ1 of 
wire. Double it back on itself and feed the end 
through one of the holes in the rod. Now wind 
the coil as if it were to be bifilar. If you clamp 
the other end of the double wire in n vise, or 
tie it down finn)y otJ1erwise, this can be done 
easily. Keep tl1e wires under tension, und be 
sure that they are not twisted at any point. 
Wind tightly and then feed the end through 
the otl1er rod hole. 

Now remove one of the wires by unwinding 
carefully, keeping it under tension throughout. 
The remaining wire will be space-wound as 
neatly as if done by mttchine. Apply a thin coat
ing of polystyrene cement, using a bit more 
around the lead holes, and your choke is done. 
It will be dry and ready for use in a few min
utes. If having all those wire scraps left over 
runs against your Scotch instincts, make chokes 
fo r the lower end of the range first. The pieces 
unwound will be useful for higher-frequency 
production later. 

Self-supporting chokes of excellent quality 
can be made by winding No. 22 or 24 wire 
tightly on various drill sizes, and then slipping 
the drill or other winding form out. lf wound 
under tension the coil will hold its shape when 
slipped off the fo nn. Turns can be spaced by 
running a thin knife blade between them. You 
can't make a better choke than this. 

You can tell a good choke from an inferior 
one easiJy enough. Connect it across your driv
er-stage tuned circuit, and see what it does to 
your final-stage grid current. Also note how 
much you have to retune the driver circuit to 
restore resonance. A perfect choke would have 
no harmful effects, and it would not heat up. 
You won't 6.nd one that good, but a well-de
signed choke will come close. If the choke is 
not a good one, don't run the test too long at 
any appreciable power level, or you won't have 
to look for indications-you'll smell them! 

A recent development in the r.f. choke field 
is the ferrite bead. These are small beads of 
ferrous materials that can be slipped over wires 
wherever the effect of an r.f. choke is needed. 
They are particuJarly effective for heater de
coupling purposes, as they can be placed di
rectly on the heutcr lead, adcling no d.c. re
sistance to the circuit. 

"JUST LIKE QST, EXCEPT . .. " * 

These words are voiced or written almost 
da ily in telling tlie owner's sad story of a rig 
that doesn't work as it should. Investigation 
nearly always shows that the builder made his 
own troubles, as a result of common miscon
ceptions about h)rpassing and grounding in tet-

-

rode or pentacle amplifiers, transmitting or re
ceiving. Every new project is to some extent 
a design problem, and a certain amount of de
bugging is almost inevitable, but there are right 

• Fram a longer nrtlclc under the same title, in 
Mnrch, 1959, QST. 
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Fig. 13-10- Modols showing righl ond wrong methods for bypassing a nd grounding. In these 9-pin sockets, Pins 
4 a nd 9 ore supposedly grounded, and Pin 3 is hopefu lly kept al r.f. ground potential by the disk ceramic 
bypass. In criticol v.h.f. circuits, the layout at the right stands a much better chance of achieving these abjec· 

lives. Common coupling, ond resu ltont instabi li ty, ore inherent in the arrangement al the l e~. 

and wrong ways to do the basic jobs en
countered in nmateur equipment construction. 

Take the matter of sockets and bypassing. 
Fig. 13-10 shows wrong and right methods. 
The wrong, left, has Pins 4 nnd 9 supposedly 
grounded by a small wire running through the 
socket center ring (which is supposed to be a 
shield ) to a lug under the mounting screw at 
the left. Pin 3 is bypassed to "ground" by run
ning the low side of a d isk ceramic capacitor to 
the center ring. What happens J1ere? The only 
place that i.~ really at ground potential is the 
portion of tho lug that is under the mounting 
nut. The rest of the lug, the wire, the socket 
pins and t11e bypass lead could all be above 
ground for r.f. The path to ground from Pin 3 
is a long one, and ilic other pins arc common 
to it. This is an invitation to feedback, due to 
common-lead coupung. 

