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Thomas C. Sowers W3BUL
47 Bethlehem Pike
Colmar, Pennsylvania

(ADH} amateurs who have hesitated going
mcbile because of the necessity of making
iternal connections to the auto radio will find
1is x-sistor converter the answer to their long-
waited dreams. It is also adaptable to the
1d1lo of the newer cars having the 12 volt bat-
Ty system. The only necessary connection to

PARTS LIST

V-1—SPST Slide Switch

—Amphenol 50-239 coaxial connector
—(RCA Type) Phono Connector

itt. 9V Mallory No. TR-146R

ansistor Sockets (3) ELCO 3301
al—28 mc (overtone)

COIL DATA

—18 tudrns, 726 E. wire tapped at 3 turns from bottom
end.

—18 turns, 726 E. wire tapped at 3 turns and 9 turns
from bottom end.

—18 turns. %26 E. wire taoped at 3 turns from bottom
end. The secondary is one turn of #26 E. wire over
the primary with a piece of plastic tape between.

—Vari-Loopstick Lafayetie MS-11 or equivalent. The sec-
ondary is 48 turns of =26 E. wire scramble wound
over the primary with a piece of plastic tape between.

, L2 and 13 -re wound on Combridge Iron slug-tuned
LS5 coil forms. Space wind the coils to cover one
inch for wide tuning range.

Capacitors C7, C8 and C9 may have to be altered
slightly for the 15 meter band.
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the auto radio is through the antenna, and
this is simply a matter of plugging the antenna
into the converter and running a short piece
of coaxial cable to the antenna jack of the
radio. The normal auto antenna may be used
satisfactorily if it is extended to its full length,
but a mobile whip of the proper length will
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Fig. 2—Bottom VYiew

give much better results and bring in the weak
signals.

The early experiments were made using the
PHILCO MADT 2N502A and 2N1158A Mili-
tary type transistor. These transistors will
oscillate well over 500 me but prove to be too
expensive for the average amateur and also
are much more valuable for frequencies above
the ten meter band. The availability of the
PHILCO MADT T1832 and the T1833 at $2.93
at the time of this writing makes the x-sistor
converter almost as inexpensive to construct as
it would to construct a converter using the
old fashioned, power consuming tubes which
they replace,

The first model using the Military transistor
was constructed on a brass chassis and was not
crystal controlled. Transistors are sensitive to
temperature changes and there was consider-
able chasing on the auto radio dial in order
to keep a signal audible. The final design is a
printed circuit board, a crystal controlled oscil-
lator circuit and a self-contained power sup-
ply. The completed circuit board is mounted on
a 6x4x2 inch Bud aluminum chassis. The
power supply is a Mallory No. TR-146R mer-
cury battery and is mounted under the chassis.
The total current drain for the x-sistor con-
verter is 2.5 to 3 ma so the battery should last
for 3 or 4 months. The measured overall gain
was 28 db at 29 me with a loss of 2—3 db at
28.5 and 29.5 me. The gain may be increased at
either end of the band by peaking the coils at
the desired section.,

10 ® 73 MAGAZINE

The writer has been using the x-sistor con
verter for several months on ten meter mobil
work with excellent results. A test has als
been conducted side by side to a erystal con
trolled and a well known commercial unit wit
comparable results. Several amateur friend
have constructed the converter and claim satis
factory performance and feel that the cor
struction was a really worthwhile project.

The Circuit

If we follow the circuit diagram of the x
sistor converter in Fig. 1 we see the antenn
18 capacity coupled to the antenna coil L
through C1. The signal i1s then fed from th
tap on L1 to the base of Q1 which is the 1
amplifier, This signal is then capacity couple
to the base of transistor Q2 which is used a
a mixer, and also to the base of transistor Q
which 1s the oscillator. The signal from th
collector Q3 appears across the primary c
L3 and a portion of this is tapped off for feec
back through the 28 me erystal into the emitte:
The oscillator injection is link coupled to th
emitter of the mixer Q2 from the single tur
of wire over L3, The col'ector circuit of th
mixer transistor is tuned by L4 to the if ¢
the auto radio. Stabilization is provided in th
emitter circuits with resistors R3, R7, and R1I

The circuit bogard, being the platform ¢
construection, must be made first. This is not @
difficult as it may at first seem. With a litt]
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Fig. 3—Top View

patience and a couple of hours of effort a pro-
fessional looking circuit board will be the
reward.
Material List for Circuit Board
1. Copper clad laminate board 3 x414"
(Lafayette Radio MS-512 or equiva-
lent).
2. Tape resist circles 4" diameter (Lafay-
ette Radio MS-737 or equivalent).
3. Tape resist s x 320" (Lafayette Radio
MS-735 or equivalent).
4. Etchant 6 oz. (Lafayette Radio MS-729
or equivalent).

Start with the copper clad laminate circuit
board material and layout as per Fig. 2. The
simplest method is to take Fig. 2 and place it
over the copper side of the board with a pilece
of carbon tracing paper between. Trace points
one through seven for the coil forms and the
transistor mounting holes, then continue trac-
ing the circles and connecting bars throughout
the entire circuit board. After tracing, it 1s a
simple matter of applying the tape resist
circles to the circles you have traced and apply
the s tape resist for the connecting bars.
After the resist tape circles are applied remove
the small centers which are punched through.
By removing these centers, this will after etch-
ing, leave small centering points for drill spot-
ting. Apply a tape resist circle to the board for
spotting transistor and coilform mounting
holes. ‘ : ;

Another method of constructing the circuit
board is to lay out and drill holes for the coils

MAVELIDED 10AN

and transistors and temporarily mount these
parts. Following Fig. 2, apply tape resist
cireles and '’ resist tape as nearly as possible
to the drawing, being certain enough spacing
is permitted for mounting resistors and capaci-
tors as shown in Fig. 3.

After the resist tape is completely applied,
roll it down tightly with a round bottle or jar
and the board is ready for etching. Pour etch-
ant solution into a glass dish or plate. The
author used an old soup bowl which had a flat
bottom. Immerse the cireuit board into the
solution with the copper up and agitate slowly.
The board may be removed, rinsed in clear
water and examined after about 10 minutes of
etching. The process may have to be repeated
several times, being careful not to over etch
as this will tend to undercut the resist tape.
The entire etching time should be 20 to 30 min-
utes in the solution. When all the excess copper
has been dissolved rinse the board thoroughly
with clear water. To eliminate any possible
further chemical action wash the board in a
solution of one tablespoonful of baking soda to
one pint of water for 30 to 45 seconds. The re-
sist tape may now be removed, and if the above
instructions have been followed closely you
should have a neat clean looking printed circuit
board. The next step is to drill a " hole
through the center of each copper circle for
mounting components and drilling holes for the
coils and transistors. When drilling holes for

(Continued on page 59)
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ANY new hams start off their amateur
radio career with either a low cost or
out-moded receiver. “You’ve got to hear ’em
to work ’em,” to coin a phrase, and these re-
ceivers generally sound almost as if they’re
turned off when you tune above twenty meters.

A Complete
Four

Band

Crystal
Converter

Donald A. Smith, W3UZN
Associate Editor.

One of the simplest solutions to this problem,
other than shoveling the cabinet of the old
receiver full of dollar bills and heading for
the nearest dealer for a trade on a new Super
Band-Banger Deluxe, is to put some ‘“hot”

converters in front of the old relic and then
stand back.
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International Crystal Company has a whole
series of converters which are so reasonable
that it is a shame not to buy a set and build
’'em into your station. All I did was put four
of them on one chassis, complete with a power
supply so it wouldn’t be necessary to put any
extra drain on the receiver, install an an-
tenna and filament switching arrangement,
and I suddenly had 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 about any receiver and
get good ham-band reception.

The 20, 15, 10, and 6 meter converters were
my choice. You may prefer to add the 11 meter
Citizens Band converter and make it five
bands. Permission granted. Be sure, when you
order your converters, to specify the BC if
of 600-1600 ke.

The only connection between this unit and
your receiver is the antenna. This means that
you can use this with any of the ac/de receiv-
ers such as the National SW-54 and the Halli-
crafters S-38. Sensitivity should run better
than 1 mierovolt, which is darned good.

Construction

A long slender case is used to house the con-
verters and power supply. This may appear
unusual, but it is less demanding on desk space.
It may be placed next to the receiver, bolted
under the desk, or in any other convenient
spot. The converters are mounted on their
sides by means of small right angle brackets.
They come with holes in each corner, so the
printed circuit boards do not have to be drilled.
The converters are mounted with the erystals
up and the terminals down close to the chas-
sis.
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FM VEO Exciter

D. L. Cabaniss, WITUW
|65 Matthews St.
Bristol, Conn.

H AVE you been listening on 10, 6, or 2 meters
lately? If so, then I'm sure you have
heard quite a few amateurs using narrow (and
wide) band FM. With the advent of all the
surplus commercial FM gear now appearing
on the ham market, many amateurs have in-
stalled these single and multi-channel units in
their automobiles. The advantages of mobile
I'M cannot be appreciated until you have tried
it!

Those familiar with the operation of FM
equipment know that a FM signal may be
tuned in on a AM receiver by tuning to either
side band (slope detection). However, the re-
verse is not true. An FM receiver will not
receive an AM signal. FM receivers are de-
signed to purposely “wash out” any amplitude
variations appearing on the received carrier,
whether these variations be in the form of
noise or AM modulation. TF' and limiter stages
in M receivers run at low plate voltages and

are designed to saturate above a small signal
level.

IAdA & T LA AT ATIMNIC

All this boils down to one fact; you can
hear the FM mobile on your home station re-
ceiver, but the mobile station will not be able
to copy your AM signal on his FM receiver.

The best way to solve this problem (other
than purchasing a surplus FM transmitter) 1s
shown in the photograph; a cut-down version
of the 40 meter ARC-5 (BC-459) transmitter
with a built-in reactance tube modulator. It
took the author about three evenings to build
it up and it performs like a million buecks.

However, t6 modulate this VFO with a re-
actance tube proved to be somewhat of a prob-
lem. Those familiar with the operation of a
reactance tube modulator know that the re-
actance tube is usually connected to the tuned
plate circuit of the oscillator and the plate
of the reactance tube is usually at the same
rf and de potential as the plate of the oscil-
lator. When the grid voltage of the reactance
tube changes (this change in voltage resulting
from speaking into the microphone), the plate
current of the reactance tube changes, thus

MAAVELWICGED 10L4LA



anging the current through the tuned plate
rcuit of the oscillator and shifting the os-
llator frequency. However, the oscillator plate
rcuit of the ARC-5 transmitter is at rf ground
itential through a .05 mfd capacitor (refer
the circuit diagram). After considerable ex-
rimenting, I wound up with a modified re-
tance tube circuit connected to the oscillator
id circuit.
The maximum fundamental frequency shift
my particular unit is approximately = 1
. Feeding this unit into the crystal socket
my Apache, and multiplying up to 10 meters
ves a carrier swing of = 4 ke (8 ke band-
dth). Above 29.000 me, wide band FM is
rmitted, so the deviation control may be
n full open. However, below 29.000 me,
BFM must be used so the deviation control
ould be cut back to produce a fundamental
cillator swing of .750 ke. This produces a
rrier swing of + 3 ke (6 ke bandwidth) on
n meters. If the exciter is used in the 8 to
me region for multiplication up to 6 meters,
termine the carrier swing by multiplying
e oscillator swing X 6. If the unit is used
- 2 meters, multiply the oscillator swing X
(in the 9 me region) to determine the car-
ar swing at 144 me. (My particular unit has
en used on 10 meters only, but 1f sufficient
ages of multiplication are available, the unit
ould perform very well on both 6 and 2

meters). The deviation control therefore has
a different setting for each band of operation.
The ARRL Handbook contains excellent in-
formation pertaining to the calibration of FM
exciters, It is suggested that the builder con-
sult the Handbook and determine the oscillator
swing before using the unit on the air.

Construction

You can build this FM-VFO without hacking
up the BC-459, but it does make a neater unit
if you do chop it in half. If you follow my lead
you will use the variable condenser which 1is
attached to the front panel to tune the VFO
and take out the other one plus the fixed con-
denser. Remove almost all of the wiring, leav-
ing only those wires coming from the VFO
coil unit. It is a good idea to replace the power
socket with a regular octal tube socket.

