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[
! New Achievement Kit
e excl eme“ Custom Training Kits

"Bite Size"” Texts
= Only NRI offers you this pioneering
method of “‘3-Dimensional’’ home-
o ea rnln study training. It's the result of
more than half a century of simpli-
fying, organizing, dramatizing
= subject matter. As an ambitious
I nl s man you can effectively learn the
] . | Electronics field of your choice the
NRlway. But NRI training is more
than kits and texts. It's personal

|| | || || ! .
services, too, which have made
WI ralnln I s NRI a 50-year leader in the home-
] study field.

YOU GET MORE FOR YOUR MONEY FROM NRI
Everything that you see here is included in
just one NRI course. Other courses are
equally complete, yet you'll be surprised at
the low cost. Text for text, kit for kit, dollar
for dollar—your best home study buy is NRI,

Available Under
NEW GI BILL

If you served since January 31,
1955, or are in service, check
Gl line in postage-free card.

O N St rpy,
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Earn ¥4 to 86 an hour
spare or full time in

TV-RADIO
SERVICING

Wart to earn extra money? Looking
for a good paying job? interested in
your own full-time business?
Radic-TV Servicing is the branch of
Electronics offering all these
opportunities. In addition to
teaching you the facts, NRI shows
you how to earn while you learn.

You can learn quickly how to install,
maintzin and service tube and
transistor home and auto radios,
TV sets (including booming Color
TV), hi-fiand stereo, public address
systems. Like thousands of others,
vou can be earning $4 to $6 an
hour in spare-time starting soon
after you enroll.

There’s glamor and
success awaliting you in

BROADCASTING—
COMMUNICATIONS

Good paying, fascinating positions
await competent Communications
Operators and Technicians. Broad-
cast stations, commercial stations,
ships, aircraft, land vehicles all
need men who know how to
maintain and repair transmitting
and receiving equipment. With

closed-circuit TV, Facsimile, Micro-

wave, Radar, Telemetry and all the
communications needs of the
Space Age, you can see how
important training in this field has
become. NRI training includes
preparation for your First Class
Radiotelephone FCC License.

And you must pass the FCC exam
or NR! refunds your tuition in full!

More than
50 years of leadership
in Electronics Training

www.americanradiohistorv.com

Move ahead in America’s
fast moving industry as an

ELECTRONICS
TEGHNICIAN

There is a serious shortage of
qualified Electronics Technicians.
Electronics has found its way into
hundreds of areas not even
dreamed of ten years ago: offices;
manufacturing; medical and denta}
uses; transportation; space
exploration; government and mili-
tary equipment . . . there's no end
of opportunity for trained men.
This course stresses the basic
principles around which most
Electronic devices are built;
prepares you for many current job
openings. Prepare now. Learn
Automation, computers, data
processing, ultrasonics, telemetry.
Whatever your interest in Elec.
tronics, you'll find an NR! training
plan for you. Check tae course

of most interest to you on the
postage-free card ane mail it today
for your free NRI Catalog. No
obligation. No salesman will call.
NATIONAL RADIO INSTITUTE,
Washington, D. C. 20016.
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POPULAR ELECTRONICS

WORLD'S LARGEST-SELLING ELECTRONICS MAGAZINE

VOLUME 27 NOVEMBER, 1967 NUMBER 5

SPECIAL CONSTRUCTION FEATURE

GEORGE J. WHELAN, k28i1E 41  POLICE SPECIAL 1I
Build self-containcd no-nonsense superhet for 152-176 MHz

FEATURE ARTICLES
LOUIS E. GARNER, JR. 29 MUSIC A LA THEREMIN
Solid-stale version connects lo hi-1i system
34 HI-FI SPEAKERS FOR SMALL ROOMS
A look at the Pioneer CS-24 ond Whorfedole WZ0D
S. WALD 40 BATTERY-LESS DWELL METER

THOMAS KENT 49 CLANDESTINE BROADCASTERS
{nternationol short-wove broodcasting goes underground