Now look to ilie righl The same circuit is 
wired by bending the socket lugs against the 
center ring and soldering t11em there. The lug 
under the mounting nut is al~o bent over to the 
center ring. This puts Pins 4 and 9 very much 
closer to ground potential than the wire method 
at the left. Tho capacitor from Pin 3 is grounded 
to the lug, right close to the point where it is 
under the nut. ff the disk ceramic is capable of 
being au effective bypass, this wiring arrange
ment will give it a chance. There is almost no 

common path to ground between Pin 3 and the 
other circuits, and the center ring is much near
er to being n shield than before. 

Another demon for ilie v.b.f. man is tlie sock
et shown at the left of Fig. 13-11. The manu
facturer very kindly provided an elevated 
mounting ring on this gem. Fine for use on lower 
frequencies, or in a hi-6 amplifier, perhaps, but 
it caused all manner of trouble in a 6146 ampli
fier for 50 Mc. built by the author of this book. 

This socket makes reliable contact to the 
chassis only nt the mounting cars. If you accept 
ilic maker's invitation to use those ring exten
sions for the cold (you hope!) end of your by
pass capacitors, you can very easily build in 
common coupling through the ring's induct
ance. The socket at ilie right, with no such 
conveniences, forces ilie user to bypass to 
ground, at the mounting nut, which is ilie right 
place to do it. 

Our best tctrodcs and pentodes, boili trans
mitting and rcce.iving types, have very high gain 
and power sensitivity. Only a little bit of feed
back can make them take off. If t11is feedback 
is within the tube itself, or if it is clue to coup
ling between timed circuits, you can neutralize 
or shield it out. If ilie coupling is built in 
through common ground leads and ineffective 
bypassing, as illustrated in these typical ex
amples, it can grow you a lot of grey hairs. 

Fig. 13·11-Socket at the left with its built-in " grou nding" ring is on invitation to trouble in v.h.f. circuits. 
The one at tho right necessitates, use of grounding lugs at the mounting halos, a nd encourages good by· 
passing a nd grounding pra dico. 
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MORE VERSATILITY WITH THE HEATH SIXER AND TWOER 

The well-known "Benton Harbor Lunchbox" 
is :i mainstay of activity on 6 or 2 meters in 
many localities. Here are several modifications 
of these popular little rigs thnt will add to their 
versatility. Tiiey are the work of Lew McCoy, 
WUCP. 

Adding A2 for Code Communication 

The 50- and 144-Mc. bands are ideal for 
code communication-for practice or for im

proved signal readability when the go.ing is 
rough. Unfortunately very few readymade a.m. 
transceivers now available provide for code work 
of any kind, so much interesting potential 
of the v.h.f. bands is lost to owners of such 
equipment. The superregeneralive receivers in 
the Sixer and Twoer make it impractical to copy 
keyed c.w., but they are fine for reception of 
tone modulation. 

The simple transistor tone oscillator of Fig. 
13-12 can be built in to either unit easily. By 
con11ccting the output of the oscillator to the 
arm of the volume control the keyed tone will 
modulate the transmitter, and when the trans
ceiver is switched to the receive position the os
cillator can be used for code practice. Also, in 
the transmit position a slight amount of the au
dio tone is fed to the speaker, permitting the 
operator to monitor his own "fist." 

The tone oscillator is mounted on a 2 X 2}~
inch piece of perforated unclad circuit board. 
This is *a inch thick and is perforated with 
~o-inch diameter holes spaced approximately 
J!, inch apart. Push-in clips are avniJable for mak
ing connections, but in tl1e units shown the con
nections were made by soldering the component 
leads together. 

