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The mes C . Sowers W 3BUL
47 Bet hlehem Pike
C olmar, Pennsvlve nle Transistor

Printed Cire

10 Meter

Converter
) ADIO amateurs who have hesitated going
" mobile because of the necessity of making
rtet-na l connections to the auto radio will find
lis x-sistor converter the answer to their long
waited dreams. It is also adaptable to the
rdio of the newer cars having the 12 volt bat
~ry system. The only necessary connection to

PARTS LIST

the a uto radio is through the antenna, and
t his is s imply a matter of plugging the antenna
into the converter and running a shor t piece
of coa xia l cable to the antenna jack of the
rad io. The normal auto antenna may be u sed
sa t isfa ctor ily if it is ex tended t o its full length,
but a mobile whip of the proper length will

V-I -SPST Slid. Switch
- Amp henol 50-239 eeexlcl conneclor
-(RCA Type ) Phono Connector
Itt. 9 " M Qllory No. TR-146R
Clnsistor Sockets (3) ElCO 3301
01-28 m e (over t one)

COil DATA

- 18 turns, # 26 E. wire tapped at 3 turns from bottom
end.

-18 turns, # 26 E. wire tgpped ot 3 turns and 9 turns
from botlom e nd .

·- 18 turns . .::26 E. wire t o!l'ped at 3 turns from bottom
e nd . The second a ry is one turn of :26 E. wire o ...e r
the primary with a p iece of plastic tope between.

.- Va r,.l oopstic k Lofo yet' e MS· l l or eq ui...alent. The sec
o nd a ry is 48 turns of =:;::26 E. w ire scra mb le wound
o...e r the primary w ith a p ;ece of plast ic tope b etween.

, l2 ,,"d l1 " re wound on Cambridge Iron s lug -tuned
LSS coil forms. Space w ind the coils to co...e r one
inch fo r wide tuning range .
Capacitors C7, C8 and C9 may ha... . to be altered
sl ightly for th. 15 m.ter bonet
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TRANSISTOR CONVERTER
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T. C. SOWERS, W3BUL
CHARLFONT, PENNA.

The Circuit

If we follow t he circuit dia g ra m of the x
sis t er converter in F ig. 1 we see t he antenn
is capacity coupled to t he antenna coil L
through Cl. The s ig na l is then fed from t h
tap on L l to the base of Ql which is the r
a m pli fi er. This signa l is then capacity couple
to the ba se of transistor Q2 w hich is used a
a mixer, and also to the ba se of transistor Q
wh ich is the oscillator. The s ig nal from th
collector Qa appear s across t he primary c
L3 and a por t ion of thi s is tapped off for Ieer
back through t he 28 mc crystal into the emitte:
T he oscillator inj ect ion is li nk coupled to th
emitter of t he mixer Q2 from the s ingle tu r
of wire over L3. T he cor ector circuit of t h
mixer t ransistor is t uned by L4 to t he if c
the auto radio. S tabilization is provided in th
emitter circuit s with r es istors R3, R7, and Ril

T he circuit beard, being the platform (
construct ion, mus t be made fi r st. T his is not II

difficult a s it may a t fi r st seem . W it h a l it t J

Fig . 2-Bottom View

give m uch better results a nd bring in the weak The wri ter has been using t he x-sistor COIl

signals . verter for sever a l mont hs on ten meter mobil
The early exper iments were made using the wor k with excellent results . A test has a ls

PHILCO MADT 2N502A and 2N1l58A Mili- been conduct ed side by s ide to a crystal COTI

tary t ype transistor. These transistor s will trolled and a well known commercial unit wit
oscillate well over 500 me but prove to be too comparable results. Several amateur friend
expensive for the a ver a ge amateur and also ha ve constructed the converter a nd claim sat is
a re m uch mor e valuable for f r equencies above fa ctor y performance and f eel that the cor
t he ten meter band. T he availability of the struction was a rea lly worthwhile project .
P HILCO MA DT T1832 a nd the T1 833 at $2.93
at t he t ime of t his writing makes the x-aist or
converter almost a s inexpensive to const r uct a s
it would to construct a converter us ing the
old fashioned, power consuming tubes which
t hey replace.

T he fi r st model u sing t he Military t r a nsist or
was constructed on a brass chassis a nd was not
crystal controlled . T ransistors a r e sensitive to
temperature changes and there was con sider
able chasing on t he auto r adio dial in order
to keep a signal a udible. T he fi nal des ig n is a
print ed circuit board, a crystal controlled oscil
la tor circuit a nd a self-con t a ined power sup
ply. The completed circuit board is mounted on
a 6 x 4 x 2 inch Bud aluminum cha ssis. T he
power supply is a Ma llor y No. T R-146R mer 
cury battery a nd is mounted under t he cha ssis.
The tota l current dra in for the x-sisto I' con
verter is 2.5 to 3 rna so the ba t t ery should last
for 3 or 4 months. The mea sured overall gain
was 28 db at 29 mc with a loss of 2-3 db at
28.5 and 29.5 mc. T h e gain m ay be increased at
either end of the band by peaking t he coils at
the des ired sect ion.

10 • 73 MAGAZI NE
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Fig. 3-Top View

patience a nd a couple of hours of effort a pro- and transistors a nd t emporarily mount t hese
fes sional look ing circuit board will be the part s. Following F ig. 2, apply tape r esi st
reward. cir cles and -1\ :" r esist ta pe as nearly as possible
l\ la te r ia l Lis t for Circuit Board to the drawing, being certa in enough spacing

1. Copper clad la m ina t e board 3 x 4 % " is permitted for mounting resistors and ca paci
( La f ayette Radio 1\18-512 or eq uiva- tors a s shown in Fig, 3 .
len t ). After t he r esist tape is com pletely applied,

2. T ape r es ist circles \}, " diameter ( L a f a y- 1'011 it down tigh tly with a r ound bottle or jar
ette Radio .:\1 8-737 or equiva len t ) . a nd the board is r ea dy for etch ing. P our etch-

3. Ta pe r es is t 11
1'. x 320" {Lafayet te Radio ant solut ion into a glass dish or pla t e. The

1\[8-735 or equivalent} . a uthor used a n old soup bowl which had a flat
4. E tchant 6 oz. (Lafayette Radio :\18-729 bottom. Immerse t he circuit boa rd into the

or equivalent). solution with t he copper up a nd ag it a t e s lowly.
Start with t he copper clad laminate circu it T he board m a y be removed, rinsed in clear

board mate rial a nd la yout a s per Fig. 2. T he wa te r a nd exa mined a fter a bout 10 minutes of
simplest method is to take Fig. 2 and place it etching. The process may have to be repeated
ove r the copper s ide of the boa rd with a piece seve r a l t imes, bei ng ca reful not to over etch
of car bon tracing paper between. Trace point s as t h is will t end to undercut the r es ist t ape.
one through seven for t he coil form s and the The ent ire etching time should be 20 to 30 m in
transistor mounting holes, t hen cont inue t ruc- utes in the solut ion. \Vhen all the e xcess copper
ing' the circles and connecting bars throughout has been dissolved rinse the board thoroughly
the ent ire circuit board. After tracing, it is a with clear water. To eliminate a ny possible
simp le matter of applying the tape resist furth er chemical action wash the board in a
circles to the circles you have traced a nd apply solut ion of one tablespoonful of baking soda t o
the i 'l " tape resist for the connecting bars . one pint of water for 30 to 45 seconds. T he re-
Af ter the resist t ap e cir cles are a pplied r emove sist tape may now be r emoved, and if the above
the sma ll centers which a re punched throu gh. instructions have been f ollowed closely you
By r emoving t hese centers, t h is will after etch- should have a nea t clean looking printed circuit
ing, leave sma ll centering points fo r dr ill spot- board. The next st ep is to drill a n: " hole
t ing. A pply a ta pe r esist circ le to the board for t hrough the center of each copper ci rcle for
spotting transistor and coilform mounting mounting components a nd drilling holes for the
holes. _ . co ils and transistor s. \Vhen drilling holes for

A not her method of constructing the circu it
board is to lay out a nd drill holes fo r the coils (Continued on page 59)

73 MAGAZINE • I I
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Inter na tion al Crystal Company has a whole
ser ies of converte rs which are so reasonable
t hat it is a sha me not to buy a set and build
'em into your st a t ion . All I did was put fou r
of them on one chassis, complete with a power
supply so it wouldn't be necessa r y to put a ny
extra drain on the receiver, install a n an
tenna and fi lament swit ching arrangement,
and I suddenly h a d the equivalent of a good
receiver. Since the output of these converters
comes in on the broadcast band you can con
nect the unit to just a bout any receiver and
get good ha m-ba nd reception.

T he 20, 15, 10, and 6 meter converters were
my choice. You may prefer to a dd t he 11 meter
Citizens Band converter and make it five
bands. Permission granted. Be sur e, when you
order your converters, to specify t he Be if
of 600-1600 kc .

T he only connection between this unit and
your receiver i s t he antenna. T his means that
you can u se th is with any of the ac /dc r eceiv
ers such as t he National SW-54 a nd the Hallt
crafter s S-38. Sensitivity shou ld r un better
than 1 micr ovolt , which is darned good.

Construction

10 15
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A Complete
I

Four

Band

Crystal

Converter

M ANY new hams start off their a mateur
radio career with either a low cost or

out-moded receiver. "You've got to hea r 'em
to work 'em," to coin a phrase, and these r e
ce ivers generally sou nd almost as if they 're
t urned off when you t une above twenty meters.

Dona ld A. Smith, W3UZN
Associete Edi tor.

One of t he simplest solu t ions to this problem,
other than shoveling the cabinet of the old
r eceiver f ull of dollar bills and heading for
t he nea r est dealer for a trade on a new Super
Band-Hanger DeLuxe, is to put some "hot"
converters in front of t he old relic a nd then
st and back.

A long slender case is u sed to house t he con
verters and power supply. This may appear
unusual, but it is less demanding on desk spa ce.
It may be placed next to t he receiver, bolt ed
under the desk, or in any other convenient
spot . T he converters are mounted on t he ir
s ides by means of sma ll r ight a ngle brackets.
They come with holes in each corner, so t he
printed circuit boards do not have to be dr illed.
T he converters are mou nted with the crystals
up and the terminals down close to the chas
SIS .
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Study the photogra phs for t he la yout of the
ot her parts , such as the power t r a nsformer,
s ilicon rectifiers, fi lters , etc. The a ntenna j a cks
(BNe connectors), are mounted on t he ba ck of
the chassis, a nd the off-on switch. selector,
switch and pilot la mp on t he fron t . Note that
sma ll coa x ca ble is u sed to connect each antenna
connector to its converter. Regular insulated
shielded cable (small) is used to connect the
output of each converter to t he selecto r swit ch
a s the losses at Be frequencies are not high
and t he shielded cable works fine . B+ voltage
from the supply is connect ed to the B + con
nection of each converter a nd the filam ent vol
tage is swit ch by t he band selector , 82.

Adjustment and Operation

The converters are aligned by t he manufac
t ur er , but with G meter s, where only a portion
of the band is generally used, an increase in
performance can be had by peaking t he t hree
coil slugs in the middle of the band you w ill
be using.

P erformance was increased by 12 db on ten
meters when the un it was used w ith an S-40B.
Quite a d ifference! T he unit is easy to con
st r uct a nd shou ld give the N ovice or Techni
ci a n no problems. If you want a four ba nd
conver t er you will have to build it , sin ce it
can not be purchased. lIl lll

o 000 0
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FM VFO Exciter
D. L. Cabaniss, WITUW
165 Matthews St.
Brist o l. C onn.

H A Vg you been list ening on 10,6, or 2 meters
lately? If so, then I'm su re you have

heard quite a few amateurs u sing narrow (and
wide) band FM. With the a dvent of all the
s u r p lus commercial FM gear now appearing
on the ham market , m any amateurs have in
sta lled t hese s in g le and multi-channel units in
t hei r au tomobiles . The advantages of mobile
F IVI cannot be a pprecia ted until you have tried
.t II .

Those familiar wit h the oper at ion of FM
equipment know that a FM sign al may be
tuned in on a Al\l receiver by tuning to eit her
s ide band ( slope detection) . However, t he re
verse is not true. An FM r eceiver will not
receive a n AM sig na l. FlU receivers a re de
signed to purposely "wash out" any a mpli tude
va r iations appearing on t he r eceived ca t- t- ier,
whether t hese va ria t ions be in t he for m of
noise or Al\'1 modulation. IF and limiter st ages
in FM r eceivers r un a t low pl at e volt ages and
are des igned to satu ra te above a sma ll s ign al
level.

All t h is boil s down to one f act; you can
hear t he FM mobile on your home st a t ion r e
ceiver, but t he mobile s t a tion will not be able
to copy your AM signa l on h is FM receiver.

The best wa y to solve this problem (other
than purchasing a sur plus FM t r a nsm it ter ) is
shown in the photograph; a cut-down version
of the 40 meter ARC-5 (BC-459 ) transmitte r
wi th a built -in reactance tube modula tor. It
t ook the author about th r ee evenings to build
it up and it performs like a million bucks.

However, to modulate this VFO wit h a r e
a ctance t ube proved to be somewha t of a prob
lem. Those fa milia r with the operation of a
reactance t ube modulator know that t he r e
actance tube is usually connected to the t uned
plate circuit of t he oscillator a nd the plat e
of t he reactance tube is usua lly a t t he sa me
r f and de potent ial as t he plate of t he oscil
lator. When the g r id voltage of t he reactance
tube cha nges (th is change in volt a ge resulting
f rom speaking into the microphone), t he plat e
cur ren t of t he r eactance t ube cha nges, t hus
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.a ng ing the current through the tuned plate
rctrit of the oscillator and shift ing the 08

lIator frequency. H owever , the oscillator plate
rcuit of the ARC-5 transmitter is at rf ground
.tent.ial through a .05 mfd capacitor (refer
the circuit diagram) . After considerable ex

·r iment ing , I wound up with a mod ified re
t ance tube circuit connected to the oscillator
id circuit.
T he maximum fundamental frequency shift
my particular un it is approximately + 1

. F eedi ng this unit in to the crystal socket
my A pa che, a nd multiplying up to 10 meters

ves a carrie r swing of ± 4 kc (8 kc band
dth ) . Above 29.000 me, wide ba nd F M is
r mi t t ed , so t he deviation control ma y be
n f ull open. H owever, below 29.000 me,
BF l\I must be used so t he devia tion control
a uld be cut back to produce a fundamental
cillator swi ng of .750 kc. This produces a
rrier swing of ± 3 kc «j kc bandw idth) on

11 meters. If the exciter is used in the 8 to
m e r egion for multipli ca t ion up to 6 meters,
termine t he carrier swing by mul tiplying
e oscillator swing X 6. If t he unit is used

2 meter s , multiply t he oscilla tor swing X
(i n the 9 me region) to determine the ca r 

ar swi ng at 144 me. (My particular unit ha s
e n u sed on 10 meters only, but if sufficient
ages of multiplication are available, t he un it
ould perform very well on both 6 and 2

meters) . The deviat ion control therefore ha s
a different setting for each band of operation.
The ARRL H a ndbook contains excellent in
formation pertaining to the calibration of F M
exciters. I t is suggested that the builder con
sult the H a ndbook and determine the oscillator
swing before u sing the unit on t he a ir.

Construction

You can build t his Fl\l-VF O without h acking
up t he BC-459, but it does make a nea ter u nit
if you do chop it in half . If yo u f ollow my lead
you will use t he variable condenser which is
attached to the fro nt panel to t une the VFO
a nd take out t he other one plus the fixed con
denser. Remove almos t a ll of t he w iring, lea v
ing only t hose w ires coming from the VFO
coil un it. It is a good idea to r eplace the power
socket wit h a regular octal tube socket.