DAVID B. WEEMS 53 INSTANT NON-FAT SPEAKER ENCLOSURE

MATT P. SPINELLO, KHC2060 5% ON THE CITIZENS BAND
FRANK H. TOOKER 57 LOW-COST HIGH-QUALITY ELECTRONIC VOLTMETER

Build your own test eauipment for solid-stole experiments

CHARLES J. SCHAUERS, woQly 66  INFORMATION CENTRAL
69 POPULAR ELECOMICS
ROBERT P. BALIN 70 COLOR CODE QUIZ
DON LANCASTER 71  EXPERIMENTER’S “PROFESSIONAL’’ POWER SUPPLY

Dozens of IC experimenis are com ng up—2et (eady’

ROBERT LEGGE 74 FOREIGN-LANGUAGE BROADCASTS TO NORTH AMERICA
HANK BENNETT, W2PNA 75 SHORT-WAVE LISTENING

Tuning the medium woves

BiLL LEGGE 76 ENGLISH-LANGUAGE BROADCASTS TO NORTH AMERICA
HERB S. BRIER, WOEGQ 77  AMATEUR RADIO

Upcoming contesis

LOU GARNER 79 SOLID STATE
ROBERT N. TELLEFSEN, WOKMF 82  THE "“40-POLE”

Simple veitical for 40-meter hom or 41-meter broodcost bond

DAVID J. SWEENEY 83 PUT FM IN YOUR CAR
FRANK H. TOOKER 84 THE R-MATCHER

DEPARTMENTS

8 LETTERS FROM OUR READERS
14 TIPS & TECHNIQUES

: 15 READER SERVICE PAGE

22 NEW PRODUCTS

26 ELECTRONICS LIBRARY

96 NEW LITERATURE

100 OPERATION ASSIST

Short-circuit with safety n Familiar-looking jug? 53

POPULAR ELECTRONICS is Indexed This month's cover photo by
in the Readers' Guide Bruce Pendleton

to Periodical Literature

Copyright © 1967 by ZIFF.DAVIS PUBLISHING COMPANY. All rights reserved.
POPULAR ELECTRONICS, Noromber 1967, Volume 27, Number 5. Publisked monthly of 3607 North Michigon Aveawe, Chicano,
Hiinuis 60601, One year subscriplion rate for U.N.. U8, Possessions and Cuanada, X500 0 gll other countrics, $6.00. Sceond cluss
postage puid ot (hicage, Hlinvis and at mlvhllurml nhul:nn n[]‘uu Authocized as second clqw wil by the Poxt Office Beparbmind,
Ottea, Canade and for paument of postage in cash. Swbscciption secvice: Portlund Place, Bonldrr, Culorudo 8y302. Editerinl: One
Park Aves New York, N fon 16,
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See Hundreds of
Truly Exclusive

November, 1967

cB
TAPE
CARTRIDGES
CASSETTES
RADIOS
PHONOS

KITS
MICROPHONES
SPEAKERS
TUBES
RECORDERS
PARTS

at ‘‘no middleman®’ prices!

America’s Largest
Electronics Store

Chain Brings You
The Only Catalog
That Isi’t «“Me Too”’

NOW OVER 170 STORES
IN 34 STATES NATIONWIDE!

ONLY RADIO SHACK'S CATALOG is principally con-
fined to products of our own design. That's why we say it
isn't “me wo.” That's why it's so cagerly awaited by
thousands of pro’s. hams, CB'ers, audiophiles, teachers,
music lovers and clectronics hobbyists! YOU NEED the
new Radio Shack Catalog 08 to know what's really new
in clectronic pares and equipment. That's why you should
SEND TODAY TFOR YOUR FREE COPY. magnificently
published in colorgravure on 8'2x117 scock. I1t's the finest
effort, the biggest array of new products, in our 15 year
histery. Use handy coupon below.