10 PIN 6 OF VZ. 

J~~~~B2K 
.,._.._:;... _ _ _,,_/\1\1;:..0 ''<I' 

3300 

RIOZ 4100 

TO 1 CRS.CNAI.. Z 
o• 

VOlWC co.nROI.. ·x· 

The emitter of Q1, and one side each of C1o1, 

R101, and R102 (and C 102 in tlie 2-meter 
unit) are connecte<l together and a lead run 
from this connection to the cl1assis of the trans
ceiver. This ·provides a common ground for the 
oscillator. The key jack, 1101 , must be insulated 
from the panel, and eitlier insula ting washers 
or electricians' plas tic tape can be used for tliis 
purpose. The jack is mounted on the panel be
tween the microphone connector and the vol
ume control. The osc.illator assembly is support
ed by its own lends. When installing the board, 
be careful that none of tlic connections on the 
bottom touch any leads in the transceiver. 

In order to monitor your own sending, a 330-
ohm, ~-watt resistor should be connected be
tween terminal 4 of the transmit-receive switch 
nnd the chassis, as shown in Fig. 13-12C. This 
feeds a very small amount of audio from the 
transmitter to the speake r. When transmitting 
A2 tum the volume control full on; otherwise, 
the audio oscillator output will be short-circuited 
to ground. For receiving or using the oscillator 
for code practice, the volume control should be 
set at a comfortable listening level. A switching 
circuit could be used so that the volume control 
setting wouldn't have to be changed, but tl1is 
would have complicated the conversion and 
didn't seem worth the expense or crowding of 
components. 

Metering Transmitter Output 

One problem with the Tweer and Sixer is that 
external meters are required for tune-up, and 
tl1ere is no constant metering of the output. A 
low-cost milliammeter connected as a relative 
output indicator can be installed in each unit, 

SWITCH 
•lz•• 

.o~ .02 .o~ CIOI .oz (Cl 

L:__J"' . 1~b~ SOMC, 01 

Fig. 13-12-Circuit diagram of tha code oscillator. A is the 1.44-Mc. unit and B h for 50 Mc. Fixed resistors 
aro ~·watt; resistances are in ohms (K = 1000) and capocitances are in µf. Capacitors are paper ar Mylar, 
working voltage 25 or more. Component numbers under 100 refer to the original Heath circuit; those over 

100 are the added components. C is the circuit for monitoring one's own sending. 

Ctu1- 0.05 µf., disk ceramic, paper, or Myla r. Q 1-N·p·n, RCA typo 4031.4 or si milar. 
Clv::-0.001 µf., disk ceramic. R10l- 1800 ohms, Y:i watt. 
J 101- Single-circuit phone jock or phono jock. RFC= -2.7 µh. (Millen 34300-2.7 or similar). 

-
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for constant moni toring of the power going · to 
the antenna. 

Tbc meters in Fig. 13-14 are edgewise minia
ture S meters. There is adequate space on the 
panel for both the meter and control R10:1 
just below the nameplate. The ungrounded end 
of R103 is connected to the meter-jack side of 
R13 {a 3300-ohrn, lf-watt resistor) by an insu
lated wire fed under the chassis through a grom
met below the meter. 

Amplifier Tank Circuit Modification 

Another worthwhile improvement can be 
made by changing the output tank circuit from 
capacitive to inductive coupling to the antenna. 
This reduces the possibility that undesired fre
quencies generated in the multiplier stages will 
reach the antenna. 

Remove the coupling capacitor that goes 
from the tank coil ( L:·: i11 the Sixer and L4 in 
tJ1e Twoer) to terminal 11 of' the transmit-re
ceive switch. In the 2-rnetcr unit, insert one 
side of a 3-30 compression trimmer capacitor 
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Fig. 13-13-lnteriar of 
the "Lunchbox" with 
the code oscillator in-

stalled. 

under the nut that holds the tube socket for V 4 , 

<it the chassis-edge side. The new coupling loop, 
L101 in Fig. 13-16, is made of insulated No. 14 or 
16 solid wire. The loop for the Twoer is one 
turn the same diameter as the tank coil, inserted 
between the first and second turns, at the feed
through capacitor end. One end of the loop is 
connl'cted lo terminal 11 of the transmit-receive 
switch and the other end to the ungrounded 
side of the 3-30 comprei;sion trimmer. Keep 
these lead lengths as short as possible. 