Replace the 12 volt 1626 oscillator with a
6J 5. W ire in t he GAG7 r eactance t ube in t he
cente r socket and the VR tube in the remain
ing socket .

The photos show a lmost ever yth ing else. You
ca n put tape behind unused holes, putty them
in with metal putty, sa nd a nd pa int.

The repo rts I have r eceived w it h t h is ex
citer dr ivi ng my A pache have been very good
a nd t he FM mobiles ha ve stopped ca lling
QRZ? mrn
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Some Notes

On

Mobile Power
Jim Kyle, KSJ KXj6
Asssociete Ed itor 73

FOIt MANY persons, the problem of power for
a mobile r ig was solved a couple of years

ago with the introduction of t he transistorized
de-de conver ter and it s amazing efficiency.

For others, however, the transistorized
power su pply didn't prove to be the solu t ion
to the problem. This is the stor y of another
high-efficiency answer to the ever-present prob
lem of the mobile ham-power.

Though the t r a ns istor ized supply is admit
tedly vastly super ior to the older high-voltage
sources in both utilization of battery power
and in ease of operation, it does not permit
an appreciable increase in transmitter power.

Yes, with a good transistorized unit you can
run a lOO-watt mobile while dynamotors re
st r ict ed you to 50 watts and vibrupacks were
doing well to power a 10-watt peanut whistle.
But the difference between 100 watts and 50
watts is only 3 decibels, and t hat's less t han
half an S-unit.

Taking into consideration the relatively in
efficient antennas usually available for a
mobile r ig and the poor location conditions
usually encountered, it's not hard to see that
a mobile unit must have high power to be cer
tain of contacts.

If your only interest is gabbing with the
ga ng on your way to and from work each day,

this business of "certain contacts" may not br
importan t to you. However, if you ever plar
to use your mobile gear in civi l defense 01

disaster work, the more power the better. A ni
no one likes to be drowned out by a 100-wa t l
home station.

The limiting factor which keeps most mobile
installations below the 100-watt power level i!
the car's own power syst em. Almost 0(

st a nda rd generator will deliver more than 50(
watts-and this can only be attained at speeds
above those considered safe in urban traffic.

Of this maximum 500-watt capability, mort
than 100 watts are normally consumed by thr
auto ignition and instrument syst em. Another
150 watts or so go into the lights during nigh'
driving. This leaves only some 250 watts avail
able f or powering any accessories, keeping t he
battery charged, and running a ha m station
a nd t his is all calculated on the ba sis of 60
to 70-mph speeds. At 35 mph, t here's ulmos'
nothing lef t over.

At traffic speeds, you can see, t he mobil.
ham st a t ion must draw all its power from tlu
battery. T he battery will normally deliver abou
200 watts for one hour before giving up ani
quitting. Most mobile operators have alread
learned this, and carry a pair of heavy jumpe
cables \I... ith alligator clips to steal power fron

Fig. I-Schematic Diag ram, Alternator Installation
NOTES,
I-Use No. 0 electric-welder cable for th ese leads.
2-Use No. 14 auto primary wire for these leads.
3-Sc.hematic as drawn is fo r positive-ground syste m. For negative g round. move ground point to

black termi na l of rectifi er and reverse field-cell con nections.
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IF NO SUITABLE SINGLE-SEC
ONDARY TRANSFORMERS ARE
AVAILABLE - MULTI-WINDING
UNITS MAY 8E CONNECTED
AS SHOWN TO REACH 30 AMP.

1

2

PARTS IDENTIFICATION:
n, T2, T3-Sur~ IU5 400-cycle fil. XFM R, 120-volt pri.•

6.3 -vo lt see., 30-am~ sec. rat ing . Connect b a ck
ward.

D1 th ru D6- Silicon d iode5, 6OO-volt PIV, 500 mo.
Mallory 1N 2093 unih moy be conne cte d in
5erie5 to reach thi 5 rat ing, 05 can Audio Devices
30-85 unih.

ll - 1 hen ry choke (Me rit C-2996 or equ ivalent).

Fig. 2-Schematic diagram , 3-phase delte -wye
full-wave power supply for use with mobil e

alternator system.
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Tl A

not her car 's battery after an extended ses
ion on t he a ir.

These facts may seem to limit all mobile
quipment to t he low-power class ification.
l owever, there's a way arou nd them-a nd
hat's the thing t his article is all about .

The power limi t imposed by t he car 's elec
rica l system is traceable directly to the gen
rator. Shunt-wound de genera tor s are no
n-ious for poor curren t r egulation with vary
19 speed , and any de g enera tor is limi t ed in
urrcnt capa ci t y by t he brushes and com
iutator.

Neither of these difficulties are present in an
c system. For many yea rs, alternating-current
yst ems fo r automobiles have been a vailable.
'lanuf'actu rers include Delco-Rerny Division
f General Motors, and t he Leece-Neville Co.

Using an alterna tor in pla ce of the gen
rutor-, t he car's power system has a 300-watt
apa bi lit .y with t he eng-ine id li ng, a nd this
g u re rises to 700 watts at a speed of 20 mph.
t 's no wonder that police and emergency
ehicles have long used alte r na tors for power.
The main drawba ck to a n alternator sys

em ha s been t he cost. T he cur rent price of a
ecce-Neville 700-watt 12-volt unit, with do
--your self installatio n, is slig h tly over $250.
he Delco unit is slightly more expensive.
H owever , t hese p rices are for factory-new

quipment . Used a lt erna tor s can be bought for
ea nut s- a lmost.
Least expensive are the 6-volt units, which

re being advertised for 40 complete with
ectifle r a nd regulator and can occasionally be
lund cheaper (at one time the author was
fered three new a-volt alternators for $5
ach, complete) . Used 12-volt sys t ems ca n be
urchased for $85. Bes t place to check for
lese is in t he classified a ds of H a m Swap. If
ou ~nd none t here, a sk your local police-ra dio
apa irma n .
Inst alla t ion of an a lt erna tor is sim ple but

ir t y. Remove your old gener a to r a nd voltage
egula tor. Get a mounting bracket for your
iodel a u to from t he local Leece-Neville or

Delco d istributor (average cost, $5). Bolt t he
al ter na tor in place where the gener ator came
out, and install the reg-ulator in place of t he
old r egula tor. T he r ectifier ca n be mounted
either on t he fender 01' beh ind t h e g r ille, de
pending on space a vailable in you r engine
compartment.

If you get a new a lte r nator, it will include
a cable kit. A used one ma y not include the
cables. If you have no cable s , m ake t hem from
No. 0 welding cable to t he size nece ssary. Fol
low the schema tic d ia gram , Fig. 1, for rout
ing of wires and connect io ns.

If you r battery has been in ser vice for som e
time it will be best to replace it when you in-, .
s t a ll the a lter na tor . Get a good, glass-plate
unit, and you 'll never have a dead battery
aga in . Batteries wh ich have been allowed to
r emain purt.inlly di scharged, a s is the u sual
case wi th a generator-t ype syst em , u sually go
com pletely dead as soon a s t he high output of
the alt ernator hit s t hem .

With a n al t ernator installed, your auto
power problem is solved. But that's just half
t he s to ry-for ac, even 700 w a tts of it , won't
do much for your s ignal st reng t h. You're go
ing to ha ve to change it to de to use it.

Vibra pa ck s, dynamotors , a nd tra nsistor
power suppli es can all be u sed successf u lly
without worrying about battery dr a in, but
t here's a far cheaper way once you have an
alternator ins t a lled . Tha t ' s construction of a
supply which works direct from t he alt ernator.
E fficiency ranges higher than 90 percent with
such a supply, and t here's no wea r and tear
on the batterv or regulator either.

In a 12-volt'syst em, alternator output will be
14 volts, 3-phase, ac, and t he f requency will
vary from 80 to 1000 cycles as you speed or
slow t he engine. Conventional 60-cyc1e power
supplies don't perform well under these condi
tions.

H owever, a 3-phase h igh-frequency su pply
can be ea s ily built using mostly-sur plus parts,
a nd the combination of t he a lternator system
a nd the 3-pha se power supply will cost only



slightly more than would a conventional tran
sistor power supply to be used with conven
tional auto systems.

A schematic diagram of such a unit, de
signed for 500 volts output at 500 rna (enough
to power a 200-watt final and leave 50 watts
to drive the exciter), is shown in Fig. 2.

In building the power supply, su r plus 400
cycle transformers which can be obtained for
less than 50¢ each can be used for the 3-phase
step-up syst em. Proper phasing is essential
for correct operation. It can be assured if
identical transformers are used for the three
legs. Proceed a s follows:

Mark one secondar y terminal of each trans
former "1" and the other "2", taking care to
make sure that the corresponding terminal on
each transformer bears the same number (it
makes no difference whether the sta r t or fini sh
of the winding is 1). Mark the primary termi
nals "A" and "B" in the same manner.

Connect the 6.3-volt seconda r ies all in ser ies,
terminal 1 of transformer I to terminal 2 of
transformer II, terminal 1 of transformer II
to terminal 2 of III, and terminal 1 of III to
2 of I.

Connect all "B" terminals of the 120-volt
primaries together. Tape the connection. Take
output from the"A" terminals.

The delta-connected seconda r ies are con
nected to the three output terminals on the

alternator. The primaries go to the BOO-vol
silicon rectifiers as shown on the schema tic.

Note that very little fi ltering is necessarj
with this circuit. Input frequency varies fran
80 to 100 cycles, and the delta-wye circuit ha:
only 4 percent r ipple at the rectifier outputs (a
a frequency six times the input frequency). Fo:
many applications, ripple is low enough witl
no filtering. The choke and the .1 mfd capacito:
remove most of the residual 480- to 6000-cyd
whistle.

If a lower-voltage supply is desired, u se 0

12.6-volt transformers in place of the 6.3-vol
units will cut output voltage in half withou
affecting current capability. Rectifiers the:
need be on ly 300-volt PlV rating. A dual-vel
tage supply, convenient for operating exciter
receiver, and final from the same unit, is bes
achieved by use of a tapped bleeder as show:
in Figure 2.

This power supply brings an end to flea
powered m obile oper at ion by necessity-bu
it does have one small di sadvantage. It's this
The auto motor must be running for operatior
In most cases, this is all to the good anyhow
A fast idle is all that's needed.

Suggested final tubes for use with th is en
cuit include four 6146, 807, or 1625; tw
4X150A, or any others capable of taking th
high-current relatively low-voltage outpu
Happy mobifing l [1][

Cardboard Chassis
Jim Kyle, KSJKX/b

T RANSISTOR circuits, unlike th eir vacuum
tube counterparts, don't need large metal

chassis to suppor t the weight of the com
ponents.

This isn 't news to anyone who's followed the
transi stor - construction - project literature.
Nearly all construction articles specif y
punched phenolic ca r ds for the chassis.

However, punched phenolic is available only
by mail order in many areas, and in all cases
proves a bit expensive for the ham with a
limited budget. Here's a twist on the phenolic
card chassis which retains all advantages and
adds a few of its own. Use drafting board or
other heavy cardboard instead!

Like phenolic, paper board is lightweight
and is a good insula tor at the voltages, cur
rents, and frequencies genera lly encounter ed
when working wi th transis tors.

Unlike phenolic, paper board is easily
worked with scissor s and needles. Gone are the
tedious hours with finetoothed saw and file.

Drafting board, in the small sizes generally
used for transistor ch ass is, can usually be

obtained f or free from a f r iendly draftsmar
Lacking this opportunity, u se photo mountin
boards. They're available in 16 by 20 inch s i ~

from any photographic supply house caterin
to the advanced-amateur trade, for less tha
50 cents each. One mount board will turnis
chassi s for dozens of proj ects.

The only " special" tools needed to prepat
a chassis are a pencil, ruler, pair of scissors (
sha r p knife, and dividers or a large sewin
needle. The dividers or needle are used 1
punch component-lead holes.

First, cut the card to size. If you' r e pla.nnin
to put the fini shed unit in a Minibox or simils
case, cut the card % inch smaller than tl
inside measurement of the case. This a llov
room for mounting brackets.

Next, arrange the component s on the card l

you want them. Try to keep all signal-ca rryir
leads as shor t as possible.

When the layout sa tisfi es you, mark the pos
tion of each component and its leads on tl
card. It's helpful to transfer the schemat
diagram to the card after the layout is m ade-



marking all connections and indicating all
parts values . If you make the marks lightly,
there'll be no danger of shor t ing out com
ponents with the pencil lines.

N ow get out the dividers or needle and punch
all holes. Transformers can be mounted by
using a shar p knife to cut slots for the mount
mg- ears.

\Vith all holes punched, it's time to put the
components in place. Thread the leads through
the holes, and if necessary bend the lead flat
against the backside of the ca r d to hold the
part in position .

The final step in t his construction method is
the solde ring of all connections. Be su re to in
sula te bare conductors with spag hetti tubing
to prevent a ccidental shor t circuits. When
so lder ing se miconductors, use a pair of long
nose pliers between the semiconductor a nd the
solde r j oint to act as a heat sink and prevent
damage to the semiconductor .

That's all t he re is to it, basically. Her e are
some hints g a t hered through exper ience which
speed cardboard-chassis construction:

T ra nsi s tor sockets and ca rdboa r d chassis
don't go together very we ll. It's handier to omit
the socket and wire t he transi stor directly into
the circuit. T h ree sma ll holes for the transistor
leads hold the component more fi rm ly than
would a socket .

Connections to off-chass is elements should be
r outed through a bin ding post. Continual flex
ing of the lead can cause the wires to break.
A 6-32 by Vi inch machi ne scr ew through the
cardboard , with its head a t the back side of the
chassis, works we ll. Solder a wi re into the slot
of t he scr ew, using resin-core solder and a very
hot iron, to make the connection to the chassis
mounted components.

Circuit markings (terminal indications,
ident ifica t ion of transi stors or other compo
nents, etc.) hold up best if ma rked on the card
with Indi a ink rather t han pencil.

\Vhen all wiring is complete and every joint
soldered, a coat of clear plastic s pra y such as
Krylon Automotive Grade will protect the fin
ished project. If you need an especiall y-st rong
chassi s, g ive the ca r d three or four coa ts of
plastic spr ay before mounting the components.

All other details a re shown in the photo
graphs, which f eature the hands of K5QGO,
the chief announcer of our joint s tation . III III
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Fig. I-Half wave se ri es peak limite r.

T he ha lf-wa ve ser ies peak limiter's sche
matic diagr a m is shown in F ig . 1. It may be
buil t on a small ca r d chass is and inserted in
any rece iver a s ill ustra t ed in Fig. 2. Semicon
ductor d iodes work in t his circuit , but be su re
to use a unit with hig h back resi s tance such a s
t he IN54. The ba se-emitter j unct ion of any
common tra ns istor (2N I07, CK 722, etc.) a lso
makes a good diode fo r t his pur pose.

Fig. 2-Conneetion of se ries pea k limiters .

Here's how it works. The audio s ign al out of
the detector is fed t hrough t he input r esistor to
the d iode. When t he audio s igna l is less tha n
t he d iode bias voltage, t he d iode is conducting
a nd a ppear s as a short circuit . This lets t he
audio through to the output s ide , f rom whence
it proceeds to the rest of the r eceiver.