Replace the 12 volt 1626 oscillator with a
6J5. Wire in the 6AGT7 reactance tube in the
center socket and the VR tube in the remain-
ing socket., 23y o

The photos show almost everything else. You
can put tape behind unused holes, putty them
in with metal putty, sand and paint. -

The reports I have received with this ex-
citer driving my Apache have been very good
and the FM mobiles have stopped -calling
QRZ? Y

WELMIRER 1QAN
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Some Notes

On
Mobile Power

OR MANY persons, the problem of power for

a mobile rig was solved a couple of years

ago with the introduction of the transistorized
de-de converter and its amazing efficiency.

For others, however, the transistorized
power supply didn’t prove to be the solution
to the problem. This is the story of another
high-efficiency answer to the ever-present prob-
lem of the mobile ham—power,

Though the transistorized supply is admit-
tedly vastly superior 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 100-watt mobile while dynamotors re-
stricted you to 50 watts and vibrapacks were
doing well to power a 10-watt peanut whistle,
But the difference between 100 watts and 50
watts is only 3 decibels, and that’s less than
half an S-unit.

Taking into consideration the relatively in-
efficient antennas wusually available for a
mobile rig 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
gang on your way to and from work each day,

Jim Kyle, K5JKX/6
Asssociate Editor 73

this business of “certain contacts” may not be
important to you. However, if you ever plar
to use your mobile gear in civil defense o1
disaster work, the more power the better. Anc
no one likes to be drowned out by a 100-watf
home station.

The limiting factor which keeps most mobile
installations below the 100-watt power level i:
the car’s own power system. Almost n¢
standard generator will deliver more than 50(
watts—and this can only be attained at speed:
above those considered safe in urban traffic.

Of this maximum 500-watt capability, more
than 100 watts are normally consumed by the
auto ignition and instrument system. Anothe;
150 watts or so go into the lights during nigh
driving., This leaves only some 250 watts avail
able for powering any accessories, keeping the
battery charged, and running a ham station—
and this 1s all calculated on the basis of 60
to 7T0-mph speeds. At 35 mph, there’s almos
nothing left over.

At traffic speeds, you can see, the mobil
ham station must draw all its power from ths
battery. The battery will normally deliver abou
200 watts for one hour before giving up an
quitting. Most mobile operators have alread;
learned this, and carry a pair of heavy jumpe
cables with alligator clips to steal power fron

Fig. |—Schematic Diagram, Alternator Installation

NOTES:
|—Use No. 0 electric-welder cable for these leads.
2—Use No. 14 auto primary wire for these leads.

3—Schematic as drawn is for positive-ground system. For negative ground, move ground point to
black terminal of rectifier and reverse field-coil connections.
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nother car’s battery after an extended ses-
ion on the air.

These facts may seem to limit all mobile
quipment to the low-power -classification.
lowever, there’s a way around them—and
nat’s the thing this article is all about.

The power limit imposed by the car’s elec-
rical system is traceable directly to the gen-
rator. Shunt-wound de¢ generators are no-
yrious for poor current regulation with vary-
12 speed, and any dc¢ generator is limited in
urrent capacity by the brushes and com-
wutator,

Neither of these difficulties are present in an
¢ system. For many years, alternating-current
vstems for automobiles have been available.
Tanufacturers include Delco-Remy Division
f General Motors, and the Leece-Neville Co.

Using an alternator in place of the gen-
rator, the car’s power system has a 300-watt
apability with the engine idling, and this
gure rises to 700 watts at a speed of 20 mph.
l’s no wonder that police and emergency
ehicles have long used alternators for power.
The main drawback to an alternator sys-
>m has been the cost. The current price of a
eece-Neville 700-watt 12-volt unit, with do-
-yourself installation, is slightly over $250.
he Delco unit is slightly more expensive.

However, these prices are for factory-new
juipment. Used alternators can be bought for
eanuts—almost.

Least expensive are the 6-volt units, which
re being advertised for $40 complete with
setifier and regulator and ean ocecasionally be
yund cheaper (at one time the author was
fered three new 6-volt alternators for $5
ich, complete). Used 12-volt systems can be
urchased for $85. Best place to check for
1ese is in the classified ads of Ham Swap. If
ou find none there, ask your local police-radio
spairman.

Installation of an alternator is simple but
irty. Remove your old generator and voltage
gulator. Get a mounting bracket for your
10del auto from the local Leece-Neville or

PARTS IDENTIFICATION:

T1, T2, T3—Surolus 400-cycle fil. XFMR, 120-volt pri.,
&.3*:!:&" sec., 30-amo sec. rating. Connect back-
ward.

D1 thru Dé6—Silicon diodes, 600-volt PIV, 500 ma.
Mallory TN 2093 units may be connected in
series to reach this rating, as can Audio Devices
30-B5 units.

L1—1 henry choke (Merit C-2996 or equivalent).

Fig. 2—Schematic diagram, 3-phase delta-wye
full-wave power supply for use with mobile
alternator system.

Delco distributor (average cost, $5). Bolt the
alternator in place where the generator came
out, and install the regulator in place of the
old regulator. The rectifier can be mounted
either on the fender or behind the grille, Ele-
pending on space available in your engine
compartment.

If you get a new alternator, it will include
a cable kit. A used one may not include the
cables. If you have no cables, make them from
No. 0 welding cable to the size necessary. Fol-
low the schematic diagram, Fig. 1, for rout-
ing of wires and connections.

If your battery has been in service for some
time, it will be best to replace it when you in-
stall the alternator. Get a good, glass-plate
unit, and you’'ll never have a dead battery
again. Batteries which have been allowed to
remain partially discharged, as is the usual
case with a generator-type system, usually go
completely dead as soon as the high output of
the alternator hits them.

With an alternator installed, your auto-
power problem is solved. But that’s j_ust half
the story—for ac, even 700 watts of 1t, won’t
do much for your signal strength. Y_nu’re g0-
ing to have to change it to dc to use 1t.

Vibrapacks, dynamotors, and transistor
power supplies can all be used suucgssfully
without worrying about battery drain, but
there’s a far cheaper way once you have an
alternator installed. That’s construction of a
supply which works direct from the alternator.
Efficiency ranges higher than 90 percent with
such a supply, and there’s no wear and tear
on the battery or regulator either. ‘

In a 12-volt system, alternator output will I_Je
14 volts, 3-phase, ac, and the frequency will
vary from 80 to 1000 cycles as you speed or
slow the engine. Conventional 60-cycle power
supplies don’t perform well under these condi-
tions.
However, a 3-phase high-frequency supply
can be easily built using mostly-surplus parts,
and the combination of the alternator system

and the 3-phase power supply will cost only
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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 ma (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, surplus 400-
cycle transformers which can be obtained for
less than 50¢ each can be used for the 3-phase
step-up system. Proper phasing is essential
for correct operation. It can be assured if
identical transformers are used for the three
legs. Proceed as follows:

Mark one secondary 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 start or finish
of the winding is 1). Mark the primary termi-
nals “A” and “B” in the same manner.

Connect the 6.3-volt secondaries all in series,
terminal 1 of transformer I to terminal 2 of
transformer 1I, 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 secondaries are con-
nected to the three output terminals on the

alternator. The primaries go to the 600-vol
silicon rectifiers as shown on the schematie,

Note that very little filtering is necessar;
with this circuit. Input frequency varies fron
80 to 100 cycles, and the delta-wye circuit ha
only 4 percent ripple 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-cycl
whistle.

If a lower-voltage supply is desired, use o
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 only 300-volt PIV rating. A dual-vol
tage supply, convenient for operating excitex
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 mobile operation by necessity—bu
it does have one small disadvantage. 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 this eix
cuit include four 6146, 807, or 1625; tw
4X150A, or any others capable of taking th
high-current relatively low-voltage outpu
Happy mobiling! [T

Cardboard Chassis

Jim Kyle, K5JKX/b

RANSISTOR circuits, unlike their vacuum-

tube counterparts, don’t need large metal
chassis to support the weight of the com-
ponents.

This isn’t news to anyone who’s followed the
transistor - construction - project literature.
Nearly all construction articles specify
punched phenolic cards 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 phenolie, paper board is lightweight
and is a good insulator at the voltages, cur-
rents, and frequencies generally encountered
when working with transistors.

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

Drafting board, in the small sizes generally
used for transistor chassis, can usually be

e - - " e s R -

obtained for free from a friendly draftsmai
Lacking this opportunity, use photo mountin
boards. They’re available in 16 by 20 inch siz
from any photographic supply house caterin
to the advanced-amateur trade, for less tha
50 cents each. One mount board will furnis
chassis for dozens of projects.

The only “special” tools needed to prepa:
a chassis are a pencil, ruler, pair of scissors c
sharp 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’re plannin
to put the finished unit in a Minibox or simil:
case, cut the card %4 inch smaller than tl
inside measurement of the case. This allov
room for mounting brackets.

Next, arrange the components on the card :
you want them. Try to keep all signal-carryir
leads as short as possible.

When the layout satisfies 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 made-



marking all connections and indicating all
parts values. If you make the marks lightly,
there’ll be no danger of shorting out com-
ponents with the pencil lines.

Now get out the dividers or needle and punch
all holes. Transformers can be mounted by
using a sharp knife to cut slots for the mount-
ing ears,

With 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 card to hold the
part in position.

The final step in this construction method is
the soldering of all connections. Be sure to in-
sulate bare conductors with spaghetti tubing
to prevent accidental short circuits. When
soldering semiconductors, use a pair of long-
nose pliers between the semiconductor and the
solder joint to act as a heat sink and prevent
damage to the semiconductor.

That’s all there is to it, basically. Here are
some hints gathered through experience which
speed cardboard-chassis construction:

Transistor sockets and cardboard chassis
don’t go together very well. It’s handier to omit
the socket and wire the transistor directly into
the circuit. Three small holes for the transistor
leads hold the component more firmly than
would a socket.

Connections to off-chassis elements should be
routed through a binding post. Continual flex-
ing of the lead can cause the wires to break.
A 6-32 by % inch machine screw through the
cardboard, with its head at the back side of the
chassis, works well., Solder a wire into the slot
of the screw, using resin-core solder and a very
hot iron, to make the connection to the chassis-
mounted components.

Circuit markings (terminal indications,
identification of transistors or other compo-
nents, ete.) hold up best if marked on the card
with India ink rather than pencil.

When all wiring is complete and every joint
soldered, a coat of clear plastic spray such as
Krylon Automotive Grade will protect the fin-
ished project. If you need an especially-strong
chassis, give the card three or four coats of
plastiec spray before mounting the components.

All other details are shown in the photo-
graphs, which feature the hands of K5QGO,
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Stop
That Noise!

P ARTICULARLY when operating mobile, a
good noise limiter in your receiver often
makes .the difference between a contact and a
near-miss.

But what is a good noise-limiter ecireuit?
This question has faced every ham at one time
or another, since nearly every published circuit
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 situation.”
The noise limiter which one ham finds perfect
may be completely unacceptable to another
amateur because of differing requirements.

To help you decide which noise limiter is
good for your needs, here’s a more-or-less com-
plete listing of the various circuits developed
since the days when Signor Marconi tapped
out “Sorry, QRN” to his colleagues and sat
down to devise a way around static erashes.

Noise limiters can be classified in several
manners, as series or shunt, audio or if, ete.
Here, they're classified as peak limiters and
trough limiters, since each of these types
serves a separate purpose.

The peak limiter removes spheric crashes,
key clicks, and ignition-noise signals from the
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 signals 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 ad-
justed, it will pass more than 90 per cent of an
aufliu signal while erasing all background
noise.

Peak limiters fall into two broad categories,
series and shunt, according to circuit configu-

ration. Each type has its disadvantages and
its advantages.

The series peak limiter generally does a
more effective job of removing signals above
limiting level than does the shunt type, but it
does so at the cost of increased distortion of
the limited signal.