Using the lamp dummy load that comes with 
the kit, tune the tank capacitor and the com· 
pression trin1mer for maximum lamp brilliance. 
The output meter will read maximum when the 
lamp is the brightest. It may be necessary to re
duce the sensitivity by me.ms of R103 to keep 
the meter from going off scall•. 

Try moving the loop in relation to t11e tank 
coil, for maximum brilliance of the lamp load. 
Be sure to turn off the power to the transceiver 
wlwn making this adjustment because the B
plus voltage is present on the tank coil and you 

Fig. 13-14- The Twoer 
and Sixer, complete 
with code osci llator, 
relative power meter 
and front·panel crys· 

._ ........ . .. ······· 
c . . ~ .. 

- . - ._ ... ----- -. . 

tal socket. 
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couJd get a dangerous shock. 
The 6-metcr installation is slightly different. 

The trimmer capacitor is moun ted on a 3-lug 
terminal strip with the center terminal ground
ed. The strip is mounted between the crystal 
socket and tho socket for V 4, using the unused 
coil moun ting hole as the moun ting point A 
2-tum link, with the turns just slightly smaller in 
diameter thnn tbe tank coil, is made from in
sulated No. 16 or 18 solid wire. This is positioned 
just inside the tnnk coil at the feed-through ca
pacitor end. T he adjus tment procedure is the 
same as with the 2-meter unit. 

Fig. 13-15- Addi ti on of the metering circuit. 
M101- 0- 1 milliamrneter (Radio Shack 22-004, World 

Radio labs 99M194). 
R,03- 10,000-ohms, \4-watt control. 
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Fig. 13-16- Tuned output ci rcuit for the Twoer and Sixer. 
C100- For 144 Mc., 3·30-pf. compression trimmer; for 

50 Mc., 8-50-pf, trimmer (Centralab type 822-
AN or similar). 

L,01- See text. 

Remove the wire from terminal 12 of tho 
transmit-receive switch and the antenna output 
terminal. A length of RG-58/U is substituted 
for tlus lend, grounding the outer conductor at 
both ends. 

External Crystal Socket 

A crystal socket on the front panel makes fre
quency changing much easier. This mounts on 
the front panel a longside the m eter, and a short 
length of T win-Lead, fitted with a crystal socket 
plug (Millen type 37412 ), is used to connect 
it to tlle chassis-mounted crystal socket. If you 
have a de funct crystal, it can be removed from 
its holder uncl the Twin-Lead soldered to the 
holder p ins, l'o make a plug. 

L·MATCH FOR COAX-FED V.H.F. ARRAYS 

Whenever co:u.;al line is used to feed a 
driven element d irectly, there must be provi
sion for converting the unbalanced line (coax ) 
to the balanced lond represented by the dipole. 
Some method of raising tl1e driven element im
pendance is also req uired. The simple L-1\!atch 
of Fig. 13-17 was devised by Halph Campbell, 
W4KAE, to do both jobs. I ts derivation is shown 
in Fig. 13-18. 

If the question of balance is ignored, an in
ductivu stub 0 1: U shape, solid line in the sketch, 
can be used in conjunction with a shortened 
driven clement, to effect an impedance match 
between the transmission line and a driven ele
ment of lower imped ance. Such a stub tried by 
W4KAE in a 2-meter Yagi having a two-piece 
dipole fed with coax gave something approach
ing 11 11 impeclnnce match, but left the problem 
of balance unsolved. Checks with an r.f. prob;
showed tlia t the portion connected to the inner 
conductor was hot with r.f., but the other side 
was praeticall}' cold. ln effect, the driven ele
ment was acting like the fed portion of a 
ground-plane antenna, with the other half and 
the metal boom ·acting like the radials. 