A positive peak s ig na l greater t han t he d iode
hias voltage drives the diode's cathode pos it ive
to its anode, swit ch ing it off. Ther e is t hen no

biased for switching a ct ion, connected in series
with the a ud io signa l path through the r e
ceiver . T his d iode circu it m ay be e it he r ha lf 
wave or full -wa ve.

P ARTICULARLY when operating mobile, a
good noise li mit er in your receiver often

ma kes t he d ifference between a contact an d a
•nour- rmss.

But what is a good noise-li miter circuit?
T his quest ion has fa ced every ham a t one ti me
or another, s ince nearly every published ci rcuit
has at least one major disadvantage or an
other.

As in many other questions, the only answer
to this one is, "It all depends on the s it ua t ion ."
The noi se limiter which one ham find s perfect
may be completely unacceptable to another
amateur because of differing requirements.

To help you decide which noise limit er is
good for your needs, here's a more-or-less com
plete list ing of the various circuits developed
s ince the days when S ignor Marconi tapped
out "Sorry, QRN" to his colleagues and sat
down to devise a way a round st at ic cr ashes.

Noise limiters can be classi fie d in sever a l
manner s , a s series or shunt , audio or if , etc.
Her e, they 're cla ss ifi ed a s peak limiters and
t rough limiter s, s ince each of t hese t ypes
ser ves a sepa r a t e pur pose.

T he peak li mit er removes s pher ic crashes,
key clicks, a nd ignit ion-noi se s igna ls from t he
receiver output, adding to the pleasure of op
erating. Virtually all limiters included in com
mercial gear fall into this category.

The trough limiter removes all s ignals below
a certain preset level and allows only signals
above that level to pass. It has no effect on ig
nition or other high-peak noise, but will remove
every trace of receiver hiss . When properly a d
j usted , it will pa ss more than 90 per cent of a n
a ud io s igna l while eras ing a ll background
norse .

P ea k limiters f all int o two broad catego ries ,
ser ies a nd shunt, a ccord ing to circuit con figu
r a t ion. Each type has it s d isadvantages and
its advanta ges.

T he ser ies pea k limiter genera lly does a
more effect ive j ob of removing signa ls above
limi ting level tha n does the shunt type, but it
does so at t he cost of increa sed distortion of
t he limited signa l.

T he shunt peak limiter is t he easiest to add
to an existing circuit without changes. Its main
disadvantage is a sma ll amount of leakthrough,
which shows up a s weak no ise pulses getting
through the limiter.

The ser ies peak limiter consist s of a diode,

°H 'l • .,., ~ A A ~ ... "7 .....:



LAST IF

any n oise limiter , if you use t ube-type diodes.
It incr ea ses r everse res istance and makes t he
t r ansition f r om conduct ion to non-conduction
mor e sharp.

Incidentally, the 'A L5 se ries of tube-type
di odes is genera lly su perior to t he ' H6 se ri es in

6 H6
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path for t he a udi o from the det ector t o the
rest of t he r eceiver, and the pulse peak is
limit ed. W hen the peak passes, t he diode r ecov
ers and r estor es the au dio pa th.

A nega t ive peak sig na l grea ter than the
diode bias voltage will not be affected by the
ha lf- wave limit er. However , nega tive-peak
a udio (which is positive-peak a t t he detector
input due to phase inver sion) is automatically
limited a t the detector t o zero. If t he incoming
signa l is 100 percent modulated, negative
peaks will pose no problems.

T he f ull-wave ser ies peak limiter, shown in
F ig. 3, was developed to overcome the lack of
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Fig. 5-Simple half wave shun t limite r.

ha lf -wave series li miter s ) .
The shunt peak limiter disc ussed t hus f a r

was, like it s se ries equivalent , confined t o
audio-peak devices connected to t he set a t the
detector output. This is not t he only manner in
which the shu nt peak limi ter can be used.

Shu nt audio peak limiter s can also be con
nected at the spea ker as shown in Fig. 6.
Sel en ium or silicon r ect ifiers with a t least a

TO AUDIO STAGES

lN3 4
ONLY PARTS ADDED.
TOEXISTING CIRCUIT fTIm

'"

Fig. 4-H a mmar lund li miter in BC-779.

noise-li miter service.
T he shunt peak limit er is connected in

pa r a llel with the audi o signa l path , r a ther
than in series. Like the ser ies lim iter s, it m ay
be either a half-wave or a f ull-wave circui t .

T he ha lf-wave shunt peak limiter shown in
F ig . 5 is proba bly t he si mplest and least ex
pensive noise limiter you can a dd to a ny set.
Wi th only two components, it adj usts itself
a utoma t icaIIy to var iation s in carr ier strength.
P ositive peaks a re limited t o a value twice t hat
of ca r rier voltage, while negat ive peaks a re not
affected (as expla in ed in the discussion of

Fig . 3-Full wave se ries pea k limite r.

nega tive-peak limit ing (whi ch proves a handi
cap if incoming signa ls are not fully m odu
la ted ) in the half -wave cir cui t.

Using nea rly twice as many components , t his
limiter cir cuit p rovides positive con t r ol of both
posi tive and negat ive peak levels. It is pr ob
a bly the most effec t ive of a ll peak- limiter
circuits.

Its oper a t ion is the same as the h alf-wa ve
version on posit ive p eaks. Neg a t ive peaks
above limi t ing level cu t off the other diode in
a similar f ash ion . Limiting level can be varied
from less than 10 percent modula tion to 100
percent modula t ion by adjusti ng diode bi as
volt age accordingly .

Another version of the ser ies peak limiter,
using a triode instead of diodes, h as been wide
ly used. It is s ta nda r d equipment on ma ny of
the older Hammarlund sets, notably the early
Super-P ro line, t he BC- versions of the P r o,
and the H Q-129X. The BC-779 vers ion is
shown in F ig. 4.

T his limiter depends on controlled cathode
temper atur e t o achieve it s effect, ra ther than
on biased-d iode switching . Alt hough it's a bit
more complex, it's a lso more effect ive tha n the
half-wave di ode circu it .

Incomin g signa ls a re p assed by t he triode in
ca t hode-follower f ashion so long as they a r e
below limiting level. However, pulse peaks are
stopped beca u se the tube ru ns into sa tura tion
produced by the lower-than-normal filament
temperature due to t he resistor, a nd by t he low
pla te volt age. Limit ing level is a utoma t ic since
plate voltage va ries wit h incoming carrier
strength.

The filament r esis tor to produce Iovver cath 
ode temperature is a good trick t o use wit h
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Fig. b-Speaker shunt limiter.
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in sever a l receive rs-notably, the Pierson and
the venerable SX-28 by H a llicr a fter s.

I n this circuit a sepa r a t e if amplifier feed s
a noise detector . The output of the noise de
t ector, at a level determined by the limiting
point adjustment, is f ed back to the fir st if
~tage t o cut the amplifier off in the presence of
a noi se pulse.

T he original circuit fed the noise detector
output to the if tube by direct coupling. This
allowed a st ea dy but st rong carrier a few kilo
cycles a wa y fr om the desired s ig na l to cut off
t he if s t a ge even in the a bsence of noise
pulses.

The Pier son version of t he La mb li miter,
wit h ac coupling f rom noise det ector to con
t rolled stage, overcomes t h is difficul t y . An
adaptation of t he P ier son-Lamb limi t er is
shown in Fig. 7. It may be built on Vect or tur
ret sockets a nd perma nen t ly mou nted in almost
a ny receiver.

Advantages peculiar t o the La mb circuit are
the su ppr ess ion of noise pulses before they
reach the select ive if circuits and cause ring
ing; an aImes t total la ck of audio distortion
common to most ot her limiters, and su ppr es
s ion of noise pulses ahead of the AVe line
which prevents noise from reducing receiver
sensitivity.

The major disadvantage of t he La mb circuit
is it s complexity. T he cost of inst a lling this
limiter will r un a pproximately twice that of
a ny othe r limit e r . The extra if st a ge also pro
v ides addit ional sou r ces of t rouble a s t he re-

•cerver a ges .
\Vork ing f r om t he sa me bas ic p remise st a ted

SPKROUTPUT

100 rna rating are recommended for this cir
cui t in preference t o tubes or sm a lle r crystal
diodes . T he full-wave circu it is necessary here.

The s pea ker -a tta ched limit er has t he advan
tage of s implicit .y , case in connect ion , a nd
adaptabili t y to a ny r eceiver without goi ng' in t o
the cha ss is . However, it s di sadvantages are
numerous: It does nothlna to the noise peaks
before they arrive at the speake r , thus allow
ing a ud io s t a ges to over loa d and to "ring." It
ha s no effec t on med ium-level noise peaks, thus
allowing much ignition noise t o get through.
Finally, it s limiti ng level is not adjustable, be
ing dependent solely on t he cha r act er ist ics of
the par ticular rec t ifier s used.

A nother point at which t he sh u nt peak
limi te r ca n be used is ahead of the detector,
in the if st a ges . Ma ny authorities recommend
tha t noise pulses be elim ina ted a s early in the
game as possible, thus a void ing overload of if
a s well a s audio st a ges.

The original if li mi t er was devolped more
than 25 yea rs ago by Lamb, a nd is sti ll in use

Fig. 7-Modifi ed Pierson-l amb limite r.
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Fig. 9-Conneetio n of IF shunt li miter.

y Lamb in 1936- that a noise limiter should
e a s close to the receiver input as possible
ther designers have developed if shu nt peak
im ite r circuits which over come most of the
.amb limiter's disadvantages. On e of these is
llust ru ted in Fig. 8.

TNS

Most operators prefer that their noise
limiters be au toma t ic. I t 's no trouble to make
the cha nge in the circuit. Since all circuits
shown are arranged for negative bias voltage,
the receiver A VC line provides a handy sou rce
of bias voltage.

If AVC is applied directly to t he bias-volt
age in put of the limiter, noise peaks will be
a llowed to rise to twice the peak audio value
befor e being li mited. T his is because t he AVe
level represents peak-to-peak value of a 100
percent modulated signa l, while the audio peak
value is never greater than half this amount
a nd frequently is as low H S 25 percent.

The best source of bias voltage for noise
limiters is obt a ined by r emoving the AVe de
tector load resi stor f rom the receiver and
r eplacing it with a potentiometer of the same
value. Bring the limiter-bias voltage off the
arm of the pot. Adjusting the potentiometer
will then give you limit ing at any point from 0
volts to twice peak a udio level.

For a vernier adjustment, use a poten
tiometer j ust half the value of the load resistor
and add a fixed resistor in series to restore the
or igina l resi stance. This g ives a range of ad
j ust ment from zero to peak audio level.

Before progressing from peak limiters to
trough lim iters, a word should be sa id about
the popular T NS developed by W 2AE F . Com
bining' noise limiting with squelch action, this
may we ll be the most popular of all limiters
for mobile Use.

So far as the limiting portion of the T N S is
concer ned , it's a full-wave ser ies peak limiter.
After limiting, the s ig na l is applied to a twin
triode which has different time constants in the
t\v-o plate circu its.

This tube is triggered by the switching ac
tion of the limiter di ode in such a manner a s to
prevent any portion of the noise pulse from
passing through. (Other limiters hold the pulse
to a level consistent with the a udio sig na l, but
leave the "stump" of the noise in the signa l. )

By adjust ing the t ime constant of one half
of the tr iode, t he T N S squelch level may be
set at any desired value.

Since it has been adequately described a t
length in Bill Orr's "Mobile Handbook" the
TNS circuit is not shown here.

Advantages of the TNS have already been
expla ined. Her e are its d isadvantages: Signal
in put level is cr it ical , in comparison to other
limiters. Any sig na l in excess of 10 volts pro
duces ser ious di stortion. I n addition, sett ing of
the squelch control is somewhat of a "hairline"
business. Set for too high a level , it prevents
weak signals fr om being heard. Set at the
critical point fo r weak sig na ls , it will be trig
gered by passi ng trucks and emit a raucous
burst of sou nd.

These points, however, are minor. The
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Fig. a- IF automat ic shunt peek limiter.

Operation of this limiter isn 't so obvious as
orne of the other circuit s. With a noise-free
nd steady carrier tuned in, there will be a
mall voltage drop across the if transformer
-t-ima r-y. The t wo .1 ca pacitors a r e charged
through the diodes and the resistors) by this
oltage.

Each capacitor a ssumes polarity opposing
urr-ent flow t hrough its associated diode. Un
er these conditions, the d iodes are open cir
ui t s across thei! transformer primary and
he limiter ha s no effect on the signal.

When a h ig h-ampli t ude noise pulse comes
long, though, the picture changes. The pulse
vercomes the bias on one of the diodes (which
ne depends on polarity of the pulse) and
rives the diode into conduction. I n this s ta te,
he diode is a virtual shor t across the if trans
or mer and virtually no sign a l gets through.
Vhen the pulse passes, the diode opens up
utomatically and the sig na l proceeds.
Operating as it does from the voltage drop

cr oss the transformer primary, this circuit
utomatica lly adj usts it self to varying signal
treng'th to pr ovide limit ing at t he IOO-percent
todulation point. Connections to any receiver
re sho wn in F ig. 9.

Note that peak limiters in Figs. 1, 3, and 5
r e shown with manually-controlled bias
oltage.

PL
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diodes can be converted to a trough limiter by
reversing polarity of the bias voltage).

Such a circuit, including its connections to
the receiver, is shown in F ig. 10. I t m ay be
bui lt on a card or phenolic "chassis" and per
manently mounted in t he receiver.

In operation, t he diodes are biased for non
conduction without signa l. A ny signa l voltage
lower in value than the bias level finds an open
circuit at the d iode and can not reach t he out
put st age. Bias level is chosen so t ha t random
noi se is just below t he bias-voltage value.

Signal voltage higher t han the bias value
f orces the diodes into conduction, thus closing
the circuit to the output st a ge a nd allowing
audio through.

That wraps up t his discussion of noise
limiter circuits , with advantages and disad
vantages listed for every type. With this infor
mation , you can now answer for yoursel f that
question, "What is a good noise limiter?"
Simply pick the one whose advantages, f or
your needs, ou t weigh its disadvantages, again
balanced against your own requirements.

If you want to go deeper into t he t heory a nd
design of noise limiters, a number of reference
works and articles used in t he preparation of
this article are listed in the bibliography.
Happy mobiling ! oorn

AUDIO
OUTPUT

·001
.S<

.,"
'"

IN34

,...
,0 r

Fig. IO-Trough limiter.

worst disadvantage of the TNS circuit is the
one it shares with t he Lamb limiter-circuit
complexity. With two tubes, a squelch control,
a nd two RC networks, it 's virtually impossible
to cram into an already-crowded receiver
chassis. Most users build it into a Minibox and
mount it near the receiver with long leads.
. Many noise limiter circuits not shown here

have been published. Virtually all, however,
a re variations on one or more of these basic
peak limit er circuits. Now, it's time to look at
the other classification-the trough limiter.

Trough Limiter
The trough limiter, an adaptation f r om com

puter circuitry, has m a de only one previous
appearance in print to the writer's knowledge.
T his handy little circuit erases background
noise but lets the audio signa l through .

This feat is accomplished by limiting, not the
peak level, but the trough value of the audio
wave. Inst a nt a neous voltages below the limit
ing level are su ppressed, while all above the
level go through.

This works with speech because of it s syl
la bic power content - the same reason that
SSB amplifiers have a high power rating and
that clipping helps increa se AM transmitter
talk power.

Experiments have shown that more than 10
percent of an audio signa l can be removed
without losing in t ell ig ib il it y. The trough
limiter removes only t he low-level portion of
the signa l- bu t at the sa me time eliminates a ll
background hiss.