The shunt peak limiter is the easiest to add
to an existing cireuit without changes. Its main
disadvantage is a small amount of leakthrough,
which shows up as weak noise pulses getting
through the limiter.

The series peak limiter consists of a diode,

S & T2 WA ATTIMKILCEC
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biased for switching action, connected in series
with the audio signal path through the re-
ceiver. This diode circuit may be either half-
wave or full-wave.

Fig. |—Half wave series peak limiter.

The half-wave series peak limiter’s sche-
matic diagram is shown in Fig. 1. It may be
built on a small card chassis and inserted in
any receiver as illustrated in Fig. 2. Semicon-
ductor diodes work in this circuit, but be sure
to use a unit with high back resistance such as
the 1N54. The base-emitter junction of any
common transistor (2N107, CK722, ete.) also
makes a good diode for this purpose.

Fig. 2—Connection of series peak limiters.

Here’s how it works. The audio signal out of
the detector is fed through the input resistor to
the diode. When the audio signal is less than
the diode bias voltage, the diode is conducting
and appears as a short circuit. This lets the
audio through to the output side, from whence
it proceeds to the rest of the receiver.

A positive peak signal greater than the diode
bias voltage drives the diode’s cathode positive
to its anode, switching it off. There is then no
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path for the audio from the detector to the
rest of the receiver, and the pulse peak is
limited. When the peak passes, the diode recov-
ers and restores the audio path.

A negative peak signal greater than the
diode bias voltage will not be affected by the
half-wave limiter. However, negative-peak
audio (which is positive-peak at the detector
input due to phase inversion) is automatically
limited at the detector to zero. If the incoming
signal 1s 100 percent modulated, negative
peaks will pose no problems.

The full-wave series peak limiter, shown in
Fig. 3, was developed to overcome the lack of

limiter.

Fig. 3—Full wave series peak

negative-peak limiting (which proves a handi-
cap if incoming signals are not fully modu-
lated) in the half-wave circuit.

Using nearly twice as many ecomponents, this
limiter circuit provides positive control of both
positive and negative peak levels. It is prob-
ably the most effective of all peak-limiter
circuits.

Its operation is the same as the half-wave
version on positive peaks. Negative peaks
above Iimiting level cut off the other diode in
a similar fashion. Limiting level can be varied
from less than 10 percent modulation to 100
percent modulation by adjusting diode bias
voltage accordingly.

Another version of the series peak limiter,
using a triode instead of diodes, has been wide-
ly used. It is standard equipment on many of
the older Hammarlund sets, notably the early
Super-Pro line, the BC- versions of the Pro,
and the HQ-129X. The BC-779 version is
shown in Fig. 4. :

This limiter depends on controlled cathode
temperature to achieve its effect, rather than
on biased-diode switching. Although it’s a bit
more complex, it’s also more effective than the
half-wave diode circuit,

Incoming signals are passed by the triode in
cathode-follower fashion so long as they are
below limiting level. However, pulse peaks are
stopped because the tube runs into saturation-
produced by the lower-than-normal filament
temperature due to the resistor, and by the low
plate voltage. Limiting level is automatic since
plate voltage varies with incoming carrier
strength.

The filament resistor to produce lower cath-
ode temperature is a good trick to use with

NOVEMBER 1960

any noise limiter, if you use tube-type diodes.
It increases reverse resistance and makes the
transition from conduction to non-conduction
more sharp.

Incidentally, the ’ALb series of tube-type
diodes is generally superior to the 'H6 series in
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Fig. 4—Hammarlund limiter in BC-779.

noise-limiter service.

The shunt peak limiter is connected in
parallel with the audio signal path, rather
than in series. Like the series limiters, it may
be either a half-wave or a full-wave circuit.

The half-wave shunt peak limiter shown in
Fig. 5 is probably the simplest and least ex-
pensive noise limiter you can add to any set.
With only two components, it adjusts itself
automatically to variations in carrier strength.
Positive peaks are limited to a value twice that
of carrier voltage, while negative peaks are not
affected (as explained in the discussion of

Y =

=

i

5

Fig. 5—Simple half wave shunt limiter.

half-wave series limiters).

The shunt peak limiter discussed thus far
was, like its series equivalent, confined to
audio-peak devices connected to the set at the
detector output. This is not the only manner in
which the shunt peak limiter can be used.

Shunt audio peak limiters can also be con-
nected at the speaker as shown in Fig. 6.
Selenium or silicon rectifiers with at least a
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Fig. 6—Speaker shunt limiter.

1000 ma rating are recommended for this ecir-
cuit in preference to tubes or smaller cerystal
diodes. The full-wave circuit is necessary here.

The speaker-attached limiter has the advan-
tage of simplicity, ease in connection, and
adaptability to any receiver without going into
the chassis. However, its disadvantages are
numerous: It does nothing to the noise peaks
before they arrive at the speaker, thus allow-
ing audio stages to overload and to “ring.” It
has no effect on medium-level noise peaks, thus
allowing much ignition noise to get through.
Finally, its limiting level is not adjustable, be-
ing dependent solely on the characteristies of
the particular rectifiers used.

Another point at which the shunt peak
limiter can be used is ahead of the detector,
in the if stages. Many authorities recommend
that noise pulses be eliminated as early in the
game as possible, thus avoiding overload of if
as well as audio stages.

The original if limiter was devolped more
than 25 years ago by Lamb, and is still in use

in several receivers—notably, the Pierson and
the venerable SX-28 by Hallicrafters. ;

In this circuit a separate if amplifier feeds
a noise detector. The output of the noise de-
tector, at a level determined by the limiting-
point adjustment, is fed back to the first if
stage to cut the amplifier off in the presence of
a noise pulse.

The original circuit fed the noise detector
output to the if tube by direct coupling. This
allowed a steady but strong carrier a few kilo-
cycles away from the desired signal to cut off
the if stage even in the absence of noise
pulses.

The Pierson version of the Lamb limiter,
with ae coupling from noise detector to con-
trolled stage, overcomes this difficulty. An
adaptation of the Pierson-Lamb limiter is
shown in Fig. 7. It may be built on Vector tur-
ret sockets and permanently mounted in almost
any receiver,

Advantages peculiar to the Lamb circuit are
the suppression of noise pulses before they
reach the selective if circuits and cause ring-
ing; an almost total lack of audio distortion
common to most other limiters, and suppres-
sion of noise pulses ahead of the AVC line
which prevents noise from reducing receiver
sensitivity.

The major disadvantage of the Lamb circuit
is its complexity. The cost of installing this
limiter will run approximately twice that of
any other limiter., The extra if stage also pro-
vides additional sources of trouble as the re-
ceiver ages.

Working from the same basic premise stated

Fig. 7—Modified Pierson-Lamb limiter.
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v Lamb in 1936—that a noise limiter should
e as close to the receiver input as possible—
ther designers have developed if shunt peak
miter circuits which overcome most of the
.amb limiter’s disadvantages. One of these is
llustrated in Fig. 8.

Fig. 8—IF automatic shunt peak limiter.

Operation of this limiter isn’t so obvious as
ome of the other circuits. With a noise-free
nd steady carrier tuned in, there will be a
mall voltage drop across the if transformer
rimary. The two .1 capacitors are charged
through the diodes and the resistors) by this
oltage.

Each capacitor assumes polarity opposing
urrent flow through its associated diode. Un-
er these conditions, the diodes are open cir-
uits across the if transformer primary and
he limiter has no effect on the signal.

When a high-amplitude 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. In this state,
he diode is a virtual short across the if trans-
ormer and virtually no signal gets through.
Vhen the pulse passes, the diode opens up
utomatically and the signal proceeds.

Operating as it does from the voltage drop
cross the transformer primary, this circuit
utomatically adjusts itself to varying signal
trength to provide limiting at the 100-percent
1odulation point. Connections to any receiver
re shown in Fig. 9.

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

Fig. 9—Connection of IF shunt limiter.
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Most operators prefer that their noise
limiters be automatie. It’s no trouble to make
the change in the circuit. Since all circuits
shown are arranged for negative bias voltage,
the receiver AVC line provides a handy source
of bias voltage.

If AVC is applied directly to the bias-volt-
age input of the limiter, noise peaks will be
allowed to rise to twice the peak audio value
before being limited. This is because the AVC
level represents peak-to-peak value of a 100-
percent modulated signal, while the audio peak
value is never greater than half this amount
and frequently is as low as 25 percent.

The best source of bias voltage for noise-
limiters is obtained by removing the AVC de-
tector load resistor from the receiver and
replacing 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 limiting at any point from 0
volts to twice peak audio level.

For a vernier adjustment, use a poten-
tiometer just half the value of the load resistor
and add a fixed resistor in series to restore the
original resistance. This gives a range of ad-
justment from zero to peak audio level.

TNS

Before progressing from peak limiters to
trough limiters, a word should be said about
the popular TNS developed by W2AEF. Com-
bining noise limiting with squelch action, this
may well be the most popular of all limiters
for mobile use.

So far as the limiting portion of the TNS is
concerned, it’s a full-wave series peak limiter.
After limiting, the signal is applied to a twin
triode which has different time constants in the
two plate circuits.

This tube is triggered by the switching ac-
tion of the limiter dicde in such a manner as to
prevent any portion of the noise pulse from
passing through. (Other limiters hold the pulse
to a level consistent with the audio signal, but
leave the “stump” of the noise in the signal.)

By adjusting the time constant of one half
of the triode, the TNS squelch level may be
set at any desired value.

Since it has been adequately deseribed at
length in Bill Orr’s “Mobile Handbook” the
TNS circuit is not shown here.

Advantages of the TNS have already been
explained. Here are its disadvantages: Signal
input level is critical, in comparison to other
limiters. Any signal in excess of 10 volts pro-
duces serious distortion. In addition, setting of
the squelch control is somewhat of a “hairline”
business. Set for too high a level, it prevents
weak signals from being heard. Set at the
critical point for weak signals, it will be trig-
gered by passing trucks and emit a raucous
burst of sound.

The

These points, however, are minor.
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Fig. 10—Trough limiter.

worst disadvantage of the TNS circuit is the
one it shares with the Lamb limiter—circuit
complexity. With two tubes, a squelch control,
and two RC networks, it’s virtually impossible
to cram into an already-crowded receiver
chassis. Most users build it into a Minibox and
mount 1t near the receiver with long leads.

+ Many noise limiter circuits not shown here
have been published. Virtually all, however,
are variations on one or more of these basic
peak limiter circuits. Now, it’s time to look at
the other classification—the trough limiter.

Trough Limiter

The trough limiter, an adaptation from com-
puter circuitry, has made only one previous
appearance in print to the writer’s knowledge.
This handy little circuit erases background
noise but lets the audio signal through.

This feat is accomplished by limiting, not the
peak level, but the trough value of the audio
wave, Instantaneous voltages below the limit-
ing level are suppressed, while all above the
level go through.

This works with speech because of its syl-
labiec power content —the same reason that
SSB amplifiers have a high power rating and
that clipping helps increase AM transmitter
talk power.

Experiments have shown that more than 10
percent of an audio signal can be removed
without losing intelligibility. The trough
limiter removes only the low-level portion of
the signal—but at the same time eliminates all
background hiss.

Although trough limiters can be built in
either series or shunt, half-wave or full-wave
configuration, only the full-wave series circuit
proves practical for communications work (if
you like to experiment, any peak limiter using

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 Fig. 10. It may be
built on a card or phenolic “chassis” and per-
manently mounted in the receiver.

In operation, the diodes are biased for non-
conduction without signal. Any signal voltage
lower in value than the bias level finds an open
circuit at the diode and cannot reach the out-
put stage. Bias level is chosen so that random
noise is just below the bias-voltage value.

Signal voltage higher than the bias value
forces the diodes into conduction, thus closing
the circuit to the output stage and allowing
audio through.

That wraps up this discussion of noise-
limiter circuits, with advantages and disad-
vantages listed for every type. With this infor-
mation, you can now answer for yourself that
question, “What is a good noise limiter?”
Simply pick the one whose advantages, for
your needs, outweigh its disadvantages, again
balanced against your own requirements.

If you want to go deeper into the theory and
design of noise limiters, a number of reference
works and articles used in the preparation of
this article are listed in the bibliography.
Happy mobiling! [71[3]
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*Available from Radio Bookshop.