When the loop was bent townrd the' side of 
the dipole tha t was connected to the inner con
ductor of the 1.-onx, (broken line in Fig. 13-18 ) 

-

Fig. 13-1 7-The l -Match as installed by W4KAE. 

the balance of power in the halves of the dipole 
improved, and tl1c s.w.r. indication on the line 
went lower than could be obtained with a per
pendicular stub. T his led to experin1ents with 
a boot-shaped loop, F ig. 13-18B, varying the 
posi tion of the " toe" with respect to the hol 
half or the driven element. Soon nearly perfect 
balance was achieved, and the s.w.r. indication 
was broug ht down to 1.05:1. Presumably very 
cnreful adjus tment of the length of the driven 
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(A)· 

' 
(B) i 

' : 
' 
J 

Fig. 13· 18-Evolution ' of the l·Motch. Perpendicular 
loop, solid line, raises feed impeda nce, but leaves 
problem of unbalance unsolved . Moving loop l o the 
right pa rtially correct$ balance. Boot-shaped loo p, 8, 

co mbines lmpedance·matching and balun effects. 

element, and the length and posi tion of the 
stub, could bring the s.w.r. down even lower, 
though checks on many supposedly well
matched 2-meter arrays might show his match 
to better than most. 

The effect of the stub amounts to inductive 
loading at the center of the dipole, so the end
to-end length must be physically less than that 
of a driven element fed by other means. The 
dipole length and the size and position of the 
balun loop vary with frequency, and with the 
feed impedance of the array in question, so no 
one size can be right for all 2-metcr Yaf,ris. The 
dimensions shown in Fig. 13-19 were optimum 

BITS AND PIECES 

for a "store-boughtn 15-element Yagi, operated 
at 145 Mc. The mounting screws of the dipole, 
which serve as connection points for the coax 
and balun loop, are 2~ inches apart. The hoop 
is made of aluminum ground wire, about 9 
inches overall, including the "eyes" at each end 
for slipping over the mounting screws. 

Some variation in loop inductance, and thus 
in impedance matching, can be made by vary
ing the spacing between the upper and 'lower 
portions. Balancing effect is related to the posi
tion of the loop "toe" with re:.-pect to the driven 
element. Obviously these effects interlock, so a 
cut-and-try approach is indicated. The array 
should be set up at least one wavelengt11 above 
fiat ground, with no reftecting objects in the field 
for many wavelengths out in front. An alterna
tive recommended in our antenna chapters is 
to point the array straight up while making 
matching adjustments. 

The L-Match should be of workable dimen
sions for 50- or 220-Mc. arrays. Suggested 
lengths of wire for making the loops are 25 and 
6 inches, respectively, for 50-ohm feed in Yogis 
of otherwise conventional design. 

Fig. 13-19- Dimensions of the l-Match used with a 
b roken d ipole in a 15-elemenl 145-Mc. Yo gi. Di men
sions ve ry with frequency and d riven-element imped-

ance, but those shown should be average values. 

PILOT LAMP NOISE GENERATOR 

Here's a noise generator hint tliat came from 
W9EHX, via W9KLR. It uses a 2-volt 60-mn. 
pilot lamp instead of a crystal diode, but is 
otherwise similar to the diode job described in 
chapter 11. The r.f. choke d idn't appear nec-
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Fig. 13·20- Noise 9onorc tor using 2-volt 60·mo. pilot 
lamp, in place of the usuol crystal diode. 

essary but is advisable to prevent loss of noise 
through battery circuit. Output is . constant, in 
comparison to the rather variable results ob
tained with some crystal diodes. The original 
was built in an old soup can from junk parts, 
which kept the cost close to nothing. The load 
resistance should be equal to the impedance 
of line used to feed antenna. It shows about 
4.5 db. of noise with a good 144-Mc. converter. 
More noise could be obtained wi th incrcnsed 
filament voltage, at expense of shorter lamp 
life. Other types of lamps may draw more cur
rent, but they deliver about t11e same noise out
put, so a 60-ma. type is most economical. T he 
coax fitting should match that on converters to 
be checked. Make all leads as short as possible. 
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from basic fundam e ntals t hrough the most complex 
phases of this appe aling h o bby Is co ve re d In ARRL publicat ions. 