Although trough limiters can be built in
either ser ies or shunt, half-wave or full-wave
configuration, only the full-wave ser ies circuit
proves pr a ct ica l for- communications work (if
you like to experiment, any peak limiter using

New
Products

World Globe
for Hams

Leave it t o All ied Radio to come up with the best
world globe deal yet. This is a 12/1 glo be which has
all of the country prefixes on it plus an arrangement
for you to put on a direction indicato r which wi ll give
you the direction and distance of any spot from your
OTH. The special pivot post allows you to cus tomize
the globe for your own locat ion. The globe rotates
in either a polar or equitorial plane. Price is only
$11.95 from Allied Radio, 100 N. W est e rn Ave.,
Chicago 80, Illinois.
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Measure

Your

Modulation
I F YOU'RE still us ing A M (as many of us are) J

you know that you must have adequate
nodulation level to achieve successf u l commu
nica tion.

)OIany conscientious hams use scopes to
-nonitor t heir modulation level and guard
against over modulat ion with it s consequent
splatter and chances of pink slips. Few, t hough,
have any idea just how great their average
modulation level is .

Here's a simple overlay sc reen for your mod
monitor scope w hich will tell you your modula
tion percentage a t all times. W ith t h is knowl
edge, you ca n t hen do w hat you like to raise
.he percentage as close to 100 as you dare.

To use the overlay, have a positive photo
zopy made at a commercial blueprint su pply
house, in the right size to fit your scope scr een.
I'he exact size you need is dete rm ined mainly
Jy your mod-mo nitor ci rcuit, but t he long , ver
iicul side of the trapezoid pattern must touch
the two outside lines of the overlay.

The illustration is printed in the proper pro
oort .i on for many mod-monitors. If the size is
-ig h t for your monitor, sim ply t r ace it f r om
.he page onto clear acetate, using India ink
md a fine-pointed pen.

w hichever route you take, when you have
.he finished overlay ready affix it to the face of
Tou r scope tube with transparent tape so that
.he dotted vert ical l ine and t he long line
nat-ked " 100" cross at t he ce nte r of t he t ube
rn d the 100 line is p arallel to t he hor izontal
lefl ect ion of the tube.

Turn on the transmitter and apply a test
one. This may be some GO-cycle ac coupled into
.he a udio from a filament line, or the out put
If a test oscillator. \Vh istling into t he mike
vcn't produce a steady enough output to adjust
he monitor.

Adjust the coupling between the monitor
·f input and the final until the vertical peaks
If the trapezoid pattern barely touch the "0"
ines of t he overlay. T he overlay may require
ad j ust men t up or down to make both lines
.ouch the pattern at t he same t ime.
If necessary, adjust the monitor's horizontal

rain control so that the point of the trapezoid
: 0 1' the shor t edge, if your pattern doesn't come
.ut to a poi nt) falls in the a r ea covered by the

.Jirn Kyle. KSJKX/ 6
1851 Ste nford Ave.
Sente Susene. Celij.

short li nes of the overlay.
Now all you have to do is note which over lay

line the shor t edge of the trapezoid rises to,
and read off modulation percentage directly.
Note that level s higher than 90 percent are
a lmost u nreadable-if yo u reach this level,
you 'll get out. Broa dca s t stat ions are only r e
quired to maintain a level of 85 percent.

H er e 's how the measuring gadget works :
By definition, the modulation percentage of

an AM sig na l is expressed by the formula
Ecrest - ztrough
ECl'est + Et r ough X 100.

Ecrest is t he peak voltage, and Etr ough is the
minimum voltage, during a modulation cycle.

The conventional trapezoid pattern of a mod
monitor portrays this relationship graphica lly.
The high end of t he trapezoid is a m ea sure
ment of pea k voltage, a nd t he low side meas
ur es m inimum voltage. A udio voltage fed to
the horizontal plates s im ply provides a sweep
directly proportional to the modulation cycle.

The overlay pattern is a calculation of the
values of minimum voltage for arbitr a ry
modula tion level s, in terms of t he peak voltage.

Therefor e, w hen peak voltage is adjusted-

(Continued on pa ge 56)

73 MAG AZIN E • 25



Some Hard Facts About Echo
Don G oshay W6 MMU
8352 We st lawn Ave nue
Los Ang e les 45, C a lifor nia

W ELL, the long-awaited balloon is now in
orbit, and a specta cula r thing it is. Be

fore I r ead the newspaper, I was aware some
thing big wa s up ( no pun intended) by the
space talk across the 144 and 220 me bands.
Soon I came a cross W6B UT and W6DQJ on
two meters making ready to try some balloon
bounce on 1296 me. Fine idea, I t hought, and
rushed about setting up the 4 foot dish and
the cryst al controlled rig on 1296 me.

After the balloon had cr ossed the sky and no
sig na ls were heard, ca lm again prevailed. I
began to wonder just how loud these signa ls
from 1000 miles out in spa ce should actually
be. I recalled doing some moonbounce com put a 
tions a few years ago and dug them out. The
moon return sign als were weak (on paper) , so
weak in fact , that only with high power out
put, la r ge antennas, and extremely sensitive r e
ceivers with n arrow bandwidth, could the job
be done. The W4AO, W3GKP, W6QKI, and
W2NLY exper iments a few years a go had
verified this. In fa ct, t hese brave fellows were
su ccessf ul in getting moon returns only a frac
t ion of t he t imes attempted.'

So, a simila r computation was made for t he
case of t he sa tellite . First , t he satellite was
a ssumed to be a perf ect spher ical r eflector
with a scattering cross-section equal t o a flat
disc of the sa me diameter.' This is actually an
accurate approach for a spher e of a ny wave
lengths in diameter . Next, I was in terest ed in
determining the st rengt h of my own r eturn
s igna l, and not that r eflected to some distant
s t a t ion . This does not involve too much er r or ,
but what er r or there is, is in t he di r ection of a
st r onger r eturn signa l. That is t o sa y, the
signa l reflected back into one's own antenna
will be somewha t stronger t h a n that which
might find its wa y into an antenna at a dis
tant point.

The sim plest way to begin t his sort of thing
is to r esort to the st a ndar d "Radar Range
Equation" :a
Path loss, including antenna g ain

_ (h) ' n' (1)
0' ;\ll GT G n

where
R = the dist ance to the sa tellite
'" = the scattering cross section of t he satellite
;\ = t he wavelength

GT = transmitting- an tenna gain
GR = receiving nntennn g-ain
If the antenna u sed to receive t he return

s igna l is the same a s t hat which transmitted
it, or if sepa r a t e but s imila r antennas are
used, Gt will equa l Gr and t hen the expression
GtGr ca n be called sim ply Gil. For a parabola :

(2) G ~ (.5) 4~,A - 2: :\ on:

G2= h~:\ 2 (3)
where A is t he physical a rea of the parabola.
Also, for a parabola:

(4) A ~ rrt AKI) A 2 _ rr:~'

where d is the diameter of the parabola. If (5 )
is subst itu t ed for A ll in (3 ) :

(6) G il = 4 1r
2

1r
2 d4 = 1r4 d~

;\4 16 4 ;\ 4

From the a ssumptions made r egarding the
sca t t ering property of the satellite :

".1)2
~= -

4

where D is the diameter of the sa tellit e.
If equations (6) and ( 7) are substit u ted for

GtGr and in equation (1), the foll owing is
the result a nd defines the total path loss :

Pt ~ PATH LOSS =
Pc

(4".)3 R' _ 1024 ~2 n' (8)
J'rD2 1r 4d 4 1r2])2d4

4 ;\2 4 ;\ 4

The ratio of the sig nal received to the signal
t r a nsmit t ed is the r eciprocal of this:

Pr ".21)
2d ' (9)

Pt = 1024 ~' R '

Equation (9) shows t hat the m ag nitude oi
the signa l received for a g iven amount ot
transmitter power will be directly proper-tiona .
t o :

1) The square of t he sa t ellite diameter.
2 ) The fo urth pow er of the parabola di

ameter.
The received signal will be inversely pre.

portional t o :
1) The square of the wavelength.
2 ) The [ourih. lJow er of the d ist ance be,

tween the antenna and the sa tellite
If equa t ion ( 8) is worked out for t he case

of ECHO I for 1296 me and 4 foot dishes , t he
result ind icates a path loss of at least 223 db

Now if some lucky ham has a 500 wat t out
put (not input) klystron on 1296 me, his r eturr
signa l will never exceed - 166 dbm when using

"1""\lI"' ~ HU·n 't'l l'
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Radiation Lab. S er- ies, McGraw H ill. Page 5.
3: "Reference Data (or Radio Ene-jnH n" Fourth Edi t ion,
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a -I foot parabolic antenna. If this same fellow
has a 1296 mc receiver with a 2 db noise figure
(assuming his parametric ampl ifier is working
well), and his if strip has a bandwidth of 5 kc,
he will jus t be able to hea r a signal of - 146
dbm. This mea ns t he s igna l he is looking for
w ill never be any bet t er t han 20 db ( 100 times)
below the r eceive r noi se level. This is provided ,
of course, t hat his antenna is t rackin g- t he
satellite per fectly.

T he situatio n could be improved , on paper.
by using a larger antenna . But this would nar
row the a ntenna beamwidth and complicate the
tracking problem sufficien tly to make it impos
s ible, except for the most sophistica t ed track
ing- systems.

The next question that m ight be asked is
"how does t his performance compare with that
when using the moon a s the pa ss ive reflector?"
\Vhile t he moon is m uch larger than t he 100
foot satelli te, is is 239 t imes a s f a r a way. T he
return signa l depends on the square of t he re
fl eeter diameter, but gets weaker by t he fourth
power of t he distance.

H'
Path loss a D2

(23!l) ' 32.8 x 10" "3(., - 6.3db
~ ( 2t 50 x 5280) 2 = 139 X 108 =. ... -

100
Thi s means t hat t he moon pa th loss w ill be

about 6 db less t han t he satell ite path loss , or,
in other words , t he received signal would be
6 db stronger from the moon. This is provided
that the moon had a s good a reflection effi 
ciency a s the balloon. In reality, it does not.
A rough guess would indica te the received aig
nal would be a bout the same in either case.

So if you ha ve been unable to communicate
via t he moon, t he foregoing analys is indica tes
you will be unable to do so via t he E CH O I
satellite with t he same equipment. The problem
is com poun ded by the satellite 's obvious ly
greater angular velocity across t he sky over
that of the moon.

If you would like to estimate w hat it would
take to communicate via the sa t ell ite. t he
charts given below will enable you to do so
without becoming- entangled in the astro
nomical numbers that crop up when using the
Radar Range Equation directly. In the ex
10m ple given above for 1296 me, the sig.nal de
ficiency was shown to be 20 db. F or different
equi pments and co nditions, add 0 1' sub t r a ct
the correcti ons shown on t he cha rt to the 20 db
deficiency. n

He re are the ba sic policies which will
g uide 73 .

We are not mad at anybody.Policy # 1:

Policy # 2 : Amateur Radio, in its dual role a s
a means of arousing- the interest

of young-sters and providing the basic training
for entry into the field of electronics, one of
the largest and most promising fields we ca n
see ahead. and a s one of the most important
means of communications between the peoples
of the world on a people-to-people basis instead
of thr ough the press 01' government channels,
is probably t he most important hobby in t he
world today. \Ve can keep it im portant by be
ing nvvare of what is going on in our hobby
and by being technically up to date. 73 Maga
zine is ded icated to bringing into focus the
frontiers of amateur radio. It will st r ive to
broaden the technical interes t of the amateurs
and to encou r a ge them to higher technical at
tainments and abilities by means of technical
and construction art icles written by t he best
talent available.

Policy # 4: It is our intention, the SEC per-
m itting, to open t he ownership of

Amateur Radio Publish ing', Inc., to interested
a mateurs so that the ownership of t he maga
zine can be w idespread and the magazine will
be truly owned and run entirely by licensed
hams. 73 is being run under a very t igh t econ
omy until the break-even point of 15,000 circu
lation is r eached.

Policy # :J: F ew talented writers have con-
tinued t o buck the pr esent syst em

whereby t hey either r eceive noth ing for t heir
efforts or else have to wait from one to three
years for minimal pay. 73 has established the
policy of paying for all accepted a r t icles with
immediat e cash. This seems to be bringing new
life to the field for we are r eceiving top notch
articles by some of the bes t authors in the
hobby.

Policy #5 : \Ve intend to e ncour age and pro-
mote the publ ication of bulletins

t o bring specia lized operating news of the
many facets of a ma teur radio : V HF, RTTY,
DX. Trame H andl ine , T V. etc. T he Club Bul·
leti n of Ma rvin L ipton V E 3DQX wiII be one
of t he fi r s t under t his program. This publica
tion, which is sen t to t he edito rs of a ll known
ham club bulletins to provide them with a
mean s of exchanging idea s, should be back in
business this fall.

Policies

(
I h lOO X ) '
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(
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moon path loss
balloon path loss
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"

Improving the

Signal to Noise Ratio of the

Conset Communicator

... a simple modification for a remarkable improvement

Bill Hamlin WIM CA
17 Post Gote Roo d
Hamilton. Mossochusetfs

•

T H E Gonset Communicator is certainly one
of the most versatile pieces of ham equip.

ment ever mass produced. I've used mine just
about everywhere and really enjoyed it. But,
a s probably happens to most engineers, the day
comes when a professional look comes into the
eye and some ser ious thought is g iven to hot
rodd ing it. This may be a na t ural phenomenon,
cr it may be a de layed result of readi ng about
417A converters and parametr ic amplifiers.

My Two Meter Communicator II I was placed
u pon the opera ting table, d isemboweled, and
a n autopsy performed on t he front end. It
became obvious that the destgners knew what
t hey were doing- and that a ma jor revision was
not practical. There wasn't room inside for a
parametric and it would be awkward to mount

it outside, so I looked further. An easy way
out came to mind: a better tube for the re
ceiver's front end. The resulting improvement
was beyond all expectations so I'm passing this
along for the rest of you to try.

Since \Vor ld \Va r II, t here has been an
ever increa s ing pr-essure on tube des igners for
imp rovements because of t he great and g row
ing complexity of electronic equipment of all
sor ts and the competition of transistor s . T ube
designers have met this challenge and, even
though there has been no r eal break-through in
electron tube theory, there has been many
st a r tl ing new developments in design tech
nclogy.

RF Tubes

Better performance of r f am plifie rs was
brought a bout in recent years by miniaturiza
tion a nd improved electrode design by modi
ficati on of prototype st r uct ur es. The cascode
circuit, such a s in the Communicator III front
end, employing two st a ges of triode amplifica
tion with a spec iall y designed double triode
tube seemed to be the culmination of engineer
ing effort for garden var-iety equipment.

A good rf tube should have a high-gain
bandwidth product and low noise which is a
result of high transconductance, low inter 
electrode capacitances a nd low noise resi st a nce,
In tube design this mean s closer spacing of the
grid to t he cathode for h igher transconductance
and finer g rid wires to hold capacitances and
noise to low values, A practical limit is reached
where the grid wires become so fine that they
can no longer adequately suppor t themselves
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and the spaci ng is too close for reliable ser v
ice without shor ts .

One approach to t he grid problem is to su p
port t he grid wires on a rigid frame, thus, t he
grid wires t hemselves do not have to suppo r t
t he st r uct ure. Th is is called a frame-grid tube
(See F ig. 2). With this t ype of construction
it is possible t o cut t he diameter of the grid
wires to one half that of the convent iona l tube
and a lso the grid may be moved closer to t he
cathode.