Leave it to Allied Radio to come up with the best
world globe deal yet. This is a 12" globe which has
all of the country prefixes on it plus an arrangement
for you to put on a direction indicator which will give
you the direction and distance of any spot from your
QPTH. The special pivot post allows you to customize
the globe for your own location. The globe rotates
in either a polar or equitorial plane. Price is only

$11.95 from Allied Radio,

New
Products

World Globe

for Hams Chicago 80, Illinois.
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Measure
Your

Modulation

IF YOU’RE still using AM (as many of us are),
you know that you must have adequate
modulation level to achieve successful commu-
nication.

Many conscientious hams use scopes to
monitor their modulation level and guard
against overmodulation with its consequent
splatter and chances of pink slips. Few, though,
have any idea just how great their average
modulation level is.

Here’s a simple overlay screen for your mod-
monitor scope which will tell you your modula-
tion percentage at all times. With this knowl-
adge, you can then do what you like to raise
he percentage as close to 100 as you dare.

To use the overlay, have a positive photo-
:opy made at a commercial blueprint supply
nouse, in the right size to fit your scope screen.
I'he exact size you need is determined mainly
oy yvour mod-monitor circuit, but the long, ver-
zical side of the trapezoid pattern must touch
the two outside lines of the overlay.

The illustration is printed in the proper pro-
sortion for many mod-monitors. If the size is
‘ight for your monitor, simply trace it from
he page onto clear acetate, using India ink
ind a fine-pointed pen.

Whichever route you take, when you have
‘he finished overlay ready affix it to the face of
rour scope tube with transparent tape so that
he dotted vertical line and the long line
narked “100” eross at the center of the tube
ind the 100 line is parallel to the horizontal
leflection of the tube.

Turn on the transmitter and apply a test
one. This may be some 60-cycle ac coupled into
he audio from a filament line, or the output
f a test oscillator. Whistling into the mike
von’t produce a steady enough output to adjust
he monitor.

Adjust the coupling between the monitor
T input and the final until the vertical peaks
f the trapezoid pattern barely touch the “0”
ines of the overlay. The overlay may require
wdjustment up or down to make both lines
ouch the pattern at the same time.

If necessary, adjust the monitor’s horizontal
rain control so that the point of the trapezoid
.or the short edge, if your pattern doesn’t come
wut to a point) falls in the area covered by the

IMVCLAREDR 104N

Jim Kyle, K5JKX/6
1851 Stanford Ave.
Santa Susana, Calif.

short lines of the overlay.

Now all you have to do is note which overlay
line the short edge of the trapezoid rises to,
and read off modulation percentage directly.
Note that levels higher than 90 percent are
almost unreadable—if you reach this level,
you'll get out. Broadcast stations are only re-
quired to maintain a level of 85 percent.

Here's how the measuring gadget works:

By definition, the modulation percentage of
an AM signal is expressed by the formula

K — Etr
crest trough % 100.

Ecrest -+ Etrough
Ecrest is the peak voltage, and Etrough is the
minimum voltage, during a modulation cycle.
The conventional trapezoid pattern of a mod-
monitor portrays this relationship graphically.
The high end of the trapezoid is a measure-
ment of peak voltage, and the low side meas-
ures minimum voltage. Audio voltage fed to
the horizontal plates simply provides a sweep
directly proportional to the modulation cyele.
The overlay pattern is a calculation of the
values of minimum voltage for arbitrary
modulation levels, in terms of the peak voltage.
Therefore, when peak voltage is adjusted—

(Continued on page 56)
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Some Hard Facts About Echo

w ELL, the long-awaited balloon is now in
orbit, and a spectacular thing it is. Be-
fore I read the newspaper, I was aware some-
thing big was up (no pun intended) by the
space talk across the 144 and 220 me bands.
Soon I came across W6BUT and W6DQJ on
two meters making ready to try some balloon
bounce on 1296 mec. Fine idea, I thought, and
rushed about setting up the 4 foot dish and
the crystal controlled rig on 1296 me.

After the balloon had crossed the sky and no
signals were heard, calm again prevailed. 1
began to wonder just how loud these signals
from 1000 miles out in space should actually
be. I recalled doing some moonbounce computa-
tions a few years ago and dug them out. The
moon return signals were weak (on paper), so
weak in fact, that only with high power out-
put, large antennas, and extremely sensitive re-
ceivers with narrow bandwidth, could the job
be done. The W4AO, W3GKP, W6QKI, and
W2NLY experiments a few years ago had
verified this. In fact, these brave fellows were
successful in getting moon returns only a frac-
tion of the times attempted.’

So, a similar computation was made for the
case of the satellite. First, the satellite was
assumed to be a perfect spherical reflector
with a scattering cross-section equal to a flat
disc of the same diameter.” This is actually an
accurate approach for a sphere of any wave-
lengths in diameter. Next, I was interested in
determining the strength of my own return
signal, and not that reflected to some distant
station. This does not involve too much error,
but what error there is, is in the direction of a
stronger return signal. That is to say, the
signal reflected back into one’s own antenna
will be somewhat stronger than that which
might find its way Into an antenna at a dis-
tant point.

The simplest way to begin this sort of thing
is to resort to the standard “Radar Range
Equation™:*

Path loss, including antenna gain

3 (:-T}?L:E;GR (1)

where
R = the distance to the satellite
o = the scattering cross section of the satellite
A = the wavelength
Gt = transmitting antenna gain
GRrR = recelving antenna gain
If the antenna used to receive the return

- - =" R oJd oA 4A"TIRILT

Don Goshay W6MMU
8352 Westlawn Avenue

Los Angeles 45, California

signal is the same as that which transmitted
it, or if separate but similar antennas are
used, Gt will equal Gr and then the expression
GtGr can be called simply G® For a parabola:

(2) G-(5)% -5 o=
G'- 52 (8)

where A 1is the physical area of the parabola.
Also, for a parabola:

(4) A i Eg_z AND AE = 11-];'3(614

where d is the diameter of the parabola. If (5)
1s substituted for A® in (3):

(6) GE: dw? awrtidt . ptdd
At 16 4\1
From the assumptions made regarding the
scattering property of the satellite:

w])?

o =

4
where D is the diameter of the satellite.

If equations (6) and (7) are substituted for
GtGr and in equation (1), the following is
the result and defines the total path loss:

Pt _ PATH LOSS =

Pr
(47)3 R¢ _ 1024 A2 R

w12 \2 wid? el DEGE (8)
Tt

The ratio of the signal received to the signal
transmitted is the reciprocal of this:

Pr r2])2d4

Pt 1024 x2 R (9)

Equation (9) shows that the magnitude of
the signal received for a given amount of

transmitter power will be directly proportiona’
to:

1) The square of the satellite diameter.
2) The fourth power of the parabola di
ameter.

The received signal will be inversely pro
portional to:

1) The square of the wavelength.

2) The fourth power of the distance be

tween the antenna and the satellite

If equation (8) is worked out for the case

of ECHO I for 1296 me and 4 foot dishes, th

result indicates a path loss of at least 223 db

Now if some lucky ham has a 500 watt out

put (not input) klystron on 1296 me, his returz

signal will never exceed —166 dbm when using
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a 4 foot parabolic antenna. If this same fellow
has a 1296 me receiver with a 2 db noise figure
(assuming his parametric amplifier is working
well), and his if strip has a bandwidth of 5 ke,
he will just be able to hear a signal of —146
dbm. This means the signal he is looking for
will never be any better than 20 db (100 times)
below the receiver noise level. This is provided,
of course, that his antenna is tracking the
satellite perfectly.

The situation could be improved, on paper,
by using a larger antenna. But this would nar-
row the antenna beamwidth and complicate the
tracking problem sufficiently to make it impos-
sible, except for the most sophisticated track-
ing systems.

The next question that might be asked is
“how does this performance compare with that
when using the moon as the passive reflector?”
While the moon is much larger than the 100
foot satellite, is is 239 times as far away. The
return signal depends on the square of the re-
flector diameter, but gets weaker by the fourth
power of the distance.

R4
Path loss « D
RimooN RamooN )"
moon path loss D2mooN Rbaloon

balloon path loss =~ Rtballoon ~ f Dmoox )2
D2balloon Dballoon
(239)4 32.8 x 108 i,
— [2150 x 5230)'—* ~ 139 x 108 ~ 286 = —6.8db
100

This means that the moon path loss will be
about 6 db less than the satellite path loss, or,
in other words, the received signal would be
6 db stronger from the moon. This is provided
that the moon had as good a reflection effi-
ciency as the balloon. In reality, it does not.
A rough guess would indicate the received sig-
nal would be about the same in either case.

So if you have been unable to communicate
via the moon, the foregoing analysis indicates
you will be unable to do so via the ECHO 1
satellite with the same equipment. The problem
is compounded by the satellite’s obviously
greater angular velocity across the sky over
that of the moon.

If yvou would like to estimate what it would
take to communicate via the satellite, the
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-
ample given above for 1296 me, the signal de-
ficiency was shown to be 20 db. For different
equipments and conditions, add or subtract
the corrections shown on the chart to the 20 db

deficiency. 73

1: QST, March, 1953.

2+ “Microwave Antenna Theory and Design' by S. Silver,
Radiation Lab. Series, McGraw Hill. Page 5.

2: “Reference Data for Radio Engineers’ Fourth Edition,

International Telephone and Telegraph Corp. Page 804.

LiAmMAIrFwanrn jladln

Policies

Here are the basic policies which will

quide 73.

Policy #1: We are not mad at anybody.

Policy #2: Amateur Radio, in its dual role as
a means of arousing the interest
of youngsters and providing the basie training
for entry into the field of electronics, one of
the largest and most promising fields we can
see ahead, and as one of the most important
means of communications between the peoples
of the world on a people-to-people basis instead
of through the press or government channels,
is probably the most important hobby in the
world today. We can keep it important by be-
ing aware of what is going on in our hobby
and by being technically up to date. 73 Maga-
zine 1s dedicated to bringing into focus the
frontiers of amateur radio. It will strive to
broaden the technical interest of the amateurs
and to encourage them to higher technical at-
tainments and abilities by means of technical
and construction articles written by the best

talent available.

Few talented writers have con-
tinued to buck the present system
whereby they either receive nothing for their
efforts or else have to wait from one to three
yvears for minimal pay. 73 has established the
policy of paying for all accepted articles with
immediate cash. This seems to be bringing new
life to the field for we are receiving top notch
articles by some of the best authors in the
hobby.

Policy #3:

Policy #4: It is our intention, the SEC per-
mitting, to open the ownership of
Amateur Radio Publishing, Inec., to interested
amateurs so that the ownership of the maga-
zineg can be widespread and the magazine will
be truly owned and run entirely by licensed
hams. 73 is being run under a very tight econ-
omy until the break-even point of 15,000 circu-
lation is reached.

Policy #5: We intend to encourage and pro-
mote the publication of bulletins
to bring specialized operating news of the
many facets of amateur radio: VHF, RTTY,
DX, Traffic Handling, TV, ete. The Club Bul-
letin of Marvin Lipton VE3DQX will be one
of the first under this program. This publica-
tion, which is sent to the editors of all known
ham eclub bulletins to provide them with a
means of exchanging ideas, should be back in

business this fall.
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Improving the
Signal to Noise Ratio of the

Gonset Communicator

.. . a simple modification for a remarkable improvement

THE 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,
as probably happens to most engineers, the day
comes when a professional look comes into the
eye and some serious thought is given to hot-
rodding it. This may be a natural phenomenon,
or it may be a delayed result of reading about
417A converters and parametric amplifiers.
My Two Meter Communicator III was placed
upon the operating table, disemboweled, and
an autopsy performed on the front end. It
became obvious that the designers knew what
they were doing and that a major revision was
not practical. There wasn’'t room inside for a
parametric and it would be awkward to mount

Fig. |
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|7 Post Gate Road
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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 World War II, there has been an
ever increasing pressure on tube designers for
improvements because of the great and grow-
ing complexity of electronic equipment of all
sorts and the competition of transistors. Tube
designers have met this challenge and, even
though there has been no real break-through in
electron tube theory, there has been many
startling new developments in design tech-
nology.