Mail ?oga—y fo: Radio gh;;k_M—;i_lin—g fisf—C_enTer_. -

2727 West 7th St., Fort Worth, Texas, 76107
[] Rush my FREE Radio Shack Catalog '68

via return mail to address below:

Name
Street
City
o _ _bDeptwo State —— Zip ———
CIRCLE NO, 23 ON READER SERVICE PAGE s

wWwWw.americanradiohistorv.com


www.americanradiohistory.com

FULLY EQUIPPED FOR
HWEDIATE OPERATI
ALL CHANNEL!
L

23-CHANNEL CB
mobile and base station

AM TRANSCEIVER

SREATER RANGE POWER with the exclusive
new DYNA-BOOST circuit that intensifies speech
signals and extends the signal range.
The new Cobra CAM-88 is rugged, handsome and
field proven. Compare it, feature for feature, with
other CB equipment and you’ll be convinced that
the Cobra CAM-88 is by far the best.

Outstanding Features

Fully-Equipped for Immediate 23-channel Transmit
and Receive

Double Conversion Superheterodyne Receiver
Transistorized 117V AC/12V DC Power Supply
Speech Compression with Switch

Delta-Tune Fine Tuning

Squelch Control and Standby Switch
llluminated Dual-Purpose Meter

Power-in (Receive)-Power-out (Transmit)
Modulation Indicator

Detachable Press-to-talk Microphone
Convertible to a Public Address Amplifier

LI

Carefully engineered design makes the Cobra com-
pletely reliable and easy to operate. Completely
self-contained. Noadditional crystals needed.$ 2 1495

DIVISION OF DYNASCAN CORPORATION
1801 W, BELLE PLAINE AVE.: CHICAGO, ILL. 60613

Made in U.S.A.
Export: Empire Exporters, 123 Grand St., New York 13, U.S.A. Also available in Canada
CIRCLE NO. 7 ON READER SERVICE PAGE
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A SUBSIDIARY OF u Beu-HoOwELL

S0 many
DeVry-trained
% Men Step Into
Electronics Jobs
g, 8 the Day after
Somekd Graduation!

EVERY GRADUATE CAN ALSO RECEIVE EMPLOYMENT HELP
THROUGH HIS ENTIRE CAREER, AT NO ADDED COST

DeVry's greatest claim to fame is the DeVry's educational programs are de-
progress of its graduates. Our aim is to signed to prepare men 17-45 in their
prepare a man so thoroughly that we spare time at home or in any of our three
can recommend him to employers . . . well-equipped, modern resident schools
ready to step into a job the day after in Chicago, Phoenix or Canada. Why
graduation. If we expect to continue to not fill in and mail coupon for free facts
help employers, our graduates have to today?

be good! That is why we provide top Approved for Veterans.

= = — e — = —

DeVRY INSTITUTE of TECHNOLOGY
4141 Bel Av ,Chicago, Il. 60641, Dept.PE-11-X

quality instruction—followed by career-
long employment service at no added

cost. Please give me your two free booklets ‘Pocket Guide to Rea! Earnings,”
and Electronics in Space Travel”; also include details on how to prepare
. fields {check one or more):
For FREE |nf0rmat|0n [[] Space & Missile Electronics ] Communications

| for a career in Electronics. | am interested in the following opportunity

Lack of technical experience is no bar- [J Television and Radio ] Computers

: Microwaves Broadcastin
;ler to the rparhvggl%kz?ﬁéss lg prepare % Radar PW Industrial E|gectronics
or a career In . Send cou- Automation Electronics Electronic Controt
pon for two FREE booklets and find = o
out why. Name Age
Accredited Member of National Home Study Council Address Apt
; iy State or Zone or
City Province Zip Code

[J Check here if you are under 16 years of age.

HOME STUDY AND RESIDENT SCHOOL PROGRAMS
2106 AVAILABLE IN CANADA. SEND FOR DETAILS.

November, 1967 7
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...the soldering tools
professionals depend on

original Dual Heat

Soldering Guns

Preferred by technicians for
their fast heating copper tips,
exclusive trigger-controlted dual

heat, and high soldering effi-
ciency. Available in 3 wattage
sizes, each with spotlight.