A New Tub e for the Communicator

One of the fra me-g r id tubes that is now
r eadily available is t he CBS ECC88 /GDJ8. It
is a double triode designed for cascode ampl i
fier ser vice. It will replace ma ny conventional
American tubes in t his class of operation and
provide super ior per for mance.

The ESS88/6DJ8 is tailor made to improve
performance of the Communicator III fro nt
end. It has a transconductance of 12,500
e mhos in typical operation with 90 vo lts ap
plied, while t he 6BZ8 originally used in t he
Communicator III has a transconductance of
on ly 8,000 «mhos with a pla t e voltage of 125
volts. T he lower plate vo ltage of t he ECC88
indicates lower noise output. I n compariso n,
if the voltage of the 6BZ8 were lowered t o
90 volts to reduce n oise its tran sconductance
would drop down to a bout 6500 «mhos. In ad
dition, t he ECC88's fra me-grid s t r ucture with
its fi ner grid wires r educes elect r on shot n oise
caused by the random impact of electron s
against the grid wir es .

To see what adj ustments were necessary
fo r subst it u t ion, when the characteristics of the
ECC88/6DJ8 were compared to t hose of the
6BZ8 it showed that only the plate vo ltage had
to be adj usted to obtain p roper operating con
ditions. In other words, shif t ing the pla t e to
a lower voltage brought all ot her pa r a meter s
in li ne so that the grid biases were properly
Class A without further adjustment. (Type
GBZ8 operates at Class A with 125v plate,
- 1.0 volts grid, and 10 rna plate current. Type
ECC88 operates with 90 volts plate, - 1.3 volts
grid, and 15 rna plate current.)

Reducing the voltage of each sect ion of the
tube was simply accomplished by inser ting one
ser ies resistor of 1200 ohms into the B plus
power lead. This takes care of both sect ions
of the tube as they are in ser ies in the cascode
circuit (See Fig. 1) .

One unexpected difficulty a rose in t hat in
st abili t y a nd oscill a t ions occurred in sever a l
places of the band. This was due to the slightly
higher capacity of the ECC88/GDJ 8. T he r eso
nant frequency of t he plate to cathode con
nected neut r a lizing coil (LI02) with the in
ternal tube capacitances must be lower than
the rece iver frequency. T he instable condition
was easily rectified by reducing the size of

NOVEMBER 1960

The ECC88/ 6DJ8 hig h- gai n twin triod e with
true frame-grid construction is now available
from C BS El ectronics, ma nufact uring d ivi sion
of Columbia Broad casting Syste m, In c. The
g rid itself is shown to t he left of the t ube.

coil LI02 to about one half of its or ig ina l
s ize. L I02 can be located going through the
shield between t ube socket pins 3 and 6. Either
wind a new coil of 4-turns and :JA inch dia meter
or cut the original LI02 . Further adjustment
ma y be necessary by s t r et ching t he sha pe of
the coil until no spurious oscillations are de
tected when tuning over the enti r e 2-meter
band.

After these changes are made and the Com
municator reassembled, t he inte rs t age r f t rans
former should be peaked with the rf trimmers
accessible t hrough t he two front holes in the
bottom of t he case.

The noise level with the new t ube is so m uch
lower than originally that it may be a lit tle
diffi cult to tune to maximum on the noise level.
If a noise generator is not ava ilable, then an
incoming sig na l may be u sed, pref erable a
s t eady low level s igna l. It shou ld be unneces
sa ry to touch the input st ag e as it is an un
t uned-br oadba nd circuit t hat is effected very
li ttle by slight differences in input capacity
between the original t ube and t he new tube.

The com pleted conversion is so good from
the noise st a nd point that most of the remain
ing noise is gener a t ed in the conver t er st age.
It would now be appropriate to work out a
reduction of noise in this area. 73
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P teturee processed by Joe Kwetnewsk! W9UTD.

O N E phase of our stimul ating hobby t hat
new a mateurs a nd a good maj ority of old

timers shy a way from, is t he building of re
ceivers. They see them as an octopus or as
something more frig-h tening and sh ield them
selves behind the old phrase, "It's cheape r t o
buy, so why rack your br ain? "

Th!s statement only ho lds water in cases
where each and every item of the pla nned
project necessitates fabrication by other crafts
men besides yourself, so even if you get a
bargain on construction, costs will mount up to
a prohibitive figure. But if man or boy leans
toward such past-t ime, bird watching would be
more advantageous than the choice of radio
as a hobby.
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It's surprisi ng to lea r n that a receiver is no
more difficul t to des ign and const ruct t ha n is a
transmitter or- any other electronic device if
it' s broken down into sect ions. It does look
com plica ted if you take a peak at the under
s ide of it and see the wir ing and the m any
associated components ; but so does a t r a nsmit
te r if you j ust gl impse at t he bottom of it.
However, if you sepa rate each t ube a nd their
components in to s tages and j ust exami ne each
stage in succession, a ll the mystery vanishes
rapidly.

T he receiver herewith described required a
lot of planning, numerous changes and some
borrowed tools before the completed unit was
buttoned up as a finished project, but believe
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me, it was a cha llenge a nd fun immensly en
j oyed, for there is nothing that will give you
more self sa tisf act ion than self ex pr ession in
your chosen art .

Actually this receiver was planned and built
around the xtaI cont r olled converters described
in the October issue of "73" and it is used a s
a double conversion tunable if that tunes 13 to
18 me. The sensitivity of t his if is better than
.1 microvolt on AM, st abiliza t ion t ime is about
10 minutes, and ba nd wid t h less than 3 kc a t
3 db down on AM a nd SS B a nd 150 kc on FM.

Reception of all modes of signa ls is possible
and a ll necessar y cont rols a re p rovided within
easy reach and a re .. . RF a nd IF Gain Con
trol, Anten na T r immer, Osc, Vernier, Tone
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Tri-Mode

Mon ito r

J ohn W onsowicz W9DUT
422 7 N. O rio le Avenue
Norridg e 34, Illinois

Cont rol, A V C S wi tch, H i-Z Output, External
Converter Output , etc. It has an illuminated
S-meter calib ra ted in S-units and micro-volts
a t the antenna input and an accurately cali
brated la r ge drum dial which is back-lash
proof.

The panel with a ll nomenclature engraved is
8%x 19" standa r d aluminum g r a y cr a ckle fini sh
that ca n be rack mounted.

The drum dial which is ma chined from a
solid piece of aluminum has eight ba nds of
calibrated scales, and a bove this drum are
eight 1,4 n lucite plugs inserted into the panel
wi t h numbers f rom 1 to 8 engr a ved in the
panel below them to des ignate t he band in u se.
These luci te plugs are illuminated by the sa me
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Schematic diagram I

ANTEI'jNA COIL
\o j-Ill llI""S Il ~' tN~..tc., CLOSE _ W NO

lI.-O l ~Nf~NN~ "ItNO'''~ - 4 TIIIlHll • • • 'l"'$1'C _'lit "'1 cO'-o UO)

ALL COILS APE CTC PLS~/a
to ,0

Iii ~ i CERt.MIC SLUG TUNED
•

R, F. COILS FOR TRH~OtJE: MONITOR

1I0 .....Tttt ""l(ll.,tO C"'''''COTOIlI

R. F. SEC
I IlOfOIl " 24 ....1 fIIU (4 Ill()f:Sj c- " OCIIFl t O T\lI'I'''G C ' ACITOIl

C'- "" 11 1Il'''Wf:Il$ 10 '

RF PLAT[ Ca ll

MIXER COil

1.$-24 T\JA,. . " 16 u ......n. CLOS E "WilD.

H F osc COil

l 4 2' TIIIlll 3 _ l6 r .....lIOI: l . CI.OSE " O\,IN(I.
H AP T ru'"'' FIIO" eOl,.O (11(>1

MIXER SlC

1 1101011 ' 24 .. "" ......~ 14 SIOEM

OSC. SlC.

2 " 0 10 11 $ .IT ONt tNO 0' e... "
...u,~ 16 ~'lIl S1 M.ll\'" e · 22_

,,· ....a.e - ..~lLOIlT laoc
~ a... OfG, ~ POlE, II 'oa'f"'"

n, ta, T3 ,-IJ, W, " lllElI)6l0'
1 4 -(.I. W. ...le lEII ) 6Z04 01$(;,

T~, TA, Tt- (J. W. "" LlER i l2 - 1l1

STA101l:

t OOK

'"
"'"A,I'j T CO.fl.l( t oo>

68A6

68E6
,

~ONPO

rco«"

" 00,.
6 C4

,

,II
'"

l~NPO

'"

4701(

:

-_::~' ;;;:r-,

,

u

/'1', ,,,,,,,,
/ L,,+-----------'I-------....--------I---c!

L --- ------ - ---J- --- - --- - - ------7
r,,

' NPQ 5Qr
,

, ,, ,
"

0 0

, '• 0
, 0
o

' 0 S Ui "~' ----

••

~ 0
8 0
<> 0 S i c 1>--'--,
• 0

o

o
• • 0

~o3 0' .- '>--+,,. .. -' 0 S18 ~

BA O \: !
.d,~ \j
~ Ne I
~ ,

o ,

STANCOR
PCS40~

SWiTCH ON
A.F CON':" "

"
"' '''f' CONN "

,

5Y3 10 K L ... ..-- r- tOOK D ANOBY
SWITCH

32 • 73 MAGAZINE NOVEMBER 1960



-Mode V.H.F. Monitor

,.

>t ,

'"

rco«

~ Jt

"

lOOK

'0.
I.

lK

'"

;f005
~

6BA6

sse ' M

'--------- .. MCOE SWITCH
MALLORY IN C

0'
VOLUME CONTROl.

6 AV6 6 AQ5

>

'"2'

'-<>-:t=J FR ONTPANEL
SPEAKER

~

RE AR
PANEL
SPEA KER

NOVEMBER 1960 73 MAGAZINE • 33



pilot lights that illuminate the scale of the
band in use .

T he signa l st r ength meter wh ich is a 0 to 50
micro-amp wide view ;Ph " Simpson mete r, is
mou nted upside down so t hat it will indicate
from left to right. This meter has a hand cali
brated sca le made of heavy bristol board
cem ented to the back of the or igina l sca le, and
above the meter is a meter zero control 'which
is handy for giving true sig na l st rength read
ing" usi ng zero noise r eference.

The S-meter and the drum dial are framed
by a n escutcheon milled out of a 3"xll"x %"
aluminum plate and spra yed with black crackle
enamel to match the rest of the trim. In this
fram e a piece of %" plexig'laas is mounted with
a fine line sc r ibed and fi lled with India ink in
the section of the drum dial only, and is used
as a ha ir line for the sca les .

Black handles were provided for ease of car 
r yi ng the r eceiver, also as means of protecting
the dial a nd knobs f rom damage.

Construction

It is es ta blished t ha t no two persons will do
the same j ob alike, therefo re , just a lig ht de
scr ipt ion covering the mechanical details will
be outlined, and a re as follows :

The main chassis of this receiver is shaped
on a brake generally found in the sheet metal
shops and is -h " thick aluminum formed with
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a ledge 1lh " deep and 4 %" wide on the back
end of the chassi s to house the seven converters.
The f ront part of this chassis is 31h" deep
with a lh" lip tur ned down so that it can be
fas tened to the front panel. The sides of the
chassis a lso have %" lips and are fa stened to
the side plates which in turn are secured to the
fro nt panel and serve as brackets. T he fi nished
chassis , as shown in the photograph, is 17"
long and overall width of 13" of which 8 %"
is 3 %" deep. All cut-outs are easily made since
that type of chassis can easily be held in the
vise. Afte r the chassis is formed, tube socket
holes are punched and necessary cut-outs made
with a hack saw blade or a nibling tool. Upon
completion, the chassis is given a lye bath a nd
spr -ayed with clear acr ylic (top only) for neat
a ppear ance. T he dust covers over the main
tuning capacitor and d rum dial are a lso t reat
ed in t he same manner.

The face of the receiver, which const itutes the
panel and a ll necessary cont rols, was carefully
planned and luyed out so that prope r fun ction
cont rols a re at the finger-tips and the asso
ciated circu it s nice ly grouped for ease of wir
ing. While most of the components on the face
of th is r eceiver a re standard, the mai n tuning
dial knob that drives the capacitor with the
attached drum was turned out on a lathe and
a standard 0 to 100 division 2%" dial was at
tached to it. Behind the panel of this dial is a
large brass inert ia fly wheel driving the main

NOVEMBER 1960



tuning capacitor. F a st excursion from one end
of the band to the other is possible by giving
the dial a few s pins.

T he drum used as the frequency d ial is ma
chined from solid stock and is 5" in diameter
a nd B" long. It is secu red to the end of t he
mai n tuning capacitor by a 5 / 16" coupli ng
which is fastened to the 5 /1W' drill-rod sha ft
running through the drum. T he drum has 2
pa r allel grooves and cla mps to fit, so that a
plas t ic or paper sca le can easjly be secur ed.
Those th at wi sh to duplicate the appearance of
th is receiver ca n subst it u te a cardboard tube
cr a tin coffee ca n for t he machined drum with
slig ht modifi ca t ions.

The hear t of t he r ece iver is, a s u sual, a
rrocd rugged tuning capacitor. Thi s one was
found in a su r plus store and modified to cover
the 5 me tuning range. The only information
available on this capacitor is the two numbers
ink st a m ped , D-227464-2 and W504. The de
scr ipt ion is as follows: T hree gang with right
angle worm drive. A nar-row dr um dial a bout
%" wide divided into ao divisions is mounted
between t he wide spaced sect ion and the ad
j acent close spa ce sect ions. T he first close
spaced sect ion has 7 r otor and 7 sta tor plates,
the second close s pace sect ion has 6 rotor and
fi s t a tor plates and the third sect ion, which is
deuble spaced, has 7 rotor and 6 sta tor plates.
The or ig ina l maximum ca pacit ies were as fol 
lcws : 1s t sect ion 152 mmfd, 2nd sect ion 115

mmfd and the double spaced section which is
used as the H F oscillator tuning had 88 mmfd.

A fter modification , which was removing
rotor plates only, the maximum capacities a re
as fo llows : F irst and second section 24 rn mfd
and osc. sect ion 22 mmf'd. This capacitor has
no stop a nd none was provided so that con
tinuou s tu ning can be achieved. The worm
drive mechanism was tried for back-lash, but
no noticeable effects were evident t h roug h the
nicely matched and spr ing loaded gears.

In the event t hat this capacitor cannot be
found, I would suggest that a ny t hree gang
rugged capacitor be used by stripping rotor
plates (those a re easier to take off ) a nd reduc
ing the max. tu ning capacity to a round 25
mmfd. Or dinarily only 1 rotor plate w ill be
used to get t he desired 25 mmfd r ange. Another
alternative is to u se three Hammarlund l\1 C
358 ca paci tors, cou ple them toget her with solid
brass coupli ngs and use a Millen No. 10012
r ight angle drive with a plannetary drive dial
or a reduction dr ive mechanism Millen type
10000.

Circuits

The 6BA6 rf s tage, besides being an ampli
fier, also doubles as a s ig na l strength indi
cator by inserting a properly sh unted micro
ammeter or milliameter in the cold end of the
rf coil L2 as shown in the schema tic. This
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stage is provided with the usual variable
cathode bias to control the rf gain and has
AVC applied to it s grid.

The antenna trimmer capacitor which is a
35 mmfd variable is in shunt with the first
section of the main tuning capacitor u sed to
tune the grid of thi s st age and does a fine job
of peaking.