RF Tubes

Better performance of rf amplifiers was
brought about in recent years by miniaturiza-
tion and improved electrode design by modi-
fication of prototype structures. The cascode
circuit, such as in the Communicator III front
end, employing two stages of triode amplifica-
tion with a specially designed double triode
tube seemed to be the culmination of engineer-
ing effort for garden variety equipment.

A good rf tube should have a high-gain
bandwidth produect and low noise which is a
result of high transconductance, low inter-
electrode capacitances and low noise resistance.
In tube design this means closer spacing of the
grid to the cathode for higher transconductance
and finer grid 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 support themselves
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and the spacing is too close for reliable serv-
ice without shorts.

One approach to the grid problem is to sup-
port the grid wires on a rigid frame, thus, the
grid wires themselves do not have to support
the structure. This is called a frame-grid tube
(See Fig. 2). With this type of construection
1t is possible to eut the diameter of the grid
wires to one half that of the conventional tube

and also the grid may be moved closer to the
cathode,

A New Tube for the Communicator

One of the frame-grid tubes that is now
readily available is the CBS ECCR88/6DJ8. It
1s a double triode designed for cascode ampli-
fier service. It will replace many conventional
American tubes in this class of operation and
provide superior performance.

The ESS88/6DJ8 is tailor made to improve
performance of the Communicator III front
end. It has a transconductance of 12,500
umhos in typical operation with 90 volts ap-
plied, while the 6BZ8 originally used in the
Communicator III has a transconductance of
only 8,000 umhos with a plate voltage of 125
volts. The lower plate voltage of the ECCS88
indicates lower noise output. In comparison,
if the voltage of the 6BZ8 were lowered to
90 volts to reduce noise its transconductance
would drop down to about 6500 umhos. In ad-
dition, the ECC88’s frame-grid structure with
its finer grid wires reduces electron shot noise
caused by the random impact of electrons
against the grid wires.

To see what adjustments were necessary
for substitution, when the characteristics of the
ECC88/6DJ8 were compared to those of the
6BZ8 it showed that only the plate voltage had
to be adjusted to obtain proper operating con-
ditions. In other words, shifting the plate to
a lower voltage brought all other parameters
in line so that the grid biases were properly
Class A without further adjustment. (Type
6BZ8 operates at Class A with 125v plate,
—1.0 volts grid, and 10 ma plate current. Type
ECC88 operates with 90 volts plate, —1.3 volts
grid, and 15 ma plate current.)

Reducing the voltage of each section of the
tube was simply accomplished by inserting one
series resistor of 1200 ohms into the B plus
power lead. This takes care of both sections
of the tube as they are in series in the cascode
circuit (See Fig. 1).

One unexpected difficulty arose in that in-
stability and oscillations occurred in several
places of the band. This was due to the slightly
higher capacity of the ECC88/6D.J8. The reso-
nant frequency of the plate to cathode con-
nected neutralizing coil (L102) with the in-
ternal tube capacitances must be lower than
the receiver frequency. The instable condition
was easily rectified by reducing the size of
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The ECCB88/6DJ8 high-gain twin triode with
true frame-grid construction is now available
from CBS Electronics, manufacturing division

of Columbia Broadcasting System, Inc. The
grid itself is shown to the left of the tube.

coll L102 to about one half of its original
size. L.L102 can be located going through the
shield between tube socket pins 3 and 6. Either
wind a new coil of 4-turns and %4 inch diameter
or cut the original L102. Further adjustment
may be necessary by stretching the shape of
the coil until no spurious oscillations are de-
tected when tuning over the entire 2-meter
band.

After these changes are made and the Com-
municator reassembled, the interstage rf trans-
former should be peaked with the rf trimmers
accessible through the two front holes in the
bottom of the case.,

The noise level with the new tube is so much
lower than originally that it may be a little
difficult to tune to maximum on the noise level.
If a noise generator is not available, then an
incoming signal may be used, preferable a
steady low level signal. It should be unneces-
sary to touch the input stage as it is an un-
tuned-broadband circuit that is effected very
little by slight differences in input capacity
between the original tube and the new tube.

The completed conversion is so good from
the noise stand point that most of the remain-
ing noise 1s generated in the converter stage.
It would now be appropriate to work out a
reduction of noise in this area. 73
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Pictures processed by Joe Kwetnewski WIUTD.

() NE phase of our stimulating hobby that
new amateurs and a good majority of old
timers shy away from, is the building of re-
ceivers. They see them as an octopus or as
something more frightening and shield them-
selves behind the old phrase, “It’s cheaper to
buy, so why rack your brain?”

This statement only holds water in cases
where each and every item of the planned
project necessitates fabrication by other crafts-
men besides yourself, so even 1if you get a
bargain on construction, costs will mount up to
a prohibitive figure. But if man or boy leans
toward such past-time, bird watching would be
more advantageous than the choice of radio
as a hobby.

30 & 73 MAGAZINE

It’s surprising to learn that a receiver is no
more difficult to design and construct than is a
transmitter or any other electronic device if
it’s broken down into sections., It does look
complicated if you take a peak at the under-
side of it and see the wiring and the many
associated components; but so does a transmit-
ter if you just glimpse at the bottom of it.
However, 1f you separate each tube and their
components into stages and just examine each
stage In succession, all the mystery vanishes
rapidly.

The 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 challenge and fun immensly en-
joyed, for there is nothing that will give you
more self satisfaction than self expression in
your chosen art.

Actually this receiver was planned and built
around the xtal controlled converters deseribed
in the October issue of “73” and it is used as
a double conversion tunable if that tunes 13 to
18 me. The sensitivity of this if is better than
.1 mierovolt on AM, stabilization time is about
10 minutes, and band width less than 3 ke at
3 db down on AM and SSB and 150 ke on FM.

Reception of all modes of signals is possible
and all necessary controls are provided within
easy reach and are . . . RF and IF Gain Con-
trol, Antenna Trimmer, Ose. Vernier, Tone
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Control, AVC Switch, Hi-Z Output, External
Converter Output, ete. It has an illuminated
S-meter calibrated in S-units and micro-volts
at the antenna input and an accurately cali-
brated large drum dial which is back-lash
proof.

The panel with all nomenclature engraved is
8% x19” standard aluminum gray crackle finish
that can be rack mounted.

The drum dial which is machined from a
solid piece of aluminum has eight bands of
calibrated scales, and above this drum are
eight 4”7 lucite plugs inserted into the panel
with numbers from 1 to 8 engraved in the
panel below them to designate the band in use.
These lucite plugs are illuminated by the same
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Schematic diagram
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pilot lights that illuminate the scale of the
band in use.

The signal strength meter which is a 0 to 50
micro-amp wide view 3%” Simpson meter, is
mounted upside down so that it will indicate
from left to right. This meter has a hand cali-
brated scale made of heavy bristol board
cemented to the back of the original scale, and
above the meter is a meter zero control which
is handy for giving true signal strength read-
ings using zero noise reference.

The S-meter and the drum dial are framed
by an escutcheon milled out of a 37x11”x%”
aluminum plate and sprayed with black crackle
enamel to match the rest of the trim. In this
frame a piece of %" plexiglass is mounted with
a fine line seribed and filled with India ink in
the section of the drum dial only, and is used
as a hair line for the scales,

Black handles were provided for ease of car-
rying the receiver, also as means of protecting
the dial and knobs from damage.

Construction

It is established that no two persons will do
the same job alike, therefore, just a light de-
seription covering the mechanical details will
be outlined, and are as follows:

The main chassis of this receiver is shaped
on a brake generally found in the sheet metal
shops and is +%” thick aluminum formed with
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a ledge 1'%” deep and 4%” wide on the back
end of the chassis to house the seven converters.
The front part of this chassis is 3%” deep
with a %” lip turned down so that it can be
fastened to the front panel. The sides of the
chassis also have 2" lips and are fastened to
the side plates which in turn are secured to the
front panel and serve as brackets. The finished
chassis, as shown in the photograph, is 177
long and overall width of 13” of which 8%”
is 316" deep. All cut-outs are easily made since
that type of chassis can easily be held in the
vise. After 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 and
sprayed with clear acrylic (top only) for neat
appearance. The dust covers over the main
tuning capacitor and drum dial are also treat-
ed in the same manner.

The face of the receiver, which constitutes the
panel and all necessary controls, was carefully
planned and layed out so that proper function
controls are at the finger-tips and the asso-
ciated circuits nicely grouped for ease of wir-
ing. While most of the components on the face
of this receiver are standard, the main tuning
dial knob that drives the capacitor with the
attached drum was turned out on a lathe and
a standard 0 to 100 division 23" dial was at-
tached to it. Behind the panel of this dial is a
large brass inertia fly wheel driving the main
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tuning capacitor. Fast excursion from one end
of the band to the other is possible by giving
the dial a few spins.

The drum used as the frequency dial is ma-
chined from solid stock and is 57 in diameter
and 5” long. It is secured to the end of the
main tuning capacitor by a 5/16” coupling
which is fastened to the 5/16” drill-rod shaft
running through the drum. The drum has 2
parallel grooves and clamps to fit, so. that a
plastic or paper scale can easily be secured.
Those that wish to duplicate the appearance of
this receiver can substitute a cardboard tube
cr a tin coffee can for the machined drum with
slight modifications.

The heart of the receiver is, as usual, a
gocd rugged tuning capacitor. This one was
found in a surplus store and modified to cover
the 5 me¢ tuning range. The only information
available on this capacitor is the two numbers
ink stamped, D-227464-2 and W504. The de-
scription is as follows: Three gang with right
angle worm drive. A narrow drum dial about
%" wide divided into 30 divisions is mounted
between the wide spaced section and the ad-
Jacent close space sections. The first close
spaced section has 7 rotor and 7 stator plates,
the second close space section has 6 rotor and
h stator plates and the third section, which is
double spaced, has 7 rotor and 6 stator plates.
The original maximum capacities were as fol-
lows: 1st section 152 mmfd, 2nd section 115
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mmfd and the double spaced section which is
used as the HF oscillator tuning had 88 mmfd.

After modification, which was removing
rotor plates only, the maximum capacities are
as follows: First and second section 24 mmfd
and osc. section 22 mmfd. This capacitor has
no stop and none was provided so that con-
tinucus tuning can be achieved. The worm
drive mechanism was tried for back-lash, but
no noticeable effects were evident through the
nicely matched and spring loaded gears.

In the event that this capacitor cannot be
found, I would suggest that any three gang
rugged capacitor be used by stripping rotor
plates (those are easier to take off) and reduc-
ing the max. tuning capacity to around 25
mmfd. Ordinarily only 1 rotor plate will be
used to get the desired 25 mmfd range. Another
alternative is to use three Hammarlund MC-
358 capacitors, couple them together with solid
brass couplings and use a Millen No. 10012
right angle drive with a plannetary drive dial
or a reduction drive mechanism Millen type
10000.

Circuits

The 6BA6 rf stage, besides being an ampli-
fier, also doubles as a signal strength indi-
cator by inserting a properly shunted micro-
ammeter or milliameter in the cold end of the
rf coil L2 as shown in the schematic. This
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stage is provided with the usual variable
cathode bias to control the rf gain and has
AVC applied to its grid.

The antenna trimmer capacitor which is a
35 mmfd variable is in shunt with the first
section of the main tuning capacitor used to
tune the grid of this stage and does a fine job
of peaking.

The plate circuit is inductively coupled by
L2 to L3 the signal 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 %” on center. This is also
shown in the schematiec.

Test points were provided in both stages as
a better means of metering during alignment
of the circuits.

The tunable oscillator is a Hartley, using
a 6C4 triode; its plate returning directly to
the VR-150 regulator. No negative co-efficient
capacitors were used for stabilizing since the
settling time is very short due to the air trim-
mers, ceramic coil forms and NPO ceramic
capacitors used in all rf circuits. A 15 mmifd
tuning capacitor in series with a 1 mmfd
ceramic i1s added from cathode of the oscillator
to ground for fine tuning in the SSB and CW
mode. A small dial is provided for it on the
front panel and it is engraved ‘“Oscillator
Vernier.”