100/140-watt Model 8200, 145/

210-watt Model D-440, and 240/

325-watt Model D-550. Also in
complete kits:

* Model 8200PK includes 100/140 watt gun,
extra tips, tip-changing wrench, flux brush,
soldering aid and solder

¢ Model D-550PK heavy-duty 240/325 watt gun
kit with soldering, cutting and smoothing tips,
wrench and solder

Dependable MARKSMAN lIrons
in a size for every job

Ideal for deep chassis work and continuous-duty
soldering, Marksman irons outperform others of
comparable size and weight. All five feature iong-
reach stainless steel barrels and replaceable tips.

o 25-watt, 13-0z. Model SP-23 with %" tip

(In kit with extra tips, soldering aid, solder—
Model SP-23K)

40-watt, 2-0z. Model SP-40 with 14" tip

80-watt, 4-0z. Model SP-80 with %" tip

120-watt, 10-0z. Modet SP-120 with %" tip
175-watt, 16-0z. Model SP-175 with %" tip

NOW a BATTERY OPERATED IRON
for field servicing

Use this lightweight service tool for automotive
wiring, model planes, or mobite communications.
Works from any 12 voit bat-
tery or 12-14 volt AC/DC
supply. Supplied complete
with long-life patented “‘Tem-
perature Sensing'’ tip, 12-ft.
power cord and terminal
clips. Model TCP-12—12 volt;
Model TCP-24—24-28 voits.

Complete Weller Line includes replacement tips and
solder at your Electronic Parts Distributor

WELLER ELECTRIC CORPORATION

Easton, Pa.

WORLD LEADER IN SOLDERING TECHNOLOGY
CIRCLE NO. 39 ON READER SERVICE PAGE

LETTERS

FROM OUR READERS

Address correspondence for this department to:
Letters Editor, PopuLAR ELECTRONICS
One Park Avenue, New York, N. Y. 10016

KEEP IC PROJECTS COMING

I wish to point out an unprecedented erro-
neous flabbergastidy that appeared in the
“Spots Before Your Eyes'’ article (September,
1967). On page 29 you show Oriental and
Vermont Avenues each with a hotel on them,
and Connecticut Avenue—in the same color
group-—with only three houses on it. Each
hotel is equal to 5 houses, and the rules of
“Monopoly” specifically state that a player
must build evenly on each piece of property
in a color group. Therefore, how can you
show a hotel (equal to 5 houses) on two pieces
of property and only 3 houses on the last
lot? Connecticut Avenue must have 4 houses

on it before Oriental and/or Vermont Ave-
nues can have a hotel. Don Lancaster should
be informed that errors like this can start
riots.

However, I won’t make any further issue
of this point if PoruLar ELECTRONICS keeps
these fantastic IC projects coming. They not
only keep me updated on electronics, but also
provide great sources of enjoyment and scien-
tific interest.

Howarp TARJIEFT, JRr.
Trenton, Mich.

Howard, yowre perfectly correct about
even building on each piece of property in
a color group. We'll tell Don Lancaster, who
no doubt will hang his head in shame. As
for presemting more IC projects, keep read-
ing PorULAR ELECTRONICS—you won’t be dis-
appointed.

ELECTRIC-SHOCK DOG TRAINING COLLAR

In the April, 1963, issue of PorULaAR
ELECTRONICS (page 8), you published a letter
from Bruce Hannon requesting a construc-
tion project for an electric-shock dog training
collar. At that time your answer was that
yvou preferred not to publish details of a
homemade electronic dog collar as it might

POPULAR ELECTRONICS
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Live Better Electronically With

RLAFAYETTE!

‘ RADIO ELECTRONICS

o an NOW OFF PRESS!

Latest Electronics
Buying Guide

1968 CATALOG 680
Over 500 Pages

New*
23 Channe! 2-Way
CB Radio

Atl Solid State
with IC's

e STRRE

=T

Solid State Stereo
Tape Recorders
with Automatic Reverse

T

Y

-~ e
. 7k Solid State FM-AM
Receivers
5 B _ pHits with ©IC & FET's

A complete buying guide to HI-FI, CB, Amateur gear,
Optics, Musical Instruments, Tools, and Auto Accessories

———_ LAFAYETTE Radio ELECTRONICS

./ Dept. IK-7 P.0.Box 10 I:.l:'i,:__
Syosset, L.I.,, N.Y. 11791 =

Send me the Free 1968 Lafayette Catalog 680 IK-7 :
Name o :
i
Address __ i
i
City State Zip ]
(Please Give Your Zip Code No.) |

I I GEN INN GEN Y BN GBN OB GBN GBN OD BN BN B G SN Ae e s S - J
CIRCLE NO. 23 ON READER SERVICE PAGE
November, 1967 Q
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LETTERS

(Continued from page 8)

cause injury to the dog if improperly con-
structed or improperly used.