The plate circuit is inductively coupled by
L2 to L3 the sig na l grid of the 6BE6 first
mixer. A small amount of capacity had to be
added for tighter coupling due to the spacing
of these coils which are independent of each
other and spaced th o on center. This is also
shown in the schematic.

Test points were provided in both stages a s
a bet ter means of metering during alignment
of the circuits.

The tunable oscill a tor is a Hartley, u sing
a 6C4 triode; it s plate r eturning directly to
the VR-150 r egulator. No negative co-efficient
ca pacitors were used for "stabilizing since the
sett li ng time is very shor t due to the air trim
mers, cer a mic coil forms and N PO ceramic
ca pa cito rs used in all rf circuits. A 15 mmfd
t uning ca pacitor in ser ies with a 1 mmfd
ceramic is added from cathode of the oscillator
to ground for fine tuning in the SSB and CW
mode. A small dia l is provided for it on the
front panel a nd it is engraved "Oscillator
Vernier."

T he fir st mixer is a st a nda r d mixer circuit
employing a 6BEG pentagrid converter tube
with a sepa ra te osc ill ator. The gr id coil L3 in
th is circuit has a ceramic fo rm and the 50
mmfd grid coupling capacitor is a ceramic
N PO.

The output of the first 6BE6 mixer is fed
through two stages of 4.5 me, if using 6BAG
as amplifiers. The cathode of the first if s tage
is brought to a if gain control on the front
panel, and its grid circuit tied to the AVe bus.
The out put of the second stage ties into the
6A U6 limiter stage ; this in turn drives a GAL5
discriminator. Negative voltage developed at
the junction of the lOOK resis tors is fed back
to the AVe line through a 1 meg isolation re
sis tor . Av e switch is provided on the front
panel to ground the AVC bus.

The out put of the di scriminator passes
through a RC filter to a closed circuit phone
jack on the fron t panel for HI-FI take off on
FM only. This j ack is eng r a ved "HI-Z Out
put". From this jack audio voltage is fed to a
two st age audio amplifier consist ing of a 6AV6
triode sect ion and a 6AQ5 power amplifier.

A t the grid of the second 4.5 mc if amplifier
a signa l take-off through a 10 mmfd ~PO

capacitor is fed to the signa l grid of the second
6BE6 mixer. This mixer uses a self cont a ined
crystal oscillator opera t ing on a freq . of 4238
kc and converting the 4.5 me signa l to the low
freq. if of 262 kc.

Two low frequency 2G2 kc if stages are used
f or amplification. These stages are very low

36 • 73 MAGAZINE

noise devise s due to their circu it r y. As shown on
the sche ma t ic, the ca thodes are grounded and
the plate and screen circuits oper a te at relative
ly low voltages. You will also notice that the
plate and grid circuits are shu nt connected
and are coupled to their respective if trans
formers by 3.3 mmfd NPO cer a mic capacitors .

This system proved to be very effective in
r educing the noise to the minimum and not
effecting the over -a ll amplification of the sig
nal. The seconda r y of the last transformer is
connected to a GAL5 which is used a s t he
second detector, AVC r ectifier and a very sim
ple but effect ive noise limiter. Here is another
ni ce feature that r eader s might enj oy : the
absence of ANL switch. In most cases known
to the autho r , such a switch is always in t he
" on" position. By choosing t he proper t ime
constant values in the ANL circuit for a com
promi se of audio quality and clipping the
swi tch was eli mi na ted.

At the secondar y of the last 262 kc if trans
former a sig na l take-off through a 12 mm fd
NPO ceramic ca pacitor is fed to the signa l grid
of another 6BEG conve r ter which is used a s a
product detector for SSB and a C\V mixer. The
or dina r y tunable BFO was replaced by a crys
tal oscillator of 262 kc which has the advan
tage of stabilit y. This fea ture is desirable in
SSB tuning since the only drift possible is in
the hf tunable oscillator, and that has been
taken care of as mentioned earlier in the ar
ticle.

The a udio from the product detector is taken
off t he plate through a RC fil t er a nd t ied in
with the AM second detector and the FM d is
criminator as shown on the schema t ics . This
audio voltage is capacitively fed into the .5
meg volume cont r ol which t ies also to a 5 posi
tion tone switch used for high frequency at
tenuation.

The output of the power amplifier trans
former is coupled to two speaker phone jacks,
one on the front panel and the other on the
back of the chassis. The front jack is used to
tryout different speakers , a nd such an a r 
rangement is quite handy at times.

The mode switch applies the B + to the par
ticular circuit in use and no unnecessary loops
or feed back was encountered in this t ype of
simple switching.

The power su pply is sta nda rd full wave rec
tifier, well filtered producing 220 volts at 120
rna. An additional 6.3 V a t 3 amp heater t r ans
former was added to take ca re of the additional
illumination and conver ters. An OA2 r egulator
t ube supplies voltage t o hf t unable oscill ator
and the bias for rf and if circuits.

In conclusion , a word a bout tuning might
be in order . A ve ry pronounced feature is evi
dent during excursions of the tuning dial be
tween signals. \Vith the audio control set at
mid point very little noise is heard in the
spe aker , then brace yourself when you tune
across a signa l. 73
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T H E USE of toroidal inductances, ,,,,'oUTId on
ferrite cores, is becoming increas ing ly pop

ular in critical appl ications where the charac
t eristics of st a bility , high Q. high inductance
to space ratio, low exter nal field , lack of prox
imit y effects a nd the ease of obt a in ing balance
in tightly coupled multi-winding unit s are de
s ir able . Probably the most common commercial
use is in the broad band input transformer
found in many TV tuners.

The ferrite core, to roida l inductor is a natu
r al for amateur VFO use. The high Q r equired
for such circuits a s the Clapp oscillator is
easfly obtained in compact assemblies and, de
pendent on the mounting arrangement, these
inductors can he made a lmost immune to vibra
tion effects. Such an application is described
in detail in the article, Automat ic T racking
l\lohiIe System, by Henry S . Keen, published in
the October, 1958 issue of Radio and T elevis ion
N ews.

There are many r eferences in amateur liter
a t ure r egarding t he use of toroid coupling
transformers in high frequency crystal filters.
The tight coupling that is obtainable and the
degree of balance that may be achieved by the
use of bifilar winding techniques ideally suit
t hem t o this application. Arnold and Allen in
t heir article, Some New Ideas in a Ham-Ba nd
Recei ver, publ ished in the May, 19GO issue of
QST, discuss the subject and point out a ready
sour ce of the high frequency toro id coil forms.
A s a point of in te rest , the use of f errite core
toroidal t r a nsfor mers is not limi ted to minute
power levels. The Technical Mater-ial Corpora
tion is using these cores in a 500 watt balun,
designed to match a 50-70 ohm trunsmitter
out put to a 600 oh m balanced transmission line.

One characteristic of f errite cor ed inductors
that may be put to good use is that the per
meability of the core, and thus the w inding
inductance, may be changed by flow ing a
modulating s ig nal or an adjustable de bias cur 
rent through eit her the s ig nal winding or a
specia l winding added f or t hat purpose. T his
technique was employed in the Ferri-Sweeper,
a sweep frequency s igna l generator designed
for the alignment of SSB filters . This instru
me nt wa s or igina lly described in the old CQ
SS E Ha ndbook and was expanded on in an
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Toroid

Coils
Roy E. Pefenberq
P.O. Box 84- 4-
Fort C layton, Cene! Zone

Photo taken b y Jim Gardner

article by Wilfred 1\1. Scherer, 'V2AEF, in the
November, 1957 issue of CQ. The concept of
de t uning, applied to the resonating of radio
frequ ency circuits, offers unl imited possibili
ties. I t is easy to visualize a complete multi
ba nd t r a nsmitte r or communications receiver
g a ng tuned by a s ing le potentiometer which
would vary the magnetic bia s of the ferrite
cor e inductors. T h is intrigu ing concept is de
scr ibed by Kulinyi, Levine and Meyer, in their
article, 8SB in Hi gh F requency Vehicula r Radio,
which was published in the famou s "Sideband"
issue (December, 1956) of Proceedings of the
IR E.

The advantages gained by the use of the
new ferrite cores are not completely without
cost. Available core materials are more or less
temper atu r e sensi t ive and compensation is re
quired for critical, f requency determini ng a p
plications. The techniques u sed in conventional
ci rcuitr y are effective in the case of the ferrite
cores and will not be detailed here. \Vhile the
windings of a ferrite core, toroidal inductor
are relatively immune to external electrostatic
and electr oma gnetic fi elds, th is is not true of
t he core proper. Care must be exercised in
the placement of t hese inductors in relation to
s t r ong magnetic field s and cr itica l circuits
shou ld be magnetically sh ielded. T his r equire
ment is easily met by the use of commercial,
plated st eel chass is.

One problem in the u se of these inductors
is the difficulty of mounting them in conformity
with good construction practice. The photo
g-raph shows one method of assembling a nea~,

workmanlike, elect r icall y st able and mecha;m
cally sound mounting. A s show n, the mounting
consists of a ceramic feed-through insulator,
t he center bushing of which fits snug ly within
the center of the wound inductor . This a s
sembly is, in turn, secur ed to a small cerami.c
post insulator with a brass screw. The top coil
t er minal lug is elect r ica ll y connected to the
scr ew , while t he bottom lug is insulated from
the screw by the u se of shoulder type fiber
washers inserted between t he bottom half of
the feed-through insulator and the ceramic
post. U se of the fiber cushion washers supplied

(Contin ued on page 561
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Five-Dalla r

Frequency

Meter
Jim Kyle KSJKXj6
185 1 Stanford Ave.
Santa SUSOM, Cali f.

W A N T to measure frequency down to the
last cycle per second'! Or maybe find t he

exact resonance point of that AF filter you've
just whipped together?

H ere's a gadget t hat can help you do either
of those, and more besides. RTTYer s will find
it handy for checking- frequency shift. Ex
perimenters can use it for measuring drift in
a VFO. And you will find many uses for it,
too , around your own shack.

It's an a ud io f requency meter , cost ing ap
proximately five dolla rs if all parts are pur
chased new and taking only about an hour to
put together (less t ime than that if you're
used to homebrew techniques) .

W hile many AF frequency meter s have been
desc ribed in previous articles, none ha ve a ll
the advantages of this pocket-sized uni t. De
s ig ned around the peculiar properties of most
transistors, it uses only n ine components
( a side from r a nge-swi t ching circuitry) , is
rugged , and f eatures high accuracy.

Befor e getting in to the construction of t he
little gem, let's take a look at how it works.

The basic principles of the direct-reading
a udio frequency meter have been with us for
at leas t 15 yea r s (see the references). H ow
ever, the limitations of vacuum t ubes and later

Fig. I-Simplified Di4gra m
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of vacuum-t ube-d irected design techniques
have kept the beastie complicated enough to
prevent many hams from building it.

T he block diagram in Fig. 1, adapted f rom
Te rman's E lectron ic and R ad io Engine.er ing,
shows the conventional circuit. Diodes Dl a n d
D2 limit t he s igna l to a definite peak value.
Capacitor Cl differentiates the limited signal
into posit ive- and negative-going spikes. D iode
D3 shunts t he negative-g oing spikes a round
the meter circuit, while D4 allows the positive
going spikes to pass through t he meter. The
deflection of the meter is directly proportional
to the number of spikes which pass through it
within a g iven time.

A s shown, t he circuit is simple enough . H ow.
ever, the usual input s ignal is small- and t h is
circuit requires spikes some 45 volts high tc
give an accurate indication.

P revious designs have solved the problerr
by fi rst amplifying the signal, then pa ss ing
it through a limiter stage, a nd fin ally d if 
ferentiating a nd measuring it. See a ny of t he
construction references for further details .

The five-buck speci al, on the other hand
uses the switch ing properties of transistors tc
a ccompl ish t he sa me pur pose.

Looking a t t he schematic d iag ram, F ig. 2
you will see that input signals go dir ectly b
the base of Ql through the 470-<>hm current
limiting res istor. Normally, since the base i:
not forward-biased, Ql is cut off a nd passe:
li t tle or no current . As a result , t here is n t
voltage drop in the 5600-ohm collector res iato
and the voltage at the collector is -9 volts.

\Vhen the negative half-cycle of an inpu
signal comes a long, however , t he pictu r
changes. T he negative input places For -wa r .
bias on the base, a nd when th is bias become
large enough, the transistor swit ches t
saturation. Resistance from collector to emit
tel' becomes less than one ohm, and the entir



-.
CALIBRATING R
SEE TEXT

SIB

0-

+

4 70

2N107

5600

·03
.Ql

SIA

.00

•

·000 3

2N107
470

•
A C INPU 1200

Fig. 2-This is the diagram of the del uxe model. For t he five-dollar special, omit all switches and
co mpone nts associa ted with the m. Connect a ca pacitor of proper value in place of SIA. Ranges are:
O FF, 30 KC, 10 KC, 3 KC, I KC, and 300 CPS. Mete r is 0-1 mao

supply voltage is dropped in t he collector re
sis to r . Collector voltage drops to zero.

Approximately 0.2 volts is the crossover
point for the 2N107 used in this circuit. This
makes 200 mill ivolts the smallest signa l which
can be measured. Upper limit is determined by
pu nchthrough voltage rating, and is about 10
volts f or this uni t.

We have seen how a squa r e wave is de
veloped at the coll ector of Q1 from a sine
wave input. Now let's look at the rest of the
circuit.

Capacitor C, the timing-reference unit, dif
ferentiates the square wave into spikes ex actly
as in previous circuits. These sp ikes are ap
plied directly t o the hase of Q2.

Q2 a lso act s a s a switch. P ositive-going
spikes simply reverse-bias the base and have
no effect on the collector circuit . However,
negat ive-going spikes tu r n the transistor "on"
f or the duration of the spike and allow pulses
of cur rent t o flow through the meter.

Since the amplitude of the spikes is m 
creased through Q2's switch ing action, an in
ex pensive meter is highly sat isf actory. The
circu it provides linear operation u p t o ap
proximately 10 mill iamps cur r ent flow t hr ough
the meter. Earl ier designs requi r ed movements
in the 1 ma to 100 mi croamp range f or linear
operation.

That's how it works. Now, to cons t r uction.
P erforated phenolic board makes a fin e

"chassis" f or t he two transi stors and f our r e
sistors used . I built the pr ototype on a sal
vaged printed-ci rcui t board given away a t an
electronics parts show. If you don't want to
st r ive for the u ltimate in minia turization, use
t hree-termin al tie points.

All the usual heat preca utions applicable t o
any transistorized const r uction apply her e.
Leave the leads long or use long-nose pliers as
a hea t sink bet ween the t r ansis tor and the
sold er j oint. Aside from that, wiring is not
cr itica l.

Fig. 3-To dress up t he freque ncy meter, use th is mete r face . Have a photocopy made in the exact
size to fit your meter d ial (t e ll th e photographer to pri nt it on Type A paper) a nd glue the copy
to the meter dial with rubber cement.

"'0o
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Fig. 4--Alternate calibrating -resistor circ uit
di scussed in text. Values shown for resistors
are for exa mple only-the exact value to be
used in each position must be dete rmined
afte r th e instrume nt is built as descri bed in
text. In this example. positio n I gives 220
ohms; 2 gives 22 1.8 : 3 gives 236.8; 4 gives
240.7, and 5 g ives 287.7. If necessa ry, switch
contacts can be jumpered to give ide ntical
resistances o r th e seq ue nce reversed to give
lower resistan ce on high er rang e.