The first mixer is a standard mixer circuit
employing a 6BE6 pentagrid converter tube
with a separate oscillator. The grid coil L3 in
this circuit has a ceramic form and the 50
mmifd grid coupling capacitor is a ceramic
NPO.

The output of the first 6BE6 mixer is fed
through two stages of 4.5 me, if using 6BA6
as amplifiers. The cathode of the first if stage
is brought to a if gain control on the front
panel, and its grid circuit tied to the AVC bus.
The output of the second stage ties into the
6AUG6 limiter stage; this in turn drives a 6ALbS
discriminator. Negative voltage developed at
the junction of the 100K resistors is fed back
to the AVC line through a 1 meg isolation re-
sistor. AVC switch is provided on the front
panel to ground the AVC bus.

The output of the diseriminator passes
through a RC filter to a closed circuit phone
jack on the front panel for HI-FI take off on
FM only. This jack is engraved “HI-Z Out-
put”. From this jack audio voltage is fed to a
two stage audio amplifier consisting of a 6AV6
triode section and a 6AQ5 power amplifier.

At the grid of the second 4.5 mec if amplifier
a signal take-off through a 10 mmfd NPO
capacitor is fed to the signal grid of the second
6BE6 mixer. This mixer uses a self contained
crystal oscillator operating on a freq. of 4238
ke and converting the 4.5 mc signal to the low
freq. if of 262 ke.

Two low frequency 262 ke if stages are used
for amplification. These stages are very low
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noise devises due to their cireuitry. As shown on
the schematic, the cathodes are grounded and
the plate and screen circuits operate at relative-
ly low voltages. You will also notice that the
plate and grid circuits are shunt connected
and are coupled to their respective if trans-
formers by 3.3 mmfd NPO ceramic capacitors.

This system proved to be very effective in
reducing the noise to the minimum and not
effecting the over-all amplification of the sig-
nal. The secondary of the last transformer is
connected to a 6AL5 which is used as the
second detector, AVC rectifier and a very sim-
ple but effective noise limiter. Here is another
nice feature that readers might enjoy: the
absence of ANL switch. In most cases known
to the author, such a switeh is always in the
“on” position. By choosing the proper time
constant values in the ANL circuit for a com-
promise of audio quality and clipping the
switch was eliminated.

At the secondary of the last 262 ke if trans-
former a signal take-off through a 12 mmfd
NPO ceramic capacitor is fed to the signal grid
of another 6BE6 converter which is used as a
product detector for SSB and a CW mixer. The
ordinary tunable BFO was replaced by a crys-
tal oscillator of 262 ke which has the advan-
tage of stability. This feature is desirable in
SSB tuning since the only drift possible is 1n
the hf tunable oscillator, and that has been
taken care of as mentioned earlier in the ar-
ticle,

The audio from the product detector is taken
off the plate through a RC filter and tied in
with the AM second detector and the FM dis-
criminator as shown on the schematics. This
audio voltage is capacitively fed into the .5
meg volume control which ties 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
try out different speakers, and such an ar-
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 type of
simple switching.

The power supply is standard full wave rec-
tifier, well filtered producing 220 volts at 120
ma. An additional 6.3 V at 3 amp heater trans-
former was added to take care of the additional
illumination and converters. An OA2 regulator
tube supplies voltage to hf tunable oscillator
and the bias for rf and if circuits.

In conclusion, a word about tuning might
be in order. A very pronounced feature is evi-
dent during excursions of the tuning dial be-
tween signals. With the audio control set at
mid point very little noise is heard in the
speaker, then brace yourself when you tune
across a signal. 73
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THE USE of toroidal inductances, wound on
ferrite cores, 18 becoming increasingly pop-
ular in critical applications where the charac-
teristics of stability, high Q, high inductance
to space ratio, low external field, lack of prox-
imity effects and the ease of obtaining balance
in tightly coupled multi-winding units are de-
sirable. Probably the most common commercial
use is in the broad band input transformer
found in many TV tuners.

The ferrite core, toroidal inductor is a natu-
ral for amateur VFO use. The high Q required
for such circuits as the Clapp oscillator is
easily obtained in compact assemblies and, de-
pendent on the mounting arrangement, these
inductors can be made almost immune to vibra-
tion effects. Such an application is desecribed
in detail in the article, Automatic Tracking
Mobile System, by Henry S. Keen, published in
the October, 1958 issue of Radio and Television
News.

There are many references in amateur liter-
ature regarding the 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
them to this application. Arnold and Allen in
their article, Some New Ideas in a Ham-Band
Receiver, published in the May, 1960 issue of
QST, discuss the subject and point out a ready
source of the high frequency toroid coil forms.
As a point of interest, the use of ferrite core
toroidal transformers is not limited to minute
power levels. The Technical Material Corpora-
tion is using these cores in a 500 watt balun,
designed to match a 50-70 ohm transmitter
output to a 600 ohm balanced transmission line.

One characteristiec of ferrite cored inductors
that may be put to good use is that the per-
meability of the core, and thus the winding
inductance, may be changed by flowing a
modulating signal or an adjustable de bias cur-
rent through either the signal winding or a
special winding added for that purpose. This
technique was employed in the Ferri-Sweeper,
a sweep frequency signal generator designed
for the alignment of SSB filters. This i1nstru-
ment was originally deseribed in the old CQ
SSB Handbook and was expanded on in an
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Roy E. Pafenberg
P.O. Box 844
Fort Clayton, Canal Zore

Photo taken by Jim Gardner

article by Wilfred M. Scherer, W2AEF, in the
November, 1957 issue of CQ. The concept of
de tuning, applied to the resonating of radio
frequency cirecuits, offers unlimited possibili-
ties. It is easy to visualize a complete multi-
band transmitter or communications receiver
gang tuned by a single potentiometer which
would vary the magnetic bias of the ferrite
core inductors. This intriguing concept is de-
seribed by Kulinyi, Levine and Meyer, in their
article, SSB in High Frequency Vehicular Radio,
which was published in the famous “Sideband”
issue (December, 1956) of Proceedings of the
IRE.

The advantages gained by the use of the
new ferrite cores are not completely without
cost. Available core materials are more or less
temperature sensitive and compensation is re-
quired for critical, frequency determining ap-
plications. The techniques used in conventional
circuitry are effective in the case of the ferrite
cores and will not be detailed here. While the
windings of a ferrite core, toroidal inductor
are relatively immune to external electrostatic
and electromagnetic fields, this is not true of
the core proper. Care must be exercised In
the placement of these inductors in relation to
strong magnetic fields and critical ecircuits
should be magnetically shielded. This require-
ment is easily met by the use of commercial,
plated steel chassis.

One problem in the use of these inductors
is the difficulty of mounting them in conformity
with good construction practice. The photo-
graph shows one method of assembling a neat,
workmanlike, electrically stable and mechani-
cally sound mounting. As shown, the mounting
consists of a ceramic feed-through insulator,
the center bushing of which fits snugly within
the center of the wound inductor. This as-
sembly is, in turn, secured to a small ceramic
post insulator with a brass screw. The top coil
terminal lug is electrically connected to the
screw, while the bottom lug is insulated from
the screw by the use of shoulder type fiber
washers inserted between the bottom half of
the feed-through insulator and the ceramic
post. Use of the fiber cushion washers supplied

(Continued on page 56)
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ANT to measure frequency down to the

last eyele per second? Or maybe find the
exact resonance point of that AF filter you've
just whipped together?

Here’s a gadget that can help you do either
of those, and more besides. RTTYers 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 audio frequency meter, costing ap-
proximately five dollars if all parts are pur-
chased new and taking only about an hour to
put together (less time than that if you’re
used to homebrew techniques).

While many AF frequency meters have been
described in previous articles, none have all
the advantages of this pocket-sized unit. De-
signed around the peculiar properties of most
transistors, it uses only nine components
(aside from range-switching circuitry), is
rugged, and features high accuracy.

Before getting into the construction of the
little gem, let’s take a look at how it works.

The basic principles of the direct-reading
audio frequency meter have been with us for
at least 15 years (see the references). How-
ever, the limitations of vacuum tubes and later

Fig. |—Simplified Diagram

Five-Dollar
Frequency
Meter

Jim Kyle K5JKX/6
1851 Stanford Ave.
Santa Susana, Calif.

of vacuum-tube-directed design techniques
have kept the beastie complicated enough to
prevent many hams from building it.

The block diagram in Fig. 1, adapted from
Terman’s Electronic and Radio Engineering,
shows the conventional circuit. Diodes D1 and
D2 limit the signal to a definite peak value.
Capacitor C1 differentiates the limited signal
into positive- and negative-going spikes. Diode
D3 shunts the negative-going spikes around
the meter circuit, while D4 allows the positive-
going spikes to pass through the meter. The
deflection of the meter is directly proportional
to the number of spikes which pass through it
within a given time.

As shown, the circuit is simple enough. How-
ever, the usual input signal is small—and this
circuit requires spikes some 45 volts high tc
give an accurate indication.

Previous designs have solved the problen
by first amplifying the signal, then passing
it through a limiter stage, and finally dif
ferentiating and measuring it. See any of the
construction references for further details.

The five-buck special, on the other hand
uses the switching properties of transistors t«
accomplish the same purpose.

Looking at the schematic diagram, Fig. 2
you will see that input signals go directly t«
the base of Q1 through the 470-ohm current
Iimiting resistor. Normally, since the base i
not forward-biased, Q1 is cut off and passe
little or no current. As a result, there is n
voltage drop in the 5600-ohm collector resisto
and the voltage at the collector is -9 volts.

When the negative half-cycle of an inpu
signal comes along, however, the pictur
changes. The negative input places forwar
bias on the base, and when this bias become
large enough, the transistor switches t
saturation. Resistance from collector to emit
ter becomes less than one ohm, and the entir
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Fig. 2—This is the diagram of the deluxe model. For the five-dollar special, omit all switches and

components associated with them. Connect a capacitor of proper value in place of SIA. Ranges are:

OFF, 30 KC, 10 KC, 3 KC, | KC, and 300 CPS. Meter is 0-1 ma.

supply voltage is dropped in the collector re-
sistor. Collector voltage drops to zero.

Approximately 0.2 volts is the crossover
point for the 2N107 used in this circuit. This
makes 200 millivolts the smallest signal which
can be measured. Upper limit is determined by
punchthrough voltage rating, and is about 10
volts for this unit.

We have seen how a square wave is de-
veloped at the collector 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 exactly
as in previous circuits. These spikes are ap-
plied directly to the base of Q2.

Q2 also acts as a switch. Positive-going
spikes simply reverse-bias the base and have
no effect on the collector circuit. However,
negative-going spikes turn the transistor ‘“on”
for the duration of the spike and allow pulses
of current to flow through the meter.

Since the amplitude of the spikes is in-
creased through Q2’s switeching action, an in-
expensive meter is highly satisfactory. The
circuit provides linear operation up to ap-
proximately 10 milliamps current flow through
the meter., Earlier designs required movements
in the 1 ma to 100 microamp range for linear
operation,

That’s how it works. Now, to construction.

Perforated phenolic board makes a fine
“chassis” for the two transistors and four re-
sistors used. I built the prototype on a sal-
vaged printed-circuit board given away at an
electronics parts show. If you don’t want to
strive for the ultimate in miniaturization, use
three-terminal tie points.

All the usual heat precautions applicable to
any transistorized construction apply here.
Leave the leads long or use long-nose pliers as
a heat sink between the transistor and the
solder joint. Aside from that, wiring is not
critical.

Fig. 3—To dress up the frequency meter, use this meter face. Have a photocopy made in the exact

size to fit your meter dial

{0 the meter dial with rubber cement.

(tell the) photographer to print it on Type A paper) and glue the copy




If you’re building a single-range frequency
meter, timing capacitor C can be placed on the
circuit board also, as can calibration resistor
Re (when its value is determined as described
later). For a multi-range meter, these com-
ponents should be mounted on the range
switch.

Whether 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 connected later, after its exact
value is determined.