I was also interested in this idea but some-
what worried about the wvoltage drop to
ground through the dog. I researched this
nagging question and found that as little as

30 mA could cause fibrosis of the dog’s heart.
So. for the time bheing, 1 pursued the matter
no further.

Now I also ask for construction details for
an electric-shock dog training collar. I know
that devices of this nature should not be used
as punishment devices, but I could come up
with a training schedule that would not be
likely to ruin the dog’s nature.

MorGaN KENNEDY, JR.
New York, N.Y.

Morgan, our orviginal feelings about an elec-
tric-shock dog training collar are still very
strong. Whether such a device is employed
as « punishment inflicting medium or as a
training «id is immaterial, especially where
the dog is concerned. Even though the elec-
tric shock is restricted to the neck area of
the dog—and is very unlikely to cause a
dangerous shock to ground through the dog’s
body as wow sugyested—using an electric
shock to train « dog is far from « humane
way of treating an animal.

WHERE TO OBTAIN IC'S

The “Square Deal” Audio Generator (No-
vember, 1966) featured the use of IC's (inte-
grated circuits). This was followed by two
more projects using IC’s in the December,
1966, issue. In all these projects, Fairchild
Semiconductor was listed as the source for
data sheets and distributor lists. I wrote to
Fairchild. and they sent me data sheets but
no distributor list. Can you tell me where I
can buy these Fairchild Semiconductor IC’s
and approximately how much they cost?

L. M. STRYKER
Lieutenant, U.S.N.
Yorktown, Va.

Lieutenant, since we have had several in-
guiries like yours. we have endeavored to

obtain « Fairchild Semiconductor distributor
list. Space does not permit us to list all of
the distributors here. However, project build-

Made especially for cooling transistors,
tubes and other heat generating components

Helps guard against part failure
Ensures trouble-free life — peak performance

Costs only a few pennies to operate —
saves dollars in repair bilis

® So quiet and noise-free, you have to feel the breeze

to know it is at work
® Quickly and easily installed

Only
$14.85
Complete!

POPULAR ELECTRONICS
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EXTRA POWER

with

AMPLIFIERS

For perfect color TV and
FM Stereo Reception

FINCO MODEL #65-1
Distribution Amplifier
$29.95 list 2-tube 4.
output VHF-TV or FM
Distribution Amplifier
for 300 OHM Opera-
tion, providing 8 dB
gain at each 300 ohm
output to feed home or
commercial systems.

FINCO MODEL #65-2 FINCO MODEL #65-6

Distribution Amplifier
$39.95 list 2-tube 4-
output VHF-TV or FM
Distribution Amplifier
for 75 OHM CO-AX
Operation, providing 6
dB gain at each 75 ohm
output to feed deluxe
home or commercial
systems.

FINCO

FINCO MODEL #65-4
Antenna Amplifier
$47.95 list VHF-TV
Two-transistor Antenna
Amplifier for 75 OHM
Downlead, and power
supply with built-in
single or dual 300 ohm
outputs. Provides 12
dB gain in the low band
and 14 dB gain in the
high band.

FINCO MODEL #65-5
Distribution Amptifier
$44.95 list VHF-TV 75
OHM Single Outtet Dis-
tribution Amplified for
deluxe home or com-
mercial use to feed
muitiple sets through
line tap offs or split-
ters. Delivers 17 dB
Low Band and 14 dB
High Band.