Operation of the completed and calibrated
inst rument is simpl icity itself. Simply connect
its input to the u nknown signal source (mak
ing certain that no de is pr esent; if in doubt ,
use a transf ormer or a coupling capacitor),
crank the gain up until the reading becomes
steady, and read the meter.

Gain must be cranked up for this because
the input transistor acts like an amplifier in
stead of a limiter for signals smaller than the
200-millivolt turnover point. You will also find
that the reading increases as gain goes up,
u nt il it reaches a point at which it comes back
down. If you increase the gain still more, the
needle backs off to a point and holds steady.
T hi s is the propel' indication .

Reason for the variation in reading is this:
When the gadget fi rst starts limiting the input
signal, it merely cli ps off the top of the nega
tive half-cycle. Thi s produces a pulse-type out
put in stead of a t r ue squa r e wave. The pulse
output acts, to the meter circuit, like a com
bination of a high and a low frequency. The
needle responds by wavering. When proper
limi ting level is reached, the needle is steady
as a r ock.

Since this freque ncy meter is current-op
erated rather than being voltage-driven, be
sure the input can supply a little power. A
half-watt is enough, but purely-voltage sources
(such as the output of a hi-fi preamplifier)
simply won't operate it, even though the volt-

(C ontinued on pa ge 54)

On a mu lti-r ange meter, you may find it
easier to get the exact res istance value needed
by connecting a number of small resistors in
series. 'Vhen you do this, you may be able to
cut down the number of resistors used by not
ing the resistance necessary for each range,
then making up the smallest resistance first.
Add just enough to it to reach the next higher
value, then enough more for the next , a nd so
fo rth. Bri ng out taps to the range switch. A
glance a t F ig. 4 may make this clearer.

If you're building a single-range frequency
meter , t iming capacitor C can be placed on t he
circuit board also, as can calibration resistor
Rc (when its value is determined as described
later). F or a multi-range meter, these com
ponents should be mounted on the range
switch.

w hether you are building a single-range or
a multi-range meter, leave the calibration re
sistance out of the circuit at first. It will be
permanently con nected la ter , a f ter its exact
value is determined.

If you' re building a multi-range meter, you
can use the meter f ace shown in Fig . 3. Sim ply
have a photocopy made, t he proper size to fi t
your meter . F or a single- r ange meter , pick
the basi c movement to show the same values
as the f requency range you 're interested in
that is , for a 0-3 kc meter range, use a n 0-3
milliammeter, etc.

Once t he meter is built, calibration comes
next. ' V\VV provides a handy source of 440
and OOO-cycle tones, but be wary of frequency
distortion caused by multi path transmission
of the signal. A reliable GO-cycle calibration
note can be obtained from the secondary of a
filament transformer.

However , the method used on the original
provides a number of tones in the range of
inter est , at very low cost. A hi -f f requency
r ange test record, such as t hose distributed by
Cook Records or RCA Victor, is placed on
a convenient recor d player and t he f r eq meter
is hooked to the speaker leads. The result is a
la rge number of calibration points f rom 15 kc
down t o 50 cps.

S ince the sca le is completely linear on each
r ange, only one calibration point per range is
necessary. If a ll capacitors in a multi-range
unit are within 1 percent of the marked value,
only one calibration is necessary for the en
tire instrument.

However , since you can buy five 5-percent
resistors far cheaper than the difference in
cost between 20-percent and I-percent capaci
tors in the range needed, let's use the 20-per
cent capacitors and calibrate each range
individua lly. If you're build ing a single-range
meter, simply stop when you've calibrated your
si ngle range.

T o calibr ate the u ni t , j umper in a 500-ohm
r heostat ac ross the meter using t est leads.
Con nect the freque ncy me te r t o t he calibrat ion
sou rce you're usin g. Adjust the rheostat un t il
the meter needle indicates t he proper fre
quency (such as .6 if you 're using a 0-1 mil
liammeter for a freq meter on the 0-1 kc
r-ange, with GOO-cycle calibration tone) .

Disconnect the r heostat without disturbi ng
its setting and measure its resistance with a n
ohmmeter or bridge, if you have one. Select
a %-watt resistor with the same resistance
and connect it in the unit.

Repeat this procedure for each range of the
meter. That's all there is to it.

•• _.. • .. .... ~ "'7 . .. , ..
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TIIB ANTENNA SYSTl<~M which you are to r ead
about should not be considered a s the a n

swer to all problems. It was conceived with
two basic thoughts in m ind, and a s t he ex
periment progressed other a dva n t a ges became
a ppa rent .

The first and probably uppermost in all ham
minds is the spa ce necessary to swing any
type of r otating device. This has ca used the
recent swing to "Short a nd Loaded Beams,"
which we now see on all s ides. It has long been
understood that we do n't get somet hing for
not h ing- the shor t or loa ded beams are no
exception. T o t r y and reduce the over-a ll span
and yet retai n the actual r adiat ion surfa ce wa s
what we needed .

The second problem was one of obtaining a s
good a pattern a s possible with some gain and
front to back ratio. All of this, cheap and light
at the sa me time, u sually makes t he average
ham spin his sprockets rapidly. Oh yes, we
would also like this g a dget to match a 50 ohm
coaxial line over sa y 300 kilocycles .

...-rMETAL ELEMENTS'-..

RG8U.,
RG58U

-.
ROTATOR

MECHANICAL VIEW

NO VEMBER 1960

/

RG8U.,
RG58U

e::.- ANY LENGTH

ELECTRICAL VIEW

w. G . Rommel. W 6EHY
8508 Tre sk Ave nue
Pleve Del Rey, Celtfcrnie

Now t hat we ha ve looked t he problem over,
let's see what can be do ne. T he best place to
st a r t is wi th our old f riend t he center fed
dipole. Let's for t he sa ke of sim plici t y , st a y
on 14 megacycles a s we proceed. The dipole
for 14 megs gives a length of 32' give or take
a few inches per your pet formula . In trying
to arrange this long piece of pipe to consume
less spa ce and not fold back on itself with the
resultant loss of radiation area, you a re soon
left with one conclu sion . T he ends must be
moved closer together . when we do t his, what
ha ppens to t he antenna a s a r a d ia tor a nd how
far ca n one go before t he whole thing fa lls
fla t on it s f a ce ? By t he u se of a sca le model
and 500 megacycle r f we can find out a lot of
information w ithout d r iving t he neighborhood
crazy. The feed impedance of a center -fed ha lf
wave dipole antenna is roughly 75 ohms. A s
the two quarter-wave sect ions are moved to
ward a right angle, the feed impedances drop
down until , at the r ight angle position , t he feed
point becomes approximately 54 ohms. Once
t he r ight angle position is reached t he feed
im peda nce will cha nge rather rapi dly a s t he
a ngle of t he elements is cha nged a few de
g rees either way. The DO degree pos it ion has
a n im peda nce which looks very happily in to a
piece of 50 ohm coaxial cable. Fur ther invest i
gat ion a lso shows t he " Q" to be on t he r ight
s ide for good band wi dth. 'Ve now ha ve a fu ll
length radiator , which does not t hrow a
sha dow a s large a s i t did at the s t a r t . 'Ve
a lso are now in agreement with the cable
which we all love to use.

r know that at t h is point there a re some
who w ill wa nt to close the angle more a nd
r educe the sha dow, but let's not push t h is
thing too f a r because a ll you will do is make
a tuned feed line with ve ry low radiat ion
efficiency.

Well ! Now t hat we ha ve t h is fine looking
device, let's see what happens when we pump

IContinued on page 57)
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Conste llations as they appear arou nd 2 100 local
time in June. Note 2 deg. dia meter circle de
scribed by Polaris as earth rotates abo ut True
North. True North is one deg. from Polaris

J UST about a ll amateur radio operators a n d
astronomers know that Polaris, the North

Sta r, is near the point of True N orth. But just
how close is it to this exact point and how can
True Nor t h be found from Polaris?

Specifi cally, Polaris is a lmost one degree
(55.4 minutes of arc) away from true north
and as such describes a circle of two degrees
d iameter a s the earth rotates once ea ch 24
hour s. Anyone interest ed in a ligning a high
g a in antenna or telescope must know how to
make cor rections t o a lign t heir instrument to
t he true point .

Figure 1 is a sketch which shows a line con
necting the constella t ions Ursa Major (Big
Dipper) and Cassiopeia and which passes
through Polaris, the first st a r in t he handle
of t he Little Dipper.

The line connects the first st a r in the handle
of t he Big Dipper and the first sta r in Cas
s iopeia . The important point to note is that
True North li es one degree (55.4 min.) from
P olaris toward the Big Dipper (or away from
Cassiopeia). True North must then be trans
ferred to a ground base line by means of a
su rveyors transit for u se with antennas which
rotate in azimuth only.

Finding

True

North

Calvin R. Graf, W 5LFM
207 Addax Drive
San Antonio I, Texas

While the Bi,gl Dipper is quite well known,
Cassiope ia has not enjoyed this popularity ex
cept with radio astronomers who know Cas
s iopeia A a s a sour ce of inten se radio noise.
During ea r ly winter nights, Cassiopeia ap
pears a s an M and in summer a s a W.

The Big Dipper and Cassiope ia will be above
the northern hemispher e hor izon only during
certain hours and certain months of the year.
The easiest cor r ect ions can be made when the
connect ing line lies horizontal or vertical.
Some time during the n ight, r egardless of the
season , t he Big Dipper or Cassiopeia will form
a st r a ight vertical line wi th Polaris. This hap
pens around 2100 loca l t ime in early June
and 2100 local time in December.

In June the correction is one degree from
Polaris toward the Big Dipper. In December
the correction is one degree from Polaris away
fr om Cassiopeia. In both cases the correction
is in a vertical line. Correction at ot her t imes
(and therefore a ngles) when the line is not
ver tica l is more difficult because of t he gyrat
ing action of Polaris. U sing this m ethod, True
N orth can be found within a few t enths of a
degree of arc. 0000
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Tota l $4.61
This is based on use of a moving-vane mete

and no r ange-swi t chi ng features. U se of
d'Ar sonova l movement and a range switch wi.
boost t he cost a bit, but it w ill still be vel'
reasonable for such a versa t ile u nit . Have f u
with t he f r eq meter , a nd happy homebrewing

References

ca use it was f elt unnecessary.
That 's a ll t here is to it---except j uatificafici

of t he "F ive-Doll a r Frequency Meter " n ame
Cost breakdown for a single-r a nge uni t is:

2 2N I07 T r ansistor s $1.80
1 0-10 rna. meter 2.06
4 %-watt resisto rs .60
1 200-volt ca pacitor .15

Fig . 5-This ti ny preamplifie r may be a dd e d to
t he in put of the f re q ue ncy meter to inc re a se
th e met er's a bili ty to indi cate frequency of
vclte qe -cnlv so urces . The e mitte r-Follower cir
c uit ha s an in p ut imped anc e of nearl y half a
me g ohm, red uci ng loa d ing effects, a nd pro
vides more t han 10 db c urre nt gain , which will
more th an full y drive the fr equency meter fr om
a ny ord ina ry sig na l. A ny sma ll transistor-typ e
int e rst a g e t ransformer may be used ; its pr ime
purpose is t o keep a ll dc o ut of th e frequenc y.
meter input.

(FREQUENCY METER h om pege 401

age is fa r above the 200-millivolt level. If th is
see ms a di sadva ntage, it ca n be over come by
put ting an emit t er -follower amplifier ahead of
t he limit er cir cui t a s shown in Fig . 5. This
amplifier wa s omitted in the prototype be-

10 ARDLOCK PLACE,
WE BSTER, MASS.
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TAPETONE, INC.

T APETONE ' S NEW

W T C -4 3 2 ,

3 / 4 METE R .
L O W _NOIS E .

C R Y S T A L.

M IXER

C O N V E R T E R

NOW

$59.50

MODEL
A12/600/200

SPECII"ICATIONS ,

NOISE FIGURE : 6.0 DB
GAIN , 20 DB
IMAGE REJECTION , GREATER THAN !SO DB
IF REJECTION , GREATER THAN 80 DB
TUBE COMPLIMENT : IN2IE , SBC4 , 6BC4 .

12AT7, 6AKS

STANDARD MODELS AYAlLABLE,

WTC-432 IF OUTPUT FREQUENCY 50 ·54 MC .
WTC-432A IF OUTPUT FREQUENCY 51·55 MC .
WTC-432N IF O UTPUT FREQUENCY 3 0 . 5 · 3 4 . 5 M C .
WTC ·432C IF OUTPUT FREQUEN CY 28 .32 MC .

PRICE $119 .5'3 (ANY MODEL)

ALSO AYAILABLE , WTC.1296, PRICE $134.150

MOBILE
POWER
SUPPLY

Th is a d va nced d e sign app roach, se ldom u se d b y
ama te urs but w id e ly used in com mercia l UHF recei ve rs,
a chi eve s o uts ta ndi ng performance . It co ns ists of a
d oub le-tun ed ca vity p reselec tor, fo llowed b y a crys tal
mixe r a nd low -noise IF preamplifie r.

This 12V input d c to dc transistorized converter is

conse rva tively ra ted for continuous output of 120

watts 01 60 0V or 30 0V, o r any combinotion of 6 00
a nd 300 volt loads totaling 120 watts.

High e fficiency, sma ll size, and light weight, plus

fre edom from maintena nce, conserve your bottery

and increase the enjoyment of mobile o perotion.

ELECTRONICS DIVISION
GLOBE INDUSTRIES, INC.

525 MAIN STREET

BEllEVILLE, NEW JERSEY

Basic The ory

R lee t rontcs l\Ta j!"nzine• .Ja n ua ry , l!l45.
Elect rente Measurem ents, n . 22a, F. E. T er m a n and J. ~

P etti t , McG r a w-H ill Book Co.. I nc ., New Yor k , 195:
Ba sic E h·ct ron ic Teat Instrum ent s , p p . 200·203, R ufu s 1

T u r n er . Ri n eha r t & Co. , New Y or k .
Electrentc a n d Radio E nR ineu in l!" , F ou r t h Edition, PI

606 a nd 662, 1-' . E. T erm an , McGraw· H iIl Book co
In e. , New Yor k, 1955.

T ransis tor Manual, Puu rtb Edition. pp . 89-91, T h e Gel
era ! E lect r ic Company , 1959.

C o nstruction Article s
It edlo and Television N ew s. F ebr-u a r-y, HI51, n. 54. Ru{\

P . T u r n e r (A C operated instru ment).
Radio_El ectroni cs . Feb ru a ry , 1952, p , 25, H . O. Maxwe

( AC operated in s t r u m en t ) .
Th e C-U CalJa ci to r , j-'ebrua rv, 1!)S6 (B a t te r-y operate

w it h t ubes) ,
CQ Ma R"azine, .Junu urv , 1958, n . 72 (T r-an ais to r-iaed il

at rument}.
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YOUR KIDS WILL idllJ
(if they can get this Key
municator':ID away from you)

This is a hand key, complete with a built-in
transistorized C\V oscillator, long life battery
( also built-in) and an earphone. Great for
learn ing the code . . . will transmit over wires
for miles to Friends . . . o r can h e used
on VHF hands for send ing IC\V. Comes
mounted on a g" x 12" base with the Morse
code printed on it and a supply of message
blanks. Ready to usc. Any number may be
co nnected together.