If you’re building a multi-range meter, you
can use the meter face shown in Fig. 3. Simply
have a photocopy made, the proper size to fit
your meter. For a single-range meter, pick
the basic movement to show the same values
as the frequency range you're interested in—
that is, for a 0-3 ke meter range, use an 0-3
milliammeter, ete.

Once the meter is built, calibration comes
next. WWYV provides a handy source of 440-
and 600-cycle tones, but be wary of frequency
distortion caused by multipath transmission
of the signal. A reliable 60-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
interest, at very low cost. A hi-fi frequency
range test record, such as those distributed by
Cook Records or RCA Victor, is placed on
a convenient record player and the freq meter
is hooked to the speaker leads. The result is a
large number of calibration points from 15 ke
down to 50 eps.

Since the scale is completely linear on each
range, only one calibration point per range is
necessary. If all 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 1-percent capaci-
tors in the range needed, let’'s use the 20-per-
cent capacitors and calibrate each range
individually. If you're building a single-range
meter, simply stop when you’ve calibrated your
single range.

To calibrate the unit, jumper in a 500-ohm
rheostat across the meter using test leads.
Connect the frequency meter to the calibration
source you're using. Adjust the rheostat until
the meter needle indicates the proper fre-
quency (such as .6 if you're using a O-1 mil-
liammeter for a freq meter on the O-1 ke
range, with 600-cycle calibration tone).

Disconnect the rheostat without disturbing
its setting and measure its resistance with an
ohmmeter or bridge, if you have one. Select
a Yo-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.

e - -
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On a multi-range meter, you may find it
easier to get the exact resistance value needed
by connecting a number of small resistors in
series. When 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, and so
forth. Bring out taps to the range switch. A
glance at Fig. 4 may make this clearer.

Fig. 4—Alternate calibrating-resistor circuit
discussed in text. Values shown for resistors
are for example only—the exact value to be
used in each position must be determined
after the instrument is built as described in
text. In this example, position | gives 220
ohms; 2 gives 221.8; 3 gives 236.8; 4 gives
240.7, and 5 gives 287.7. |f necessary, switch
contacts can be jumpered to give identical
resistances or the sequence reversed to give
lower resistance on higher range.

Operation of the completed and calibrated
instrument is simplicity itself. Simply connect
its input to the unknown signal source (mak-
ing certain that no de is present; if in doubt,
use a transformer or a coupling capacitor),
crank the gain up until the reading becomes
steady, and read the meter.

Gain must be eranked 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,
until 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.
This is the proper indication.

Reason for the variation in reading is this:
When the gadget first starts limiting the input
signal, it merely eclips off the top of the nega-
tive half-eyele. This produces a pulse-type out-
put instead of a true square wave, The pulse
output aects, to the meter circuit, like a com-
bination of a high and a low frequency. The
needle responds by wavering. When proper
limiting level is reached, the needle is steady
as a rock.

Since this frequency 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-

(Continued on page 54)
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HE ANTENNA SYSTEM which you are to read

about should not be considered as the an-
swer to all problems. It was conceived with
two basic thoughts in mind, and as the ex-
periment progressed other advantages became
apparent,

The first and probably uppermost in all ham
minds is the space necessary to swing any
type of rotating device. This has caused the
recent swing to “Short and Loaded Beams,”
which we now see on all sides. It has long been
understood that we don’t get something for
nothing—the short or loaded beams are no
exception. To try and reduce the over-all span
and yet retain the actual radiation surface was
what we needed.

The second problem was one of obtaining as
good a pattern as possible with some gain and
front to back ratio. All of this, cheap and light
at the same time, usually makes the average
ham spin his sprockets rapidly. Oh yes, we
would also like this gadget to match a 50 ohm
coaxial line over say 300 kiloeyeles.

NOVEMBER 1960

Rotary
"Wabbit Ears’

W. G. Rommel, W6EHY
8508 Trask Avenue
Playa Del Rey, California

Now that we have looked the problem over,
let’s see what can be done. The best place to
start is with our old friend the center fed
dipole. Let’s for the sake of simplicity, stay
on 14 megacycles as 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 space and not fold back on itself with the
resultant loss of radiation area, you are soon
left with one conclusion. The ends must be
moved closer together. When we do this, what
happens to the antenna as a radiator and how
far can one go before the whole thing falls
flat on its face? By the use of a scale model
and 500 megacycle rf we can find out a lot of
information without driving the neighborhood
crazy. The feed impedance of a center-fed half-
wave dipole antenna is roughly 75 ohms. As
the two quarter-wave sections are moved to-
ward a right angle, the feed impedances drop
down until, at the right angle position, the feed
point becomes approximately 54 ohms. Once
the right angle position is reached the feed
impedance will change rather rapidly as the
angle of the elements is changed a few de-
grees either way. The 90 degree position has
an impedance which looks very happily into a
piece of 50 ohm coaxial cable. Further investi-
gation also shows the “Q” to be on the right
side for good band width. We now have a full
length radiator, which does not throw a
shadow as large as it did at the start. We
also are now in agreement with the cable
which we all love to use.

I know that at this point there are some
who will want to close the angle more and
reduce the shadow, but let’s not push this
thing too far because all you will do is make
a tuned feed line with very low radiation
efficiency.

Well! Now that we have this fine looking
device, let's see what happens when we pump

(Continued on page 57)
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BIG DIPPER

POINTER
STARS

2 DEGREE
DIAMETER
CIRCLE

" ®  VERTICAL " LINE
CONNECTING STARS | - .

CASSIOPEIA

Constellations as they appear around 2100 local
time in June. Note 2 deg. diameter circle de-
scribed by Polaris as earth rotates about True
North. True North is one deg. from Polaris

UsST about all amateur radio operators and
astronomers know that Polaris, the North

Star, is near the point of True North. But just
how close is it to this exact point and how ecan
True North be found from Polaris?

Specifically, Polaris is almost one degree
(55.4 minutes of arc) away from true north
and as such describes a circle of two degrees
diameter as the earth rotates once each 24
hours. Anyone interested in aligning a high
gain antenna or telescope must know how to
make corrections to align their instrument to
the true point.

Figure 1 is a sketch which shows a line con-
necting the constellations Ursa Major (Big
Dipper) and Cassiopeia and which passes
through Polaris, the first star in the handle
of the Little Dipper.

The line connects the first star in the handle
of the Big Dipper and the first star in Cas-
siopeia. The important point to note 1s that
True North lies one degree (55.4 min.) from
Polaris toward the Big Dipper (or away from
Cassiopeia). True North must then be trans-
ferred to a ground base line by means of a
surveyors transit for use with antennas which
rotate in azimuth only.

MMASVELIBER I0LAA

Finding
lrue

North

Calvin R. Graf, W5LFM
207 Addax Drive
San Antonio |, Texas

While the Bigr Dipper is quite well known,
Casslopeia has not enjoyed this popularity ex-
cept with radio astronomers who know Cas-
siopeia A as a source of intense radio noise.
During early winter nights, Cassiopeia ap-
pears as an M and In summer as a W.

The Big Dipper and Cassiopeia will be above
the northern hemisphere horizon only during
certain hours and certain months of the year.
The easiest corrections can be made when the
connecting line lies horizontal or vertical.
Some time during the night, regardless of the
season, the Big Dipper or Cassiopela will form
a straight vertical line with Polaris. This hap-
pens around 2100 local time 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
from Cassiopeia. In both cases the correction
is in a vertical line. Correction at other times
(and therefore angles) when the line is not
vertical is more difficult because of the gyrat-
ing action of Polaris. Using this method, True
North ecan be found within a few tenths of a
degree of arc. @3
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TAPETONE'S NEW
WTC-432,
3/4 METER,
LOW-NOISE.
CRYSTAL
MIXER
CONVERTER

NEWEST
CONVERTER
ON THE MARKET .

This advanced design approach, seldom used by
amateurs but widely used in commercial UHF receivers,
achieves outstanding performance, It consists of «
double-tuned cavity preselector, followed by a crystal
mixer and low-noise IF preamplifier.

. SPECIFICATIONS:

NOISE FIGURE: 6.0 DB

GAIN: 20 DB

IMAGE REJECTION: GREATER THAN 50 DB

IF REJECTION: GREATER THAN BO DB

TUBE COMPLIMENT: IN2I1E, 6BC4, 6BC4.
12AT7, BAKS

STANDARD MODELS AVAILABLE:

WTC-432 IF OUTPUT FREQUENCY 50-54 MC.
WTC-432A IF OUTPUT FREQUENCY 51-55 MC.
WTC-432N IF OUTPUT FREQUENCY 30.5-34.5 MC,
WTC-432C IF OUTPUT FREQUENCY 28-32 MC.

PRICE %$119.50 (ANY MODEL)
ALSO AVAILABLE: WTC-1296, PRICE 5$5134.50

TAPETONE. INC. '° ARDLOCK PLACE,

WEBSTER, MASS,

MOBILE
POWER
SUPPLY

MODEL
A12/600/200

NOW

$59.50

This 12V input dc tc dc transistorized converter is
conservatively rated for continuous output of 120
watts at 600V or 300V, or any combination of 600
and 300 volt loads totaling 120 watts,

High efficiency, small size, and light weight, plus
freedom from maintenance, conserve your battery
and increase the enjoyment of mobile operation.

ELECTRONIGS DIVISION

GLOBE INDUSTRIES, INC.

525 MAIN STREET
BELLEVILLE, NEW JERSEY
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(FREQUENCY METER from page 40)

age is far above the 200-millivolt level, If this
seems a disadvantage, it can be overcome by
putting an emitter-follower amplifier ahead of
the limiter circuit as shown in Fig. 5. This
amplifier was omitted in the prototype be.
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Fig. 5—This tiny preamplifier may be added to
the input of the frequency meter to increase
the meter's ability to indicate frequency of
voltage-only sources. The emitter-follower cir-
cuit has an input impedance of nearly half a
megohm, reducing loading effects, and pro-
vides more than 10 db current gain, which will
more than fully drive the frequency meter from
any ordinary signal. Any small transistor-type
interstage transformer may be used; its prime
purpose is to keep all dc out of the frequency-
meter input.

cause 1t was felt unnecessary.

That’s all there 1s to it—except justificatio
of the “Five-Dollar Frequency Meter” name
Cost breakdown for a single-range unit is:

21 D 2NT0T TransiStors: o s es o 1.80

1 (=10 ma, MeLEE i\ e ioin vios st v 20D
4 Ia-watt resistors ... ... e a1 60
15 S 200~volt canaeitor o v cs.des aivis s, 1D

EOLRL o sy e $4.61

This is based on use of a moving-vane mete
and no range-switching features. Use of
d’Arsonoval movement and a range switch wi
boost the cost a bit, but it will still be ver
reasonable for such a versatile unit. Have fu
with the freq meter, and happy homebrewing
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(if they can get this Key-
municator® away from you)
e L o T

This is a hand key, complete with a built-in
transistorized CW oscillator, long life battery
(also built-in) and an earphone. Great for
learning the code . . . will transmit over wires
for miles to friends . . . or can be used
on VHF bands for sending ICW., Comes
mounted on a 9" x 12” base with the Morse
code printed on it and a supply of message
blanks. Ready to use. Any number may be
connected together.

. . at your distributor . . . $9.95

DOW-KEY COMPANY

Thief River Falls, Minnesota

ﬂew’ ...coming 1n November

CLIMASTER
MERCURY

CLIMASTER
ZEUS

hree years of development and field testing

were required to produce {hese worthy successors
to the Climaster 62T10.

Note some of the advantages you get with these
new units:

Dual Band Coverage ... 6 and 2 meters

Self Contained STABLE VFO

Compact, Modular Construction

Automatic Modulation Control

High Level Modulation

High Efficiency Tank Circuits

Fase and Convenience of Operation

CLIMASTER MERCURY 200 Watts AM Carrier Output

CLIMASTER ZEUS . 90 Watts AM Carrier Qutput
LABORATORIES

gg DIVISION OF CLEGG, INC.

Rt. 53, Mt. Tabor, New Jersey . OAkwood 7-6800

- - -

(MODULATION trom page 25)
by means of varying coupling to the final—
so that its trace just touches the 0 lines, the
minimum voltage trace will be directly propor-
tional to modulation percentage which can then
be read directly from the overlay.