Amplifiers $79.95 list.
VHF-TV AntennaMount-
ed two-transistor pre-
amplifier with 75 OHM
two-tube Single Output
Distribution Post-am-
plifier up to 30 dB gain
for improved reception.
Used in home or com-
mercial installations to
feed multiple sets.

FINCO MODEL #65-3

Antenna Amplifier
$44.95 list New VHF-
TV Antenna Amplifier
and Power Supply with
built in single or dual
outputs to improve re-
ception of weak signals
in fringe areas. Pro-
vides 12 dB gain in the
low band and 14 dB
gain in the high band.

N

Sets “"COME ALIVE” with
Brilliant Sound and Color

A Finco high-gain, low-noise amplifier
will bring in the sharpest COLOR or

B & W TV picture and the finest sound!

All FINCO Products are Engineered
For Color!

FINCO MODEL #65-7
FM Signal Amplifier
$24.95 list. One-tran-
sistor Indoor Behind-
the-set FM amplifier
with a passive filter in-
put circuit to reject sig-
nals outside the FM
band which cause in-
terference. Delivers 20
dB Gain

5 OF THE WORLQ ’44,
o

[ F coLon

\ BLACK /| WHITE / ‘0
e ——
‘°ND FMm ANTE“‘\
Write for Color Brochure #20-411.

THE FINNEY COMPANY

34 W. Interstate Street « Dept PE . Bedford, Ohio 44146

CIRCLE NO. 17 ON READER SERVICE PAGE
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This is the booklet
Popular Electronics’ readers
have been turning to since the
beginnir:g of high fidelity to see
the most advanced developments
in record playing equipment.

It's Garrard’s Comparator Guide
and an entirely new edition
is Just off the press.

In it. you'll read about
Garrard’s new Synchro-Lab Motor™
and the exciting new series of
automatic turntables it powers
.. . the Synchro-Lab Series.™

Write today for your
complimentary copy.

Dept. AS-13, Westbury, N.Y. 11590,
Please send Comparator Guide.
Name

British- Industries Corp., a division of Avnet, Inc.

CIRCLE NO. 18 NN RFADFER SERVICE PAGE

LETTERS  (continued from page 10)

ers who live in the West can contact Hamil-
ton Electro Snles—North, 340 Middlefield Rd.,
Culver City, Calif. 94041, in the Central states.

| Semiconductor Specialists, Inc.. 6154 Jeffer-

son Ave., St. Louis, Mo. 6313} ; and in the East.
Schweber Electronics. Westhury, LI, N.Y.
11591. According to owr latest imformation,
the suguested list prices of the uL900 and
nL81y are 80 cents and $1.50, respectively.

READER CIRCUIT HANDBOOK—A POSSIBILITY

I agree with Tom Ordon (“Letters From
Our Readers,” August, 1967) that a handbook
ol the reader circuits that appear in vour
“Solid State” column would be desirable to
the readers of PorurLar ELrcTroNIcs. I have

been copyving many of the diagrams and

placing them in a looseleaf binder. A hand-

book would be more compact, neater, and
easier to follow.

James L. BOCHANTIN

Du Bois, I11.

Subsequent to the appearance of Tom’s
letter, we have had quite a response from our
readers in favor of this idea—so much, in
fact, that we arve seriously considering the
publication of such a handbook.

OLD AND OBSOLETE TUBES FOR SALE

I have noticed many requests for ohsolete
items in Porvrak ELECTRONICS——vacuum tubes,
small parts, and out-of-date schematic dia-
grams. I have about 3000 old and obsolete
tubes ranging from 01-A’s to 117Z6’s, and
would like to reduce my inventory. About
40% of these tubes are new and still in their
boxes; the others are not hoxed and some arc
used, but all are in perfect working order.
My stock also includes loctal types selling
for ahout $7 at the present time. Any of vour
readers who would like to obtain a stock of
these tubes can have them at 10 cents each
in lots of 100.