Whethe r novice or o ld-tim e a mate ur, st ude nt or e ngin eer , League publications 
will h e lp y o u to keep abre a st of the t imes In the ever-expanding field of e le ctronics. 

THE RADIO AMATEUR'S HANDBOOK LEARNING THE RADIOTELEGRAPH CODE 
lnternation•lly recogni1ed, universally consulted. The 111· 
purpose volumt of r•dio. Packed with information, useful 
to the lmlttur and profeuional alike. Written in 1 clear, 
concite manner, contains hundreds of photos, diagr.tms, 
charh ond l•blu. $4.00 

A COURSE IN RADIO FUNDAMENTALS 
A complete course to be usod with the Handbook. Enables 
th e atuden t to progress by fo llowing tho principle of 
" learning by dolno .'' Applicable to individual home study 
or dauroom UH. Sl.00 

THE ARRL ANTENNA SOOK 
Theoretical expl1n1tion and complete instructions for build· 
ino different •r.P•• of antennas for amateur work . Simple 
doublets, mult element 1rrays, mobile types, rotuiH, long 
wiru, rhombiu and others. Tnnsmiuion line1 are exh1us-
1ively d i1<uned. Profusely illustrated. $2.50 

THE RADIO AMATEUR'S OPERATING MANUAL 
Wrinen for the am1t1ur who prides himself on 9ood oper .. 
ating procedur11. It is 1 re1dy reference source and guide 
to good oper1tln9 practices. lde1I for tho 1m1teur who 
wishes to brush up on operating procedures, ind who 
w hhes inform ation on a.II facets of amateu r operating. 

$1.00 

HOW TO BECOME A RADIO AMATEUR 
Tell• what • motour radio is •nd how to lJOI slnrtod in this 
f oscin ating hobby . Spocial emphasis is given tho neods of 
th o Novico licen11e, with 1 complete amtlteur station fea· 
lured. SI.OU 

For those who find it difficult to muter tho code. Designed 
to help the beginner. Contains puctice ma;terial for home 
study and classroom uso . $ .SO 

THE RADIO AMATEUR'S LICENSE MANUA L 
Study gu;de a nd reference book, point's the way toward 
the coveted amateur license. Complete with typical qu11· 
tions and answers to all of tho FCC amateur oxam•
Nov ico_, Technidan, Conditional, General, Advanced and 
Extra Class. Continually kept up to date. $.50 

UNDERSTANDING AMATEUR RADIO 
For the beginner. hr.loin& in simple lan9uage the el tmt n· 
tary principles of e ec tronic an d r•d io circuits. lnclud11 
how·to·build·it information on low·cost receivers, tnnsmit
tHs and anten nas. A "must" guide for the newcoms 2.oo 

THE MOBILE MANUAL FOR RADIO AMATEURS 
Scores of 1-1l1cted art icles on mobile receivers, h•nsmitlen, 
1ntennas and power supplies. Between its two coveu ;, all 
the practical information an amateur needs for carefree and 
dependable mobile oper•tlon. $2.50 

SINGLE SIDEBAND FOR THE RADIO AMATEUR 
A di9ost of tho best 1.1.b. u ticl es from OST. lnclud u dis· 
cussion of theory and pruti<1I "how•IO·build·it" dccrip· 
tions of equipment. Covers reception and transmission . 

$2.50 

HINTS AND KINKS 
I ~ you .build .and opor110 an 1rn•teur n:dio station, you'll 
find lhJS • m19hty v•luable book in your shack and work· 
shop. More than 300 pruticol ideas. Sl.00 