When you use this gadget, you’ll find that
your ‘“modulation level” on CW will read 33.3
percent instead of 0. However, the pattern will
not reach to the 0 line at any time on CW
unless you readjust the coupling to the final.
The additional voltage necessary to raise the
pattern from 33 3 percent to 0 percent at the
high side on voice comes from the modulator
—it’s the “talk power” of your sidebands.

You may also be sure, the first time you use
this, that something’s wrong with the overlay.
There’s a great possibility that you’ll read less
than 70 percent modulation.

Dont’ cuss the gadget. The facts are sad but
true; a majority of ham transmitters presently
on the air produce only about 70 percent modu-
lation level in practice. In many cases, at-
tempting to exceed this level by means of ad-
vancing the audio-gain control results in dis-
tortion and splatter.

But that’s no fault of the measuring overlay.
The place to correct that problem is inside the
transmitter. The cures for modulation troubles
would fill an article in themselves, and every
transmitter poses a different situation.

However, once you know that you have a
problem, you’re halfway toward solving it.
Have fun with the overlay, and here’s hoping
you increase your talk power with it. [l

(TOROID COILS from page 37)

with the insulators is recommended to avoid
damage to the coil, core and insulators.

The remaining problem associated with the
use of ferrite toroid cores is the general lack
of availability through normal distributor out-
lets. While the references cited give sources for
certain specified cores, variety is limited and
prices, for these special items, are high. It is
the writers personal conviction that the alert
manufacturer who makes available, in distribu-
tor channels, a line of a dozen or so reasonably
priced, general purpose toroid cores will make
a killing. Cores made of low, medium and high
frequency ceramic and supplied in three or
four physical sizes should meet most experi-
mental requirements. If this article assists in
making these core materials more readily
available, it will more than have served its
purpose.

The radio amateur has been responsible for
many state of the art advances in the dual
fields of communications-electronics and this
new area offers fertile ground for experimenta-
tion. Try working with toroid rf inductors. In-
creased knowledge and skill will be yours, since
the surface is barely seratched in amateur and
commercial application of this new component
family. 73
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(WABBIT EARS from page 41)

some rf into the feed line as far as pattern
1s concerned. First we find that the usual fig-
ure eight pattern that we get from the
standard center fed dipole has been modified
considerably. The eight figure has lost weight
and grown in height, which means we are bi-
directional and showing gain on the two sides
at right angles to the plane of the antenna.
We are also down in radiated energy off the
ends of the elements. We are making good
progress toward our objective.

We now come to the last, but far from the
least, point of interest. With the elements
at an angle of 45 degrees from the vertical,
we find that the antenna will respond to both
vertically and horizontally polarized wave
fronts. This is a very nice thing to have at
any frequency and at higher frequencies much
desired. There are great gobs of “Hairy 0Old
Theories” regarding how waves turn and roll
after leaving the antenna system, but anyone
who has used a ground plane antenna will con-
firm the fact that there are times when they
can take all comers, and other times when the
Horizontal boys take over.

The simplest form of this type of system has
been used for about one year at the writer’s
location. The antenna is cut for 14.100 mega-
cycles and fed with RG8/U cable. The ele-
ments are made of sections from tank whip
antennas, which are 3 foot lengths and screw
together. Each section is also tapered progres-
sively. The base of the 90 degree angle where
the feed line attaches, is 25" above ground. The
unit is rotated by a TV type rotator. The ef-
fective height of the antenna, using the center
of one element as reference, is approximately
32" above ground.

Using 800 watts input the results have been
most gratifying. The DX signals have been
increased in intensity to a point where arm-
chalr copy is standard practice. The reports
from all contacts show a marked improvement
in transmitted signal over the ground plane
and two-element beams previously used.

The “Dual Polarity Personality’” gives sub-
stantial evidence of longer staying power dur-
ing conditions of change in fading periods.
Also the “fade” on this system is much less
than on other types of antennas which have
fixed polarity. This was tested by switching
rapidly from horizontal to vertical polariza-
tion as compared to the “V” configuration.

The possibilities of applying this principle
to multi-element beams is obvious and plans in
the near future are to construct a three-ele-
ment parasitic beam with the angled elements,
to gather full data. Again the test will be con-
ducted on scaled down models at UHF fre-
quencies before moving to full size 14 mega-
cyele elements.

In closing gentlemen, try one, and you too
can have the largest pair of “Wabbit Ears” in
your area. 3
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THE NEW T} LA-400-C
800 WATTS PEP SSB
LINEAR AMPLIFIER

NOW 800 WATTS PEP
FOR ONLY %164.95
THE “BEST BUY” YET

NEW modern styling! NEW high efficiency 3 element
band-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 bands B0-10 meters. May be
driven to B00 WATTS PEP SSB 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 are not directly interchangeable,
since sockets are different.) Typical P&H Low Z untuned
input. TVI suppressed. Parasitic Free. Meter reads grid
drive, plate current, RF amps output. Heavy duty power
supply using 816’s. NEW modernistic grey cabinet
measures approx. 9" x 15" x 10%2". Panel is recessed.
WANT TO SAVE MONEY? BUY IT IN KIT FORM. It's a
breeze to assemble and wire. BEFORE YOU BUY — SEE
THE NEW LA-400-C AT YOUR DEALERS.

LA-400-C Kit complete with tubes............ $164.95
LA-400-C Wired and Tested. . ............... $219.95

Lafayette, Ind

New, current, and slightly used

-93‘ ELECTRONICS INC.
(old timer) Hams to take ad-

424 Columbia
WANTED:
* vantage of New England's only

exclusive Ham outlet, handling all of the most popu-
lar new and used amateur items, We buy, sell,
trade, swap, rent, and service Ham gear only. For
the best deal around—try Bob Graham, W1KT].

Graham Company, 505 Main Street, Reading,
Massachusetts. Tel. RE 2-4000.

Reyco Mulliband '/Antenna Coils

Traps for dipoles . . . high strength . . . moisture
proof gucaranteed to handle a full KW.
Model KW-40 coils will, with a 108 foot antenna,

provide operation on

10-15-20-40-80. $12.50 set.
For information on other models write:

FRED L. REYNOLDS W2VS, 492 Ravenswood Ave.,
Rochester 19, New York
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(10 METER CONVERTER from page 1)

e transistors provisions can be made for
ounting small transistor sockets. ELCO 3301
ckets are ideal transistor sockets for circuit
ards. The sockets make it easy for experi-
enting with various transistors.
The coils should be wound and ready for
ounting next. Coil data is found under Cir-
1t Drawing, Fig. 1. L1, L.2 and L3 are wound
- 98" diameter ceramic coil forms which are
on slug tuned. 1.4 is a vari-loopstick with
e secondary scramble wound over the pri-
ary. The coil taps are made by twisting a
" of coil wire at the appropriate place for
e tap. The twist is then stripped by holding
e twist in a match flame and finishing with
e steel wool or emery paper. After stripping
e twist can then be solder tinned.
The coils and transistor sockets ecan now be
yunted on the circuit board. Following Fig. 3
e resistors and capacitors may be mounted
d soldered in their proper place. Care should
used when soldering on the circuit board.
1ly hold the heated iron on long enough to
ke a good soldering connection and use only
rood rosin core solder. Capacitors C7, C8 and
| are soldered directly across coils L1, L2
d L3. After all components have been
ounted and soldered check the circuit board
rough with Circuit Drawing Fig. 1 to elimi-
te any possible mistakes, The X-sistor Con-
rter 1S now completed and ready for final
justments. The converter may be covered
th any type of a box. The author used a
x 4" x 2" Bud aluminum . chassis with J1
d J2 fastened closest to the input and out-
t.

Adjustment and Operation

Before operating the converter use a grid-dip
ter to tune the local oscillator to approxi-
tely 28 me. This check is made with the
werter switech off and by adjusting L3 for
» dip. Adjust L1 and L2 for approximately
mc. Additional accuracy may be obtained
* checking the oscillator if another receiver
1ed to 28 me 1s used. If this method is used,
'n the converter switch on and adjust L3
til a beat note is heard cn the receiver.

[t 18 necessary to use a length of shielded
le between the converter and the auto re-
ver., After making this connection and turn-
- the receiver and converter on you should
rt to hear signals. Final peaking is best
1e by tuning in a signal and adjusting L1
1 L2 for greatest speaker output. When
ng a 28 me crystal, signals at 28.5 me will
pear at 500 ke and 29.5 me signals appear at
)0 ke on the broadcast band dial. After the
al adjustments are made the converter may
mounted at any convenient place on the
to dash and you will enjoy many hours of
ening on the 10 meter amateur band. 73
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GET THE MOST
OUT OF
YOUR HAM STATION

SHORTWAVE PROPAGATION by Stanley Leinwoll
(Radio Frequency & Propagation Mgr.—Radio Free
Furope)., Of special interest to those concerned with
radiocommunications.Thisreview in QST (May 1960)
sums up the book’s vital interest to all amateurs:

WZ2RID

interested in ionospheric propagation ....... s
There 18 .. . background material—necessary for an
understanding of the subject—on the ionosphere, on
radio waves, on sunspots and the sunspot cycle,*all
lreated in language that is easy to follow. The sec-
lwon on ionosphere measurements introduces the
gdeas th_a:t are important to the detailed understand-
ing of ionospheric propagation, leading to the use
uf_ wnospheric charts and predictions for the deter-
mination of maximum usable frequencies and opti-
mum working frequencies. The calculation proce-
dure for distances shorter than the maximum one-
hop, generally meglected in amateur literature, is
also included,

Of special wmterest to QST readers are chapters on
amateur contributions to knowledge of wave propa-
gation and a forecast—advanced with admitted cau-
tion!—of probable amateur-band conditions during
the coming sunspot cycle. Throughout the book the
reader 18 introduced to various interesting aspects
of propagation: one-way skip, for example, scat-
ter, meteors, auroral effecis — all the things that
hams continually encounter in everyday operation.
I@ would be hard to find a question about propaga-
tion wn the 3-30 Mc. region — at least the type of
question that an amateur would ask—that isn’t cov-
e*rad somewhere in this book, even if only (of neces-
sity) by the statement that the.answer hasn’t yet
been discovered.” f231, $3.90.

RIDER GLOBAL TIME CONVERSION SIMPLIFIER by
Lt. Col., John G. Daiger (Ret’d). What time is it in
Oslo? In New Delhi? In San Francisco? In Rio de
Janeiro? No matter where vou are located vou can
tell at a glance what time it is anvwhere in the
world with the greatest of ease. It lists small towns
and large cities around the world: large cities and
small towns in the United States. It is color-keved
to tell yvou immediately the correct day. Corrects for
areas that have Daylight Savings Time. Has con-
version tables for those who use 24-hour caleulated
system. Ideal for communications personnel, air-
lines, banks,and travellers. Colorful chart and map
and makes it usable to anvone. #238, $1.

HOW TO USE GRID-DIP OSCILLATORS by Rufus
P. Turner K6AI. The first book ever devoted en-
tirely to grid-dip oscillators tells you how to con-
etruet and use this very versatile instrument with
best possible results. It is applicable to all kinds of
radio receivers and transmitters, also to television
receivers. The grid-dip oscillator is a troubleshoot-
ing device—an adjusting device—a frequency meas-
uring device —applicable to circuits and components
in circuits — to antennas; also a signal source of
variable frequency. 245, $2.50.

GET YOUR COMMERCIAL - __
TICKET EASIER WITH... % §

Kaufman’s
RADIO OPERATOR’S LICENSE
Q AND A MANUAL

Now available 6th edition
up to the minute

The BEST hook for FCC
License Preparation
Covers elements 1 thru 8.

The only book with complete

6th EDITION
discussion of answers to every

technical question in the FCC Study Guide.
Makes it very easy to answer multiple choice
questions. #130,cloth,$7.10

. » « Written at just the right level for the amateur

Available at your electronics parts distributor, or order direct

add city & state taxes.
All prices subject to revision,

Leave 73 around for the family to see ®

JOHN F. RIDER PUBLISHER INC.
116 West 14th Street, New York 11, N. Y.
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