. . . at your distributor . .. $9.95

DOW·KEY COMPANY
Thief River Falls. Minnesota

new!. ..coming in N OJJe1Ilber

CLIMASTER
MERCURY

CLIMASTER
ZEUS

T hree ye ars of d evelopme nt and fi eld testing
were requi re d to produce t hes e worthy successo rs
to the Climester 62T1 0.
Note some of th e advantages you get wit h t hese
new units :
• Dual Band Cove ra ge .. . 6 a nd 2 me te rs
• Self Contained STABL E VFO
• Com pact, Mod ula r Constr uctio n
• Au tom ati c Mod ula ti on Co ntrol
• Hig h Leve l Mod ula tion
• Hi g h Effi cie ncy TMk C ircuit s
• Ease a nd Conve ni e nce of O peration
CLiMASTER MERCURY 200 Wolfs AM Co rrier Output
CLiMASTER ZEUS . . . 90 wens AM Corrier Output

Cle" D I~~~~:::C~~~ ~~c.
Rt. 53, Mt. Tabor. New Jersey • OAkwood 7-6800

-

(MODULATION Irom pa ge 25)
by means of varying coupling to the final
so that its trace just touches the 0 lines, t he
minimum voltage trace will be directly propor
t ional to modulation per cent age which can then
be read directly from the overlay.

When you use this gadget, you'll fi nd that
your "modulation level" on CW will read 33.3
percent instead of O. However , the pattern will
not r each to the 0 line at any time on CW
unless you readjust the coupling to the final.
T he additional voltage necessary to r aise t he
pattern from 333 percent to 0 percent at t he
high side on voice comes f rom the modulator
- it 's the "talk power" of your sidebands.

You may also be su re, the fi r st time you use
this, that somet hing 's wrong with the overlay.
There's a great possibility t hat you'll read less
than 70 percent modul at ion.

Dont ' cu ss the gadget. The facts are sad but
true ; a majority of ham transmitters p resently
on the air produce only about 70 per cent modu
la tion level in practice. In many cases, at
tempting to exceed this level by means of ad
vancing the audio-gain control results in dis
tort ion and spla t ter .

But that's no fault of the measuring over lay.
The place to correct that problem is inside the
transm itter. The cures for modulation troubles
would fill an article in themselves, and every
transmitter poses a different sit ua t ion.

However , once you know tha t you have a
pr oblem, you're halfway towar d solving it.
H ave fu n with the overlay, and her e's hoping
you increase your talk power with it. [lHl]

(TOROID COILS f ro m pag e 37J
with the insula tor s is recommended to avoid
damage to the coil, core and insulator s.

The remaining problem associated with the
use of ferr ite toroid cores is the general lack
of availability through nor mal dist ributor out
let s. While the references cited g ive sources for
certain specified cores, variety is lim ited and
prices, for these special it ems, are h igh. It is
the writers per sona l conviction that the alert
manufacturer who makes avai lable, in di str ibu
tor channels, a li ne of a dozen or so reasonably
priced, general purpose toroid cores will make
a killing . Cores made of low, medium and high
f requency ceramic and supplied in thr ee or
four physical sizes should meet most experi
mental requirements. If this article a ssists in
making these core materials more readily
available, it will more t han h ave ser ved its
purpose.

The r adio amateur has been r esponsible for
many sta te of the art advances in the dual
fi elds of communications-electronics and t his
new area offers fertile ground fo r experimenta
t ion . Try working with toroid r f inductors. In
cr eased knowledge and skill will be yours , s ince
the su rface is ba rely scr a tched in amateur and
commercial application of t his new component
f amily. 73



WANTED:

I W ABBIT EARS from pogo 41)
some rf into the feed line as far as pat ter n
is conce r ned. F irst we fi nd that the usual fig 
ure eig h t pattern that we get fro m t he
st a nda r d ce nter fed dipole ha s been modi fied
cons iderably. T he eight figure ha s lost weight
and g rown in height, w hich mea ns we are bi
di r ectional a nd showing gain on the t wo sides
a t r igh t angles to t he plane of t he a n tenna.
We are a lso down in r a diat ed energy off the
ends of t he element s. W e are making good
progress toward our objective.

W e now come to t he la st , bu t far from the
lea st , poin t of interes t. W ith t he elemen ts
a t a n a ng le of 45 degrees f r om t he vertica l,
we fi nd tha t t he a ntenna will r espond to both
vert ically a nd ho rizon t a lly polarized wave
f r on t s. T his is a very nice t hi ng to have a t
a ny freq uency a nd at higher frequencies m uch
des ired. There a re great gobs of " Hairy Old
Theories" regar ding how waves turn. a nd roll
a fter leaving t he a ntenna syst em, but anyone
who h as used a grou nd pla ne antenna will con
firm t he fact that t he r e a r e t im es when t hey
can take all comers, a nd other t imes when the
H orizontal boys take over.

The s im plest form of t his type of syst em has
been used fo r about one year a t t he writer's
loca tion. The antenn a is cut for 14.100 mega 
cycles and fed with RG8/ U ca ble. The ele
ment s are ma de of sect ions from t an k whip
a n tennas, which are 3 f oot leng ths a nd scr ew
toget her . E a ch section is also t apered progres
s ively. The base of t he 90 degree a ngle where
the feed line att a ches, is 25 ' a bove ground. T he
unit is rotated by a TV type r otator. The ef
fective height of the antenna , us ing the center
of one element a s r efer ence, is a pproximately
32' a bove gr ound.

U sing 800 watts in put t he results h ave been
most g ratifyi ng. The DX sig na ls have been
incr eased in intensit y to a point where a r m
chair copy is s t a nda r d pract ice. The reports
from a ll contacts show a marked impr ovement
in t r ansmit t ed s ig na l over t he ground plane
a nd two-element beams previou sly u sed.

T he " Dual P olarit y Personalit y" g ives sub
s t a n t ia l evidence of longer s t a ying power dur
ing condit ions of change in f a ding periods.
Also t he "fa de" on t h is syst em is much less
t han on other types of antenna s wh ich h a ve
fixed po larity. This was t ested by swit ch ing
rapid ly f r om hori zontal t o vertica l polariza
t ion a s compared to t he "V" configurat ion.

The possibil ities of a pply ing this principle
to multi-element beams is obvious and plans in
the near f uture a re to construct a three-ele
ment pa rasitic beam wi t h t he a ngled elements,
to gather full data. Again t he test will be con
ducted on scaled down models a t U H F f r e
quencies befor e moving t o full s ize 14 mega
cycle elements.

In clos ing gentlemen, try one, and you too
can ha ve the la r gest pair of "Wabbit E a r s" in
your a r ea . 73
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THE NEW~ LA-400-C

800 WATTS PEPSSB
LINEAR AMPLIFIER

NOW 800 WATTS PEP
FOR ONLY $164.95

THE "BEST BUY" YET

NEW modern styling I NEW high efficiency 3 element
bend·switching pi net. Puts more power into any
antenna or load from .50-70 ohms. For SSB, DSB, Linear
AM. PM, CW and FSK. All bends 80·10 meters. May be
driven to 800 WATTS PEP SS8 with popular 100 watt
SSB exciters. Uses four modified 1625's in grounded
grid . On customers order, will be furnished with 837's .
(note: 1625's and 837's ore not directl y intercha ng ea b le,
since seekers are different.) Typical P&H Low Z untuned
input. TV I suppressed . Parasitic Free . Meter reads grid
drive, plate current, RF amps output. Heav y duty power
supply using 816's. NEW modern istic grey cabinet
measures approx. 9" x 15" X 10lh". Panel is recessed.
WANT TO SAVE MONEY? 8UY IT IN KIT FORM. It's a
breeze to assemble and wire. 8EFORE YOU BUY - SEE
THE NEW lA-..tOO-C AT YOUR DEALERS.

LA·400·C Kit complete with tubes . •. ...• ... . •$164.95

LA·400·C Wired and Tested $219.95

New, current, and slightly used
(old t imer ) H ams to t ake ad
vantage of N ew E ngl an d' s only

exrlusioc /lam outlrt , handling" all of the most popu
lar new and used amateur items. \Ve buy, sell ,
t ra de, swap, rent, and service H a m gear only. For
the best deal around- try B ob G ra ham, WI KT J.

Graham Company, 505 ::\1:Iin Street , Reading,
.Massachusetts. T el. R E 2·4000.

Reyco Multiband Antenna Coils
Traps for dipoles .. , high strength . . . moisture
proof guaranteed to ha ndle a full KW.
Model KW-40 'oils will , with a 108 foot antenna,
provide operation on 10-T5·20-40-80. $12.50 set.

For info rmation on other models write:
FRED L. REYNOLDS W2VS, 492 Rovenswood Ave.,

Ro,hester 19, New York

Chridm"'''' i<;. .. ... mi.. ., "' ''' ... .. • 1;7



(10 METER CONVERTER hom page III

e transistors pr ovisions can be made for
ounting- small t ransis tor sockets . ELCO 3301
ckets are ideal transistor sockets for circu it
lards. The sockets make it easy for experi
en t ing with va r ious t ransistors.
T he coils sho uld be wound and read y for
ount.ing next. Coil da t a is f ound under Cir 
li t Drawi ng, F ig.!. Ll , L2 a nd L3 a re wound
l %" dia met er ceramic coil fo r ms w hich a re
on slug t uned. L4 is a va r-i-loopatick with
e secondary scram ble wo und over the pri 
ary. The coil taps a re made by twist ing a
" of coil wire a t the appr opria t e place for
e t ap. The t wist is t hen st r ip ped by hold ing
e t wi st in a match fla me a nd fin ishing wi t h
Ie st eel wool or emery paper. After st ri pping
e t.wjs t ca n t hen be solder tinned.
T he coils a nd transistor sockets can now be
run ted on the circuit board. Following Fig. 3
e r esistor s a nd capacito rs may be mounted
.d soldered in their proper pla ce. Ca r e should

used w hen solder ing on the circu it board.
rly hold the hea t ed iron on long enough to
ake a good soldering con nection a nd use only
good rosin core solde r. Capacit ors C7, C8 and
~ are solder ed di rect ly across coils 1.1, L2
d L3. After a ll components ha ve been
runted and solder ed check t he cir cuit board
rough with Circuit Drawing Fig. 1 to elimi
te a ny possible mistakes. The X -sist or Con
r ter is now com pleted a n d ready for final
j ustments. T he converter ma y be cover ed
th a ny t ype of a box. The a uthor used a
x 4" x 2" Bud a luminum chass is with Jl
d J 2 fastened closest to t he input a nd out
t .

Adjustment and Operation

SHORTWAVE PROPAGATION by Stanley Leinwoll
(Ilad io F re f/uen c1/ & P ropaga t ion Mg r .-RadW F ree
E u rop e) .•O f sp ecia l interest t o those concerned with
radio com m unicat ions .Th isreview i n QST (Ma y 1960)
sums up the book's vi t al inte rest to a ll a mateu r s :
" ., . w ritten at just t he r igh t level f or the amateur.
interested in ionospheric p ropagation" . , .
Ther e is ••• backgrou nd material-necessary for a n
understanding of the subject-on t he ionosphere, on
radio waves, on su nspots and the sunspot cycle,4a lt
treated in language that is easy to f ollow. The sec
,t ion on ionosphere measurements in t rod uces the
ideas that are importan t to t he detail ed understand.
ing of ion08pheric p ropagation, leading to the u se
of ionospheric char ts and predict ions for t he deter.
-minat ion of m ax imum usable [ r equenaiee and opti
m u m working frequen cies. The calcula tion p roce.
du re for d istances shorter than the m a ximum one
hop, generally neglected in ama teur literature, is
also included.
Of specia l interes t to QST readers are cha pters on
am ateu r contribut ions to k nowleage of wave p rop a
gation and a f orecas t- adv an ced w ith adm itted cau
t ion!-of probable a m ateu r- band conditions du ring
the coming sunspot c ycle. T hroughout t he book the
r eader is introduced t o various interest ing aspects
of p ropagation : one-way sk ip, for example, sca t 
ter, m eteors , aur ora l effects - all the things tha t
hams continuall y encou n t er in everyday opera tion.
It would be hard t o fin d a question about propaga
t ion in the 3 -30 M c. region - at least the t ype of
(/ueBt ion t hat a n a m ateur w ould ask-that isn' t cov
ered som ew here in this book, even if only (o f neces 
sity) b y the s ta tement that the .answer hasn't yet
been discovered." ,11231, $3.90.

RIDER GLOBAL TIME CONVERSION SIMPLIFIER by
Lt. Col. J ohn G. Dc iacr (Rct'd) . W ha t t ime is it in
Oslo ? In N ew Delhi ? I n San Franc isco? I n R io de
Janeiro ? No matter where you a re loca t ed )"O U can
t ell a t a g lance w hat t ime it is anywhere in t he
world w it h the g r ea test o f ea se. It lists sm a ll t owns
a nd la r ge ci t ies around the world : large cttles and
sm a ll towns in t he United States. It is ('olo l' - klo~' {'(1

to t ell you immedia t ely t he co rrect da v. Cor-recta for
areas that ha ve Da ylight Savlnga T im e. H as con
ve r sion t ables fo r t hose who use 2·j -hou l' r-alculnted
s ystem. Id eal for com munication s p e rson nel, ni l'.
l ines, hnnk snml travellers. Color fu l chart and map
and m akes it usa hle to a nyone. #238, $1 .

, ,, .. .. ,., ..- . -- .

6th EDITION

add city & state tax es.
A ll prices suhjer-t to revision,

HOW TO USE GRID-DIP OSCILLATORS by Rufus
P. T u rn er K 6AI. T he fi r st book eve r devoted en
tirely t o grid-dip oscillators tells you how to con
struct a nd use t h is very versatile instrument with
Lest possi ble r esults. It is ap plica ble to all kinds of
radio r eceivers and t rans mitte rs, a lso to television
r eceivers. The g r id -d ip oscilla to r is a troubleshoot
ing devi ce -an a djusti ng d evice -a f requency meas
uring device -applicable t o circuits a nd components
in cir cu it s - t o anten nas: a lso a signal sou rce of
vari able frequency. #245, $2.50.

GET YOUR COMMERClAL · ~__
TICKET EASIER WITH... ~· -
Kaufman's ~
RADIO OPERATOR'S LICENSE \:;.
Q AND A MANUAL
Now available 6th edition
up to the minute
The BEST book for FCC
License Preparation
Covers elements 1 tbru 8.
The only book with complete
discussion of a nswers to every
teehnleal question in the FCC Study Guide.
Makes it very easy to answer multiple choice
Questions. ,11 130,clot h ,$7.10
Available af your e lectron ics ports distribu tor, or order direct

.",:;,;

Bef ore operating the conver te r use a g rid-dip
rter t o t une t he loca l osci llator t o approxi
t tel y 28 me. T his check is made wit h t he
t ve t-ter swit ch off and by adjus ting L3 for
~ dip. Adjust L'l and L2 for a ppr oximately
me. A dditional accuracy may be obtained

. checking t he oscillator if a nother r eceiver
ted to 28 mc is u sed. If t his method is used ,
-n the converter sw it ch on and adj ust L3
til a beat note is hea r d e n t he receiver.
It is necessa r y to use a length of shielded
ole between the converter a nd t he a uto re
ver. After making t his connection a nd tu rn
~ t he receiver and conver t er on you should
.r t to hea r s ig na ls. F ina l peaking is bes t
t e by t uning in a s ig na l and adj usting Ll
j L2 for g rea tes t spea ker output. When
ng a 28 me crysta l, s igna ls a t 28.5 me will
pear at 500 kc and 29.5 me sign a ls a ppeal' at
)0 kc on t he br oadcast band dial. After the
al adj us tments a re ma de t he conver te r ma y
mounted at a ny conven ien t place on t he

to dash a nd you will enj oy many hours of
.ening on t he 10 m ete r a mateur ba nd. 73
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