R. 1. BeaLne
6645 SW 73 Court
S. Miami, Fla. 33143

Weve included yowr complete addiress.
R.I., so that interested readers can contact
you directly. 30

CIRCLE NO. 20 ON READER SERVICE PAGE —>»
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xﬁqtfams NEW CLR 2 THAN
ANY OTHER £/ASE STATION
ANTENNA FOR CITIZENS BAND

because they
work better

19'10%2" radiator
is maximom

legal he ght ...
provides maximum

because theyre —
built better /;:

Rugged double-grip
mast brzcket P>

Taper-swaged
seamiess

aluminum tuking
signal capture

& s area — 4
Top Hat originally \ : -
conceived by Hy-Gain \ o
effectively reduces ' Unique fullp, .

circumference com-
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erts vise-like grip to
insure permanent
protection against
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chanical failure.
Hy-Gain exclusive.
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wind resistance:
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Va wavelength radials
insure maximum
gain through
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of radiation
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When THIS_ Pmneer_ Speaks

Rz

Model CS-24 PIONEER
Full-Fidelity Compact
Slimline Speaker System

...an incredible value at 32750 ea.

Listen , . . to the outstanding beauty, clarity
and definition of this s/imline Pioneer CS-24
speaker system. It's the ideal system for high
fidelity vocal reproduction and total musical
enjoyment. The CS-24 has been the “HIT"
of Hi-Fi shows wherever shown,

A remarkable engineering achievement in a
system of this kind, the CS-24 is a dual cone
8" speaker system. Decorator styled in jewel
ry polished silver or black metal grille and
framed in superbly finished matched wood
grain cabinet. Whether wall or shelf mounted,
Pioneer Model CS-24 enhances the appear-
ance of any office, living room, den or kitchen
Only the world’s largest loudspeaker manu-
facturer can bring you such tonal pleasures
at such an unbelievably low price of $27.50
each, and guarantees it for 3 years, too. Size:
10%” H. x 16%" W. x 43" D

SPECIAL OFFER
TO POPULAR ELECTRONICS READERS!

If not available at your nearest dealer you
can order direct, and we will credit our near-
est franchised dealer accordingly. Just com
plete coupon helow and mail with your check
to Pioneer. No COD’s please.

p————— FILL OUT & MAIL TODAY —————

PIONEER ELECTRONICS U.S.A. CORP.
140 Smith St., Farmingdale, N. Y. 11735
® (516) 694-7720

| send me Mode! CS-24 Speaker Systems @ 2750 each
| FOB Farmingdale, N. Y. I want the following finish

| O sitver [0 Black. Check enclosed for $
| (Add state/local taxes where applicable).

| Name ...

i Street

SIMPLE JIG IMPROVES
APPEARANCE OF PROJECTS

When wiring several small parts to closely
spaced terminals, you can give your project
a neat, factory-wired appearance by bending
component leads to a uniform shape. A simple
jig, consisting of a block of wood and a few
headless nails,
is all you need.
Before driving
the nails into
the block of
wood, bend the
leads of a small

1

component to - ; o
the desired e s

shape, then set - "@' P ‘
the component o 5/

on the block of R
wood, and ' A 4

drive the nails
in at the bends
as shown in
the photo. For
different size components, you may need sev-
eral of these easy-to-make jigs. With the aid
of a jig, you can speed assembly time, elimi-
nate “kinked” and broken component leads,
and reduce the possibility of unwanted short
circuits. —Frank H. Tooker

CANCEL MONO NOISE
ON STEREO RECORDS
Rumble and record surface noise are common

problems when mono records are played on a
stereo record player.

You can reduce or even
eliminate this
noise if the two
“signal” con-
ductors from
the phono
pickup are
shorted to-
gether. This
can be quickly
accomplished
with a simple
switching ar-
rangement at
the amplifier
input. Mount a
miniature
s.p.s.t. slide switch in a small metal case.
'Then mount two phono jacks on one side of

| City/State ..o Zip Code ..o i the case and two phono plugs on the other
e e e e e e e e e P | side, using the case as a common ground for
CIRCLE NO. 41 ON READER SERVICE PAGE
14 POPULAR ELECTRONICS
wavw americanradiohistory com -
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READER
SEFIVICE PAGE

- L] [ ]

L]
free information service:
Here's an easy and convenient way for you to get additional information about
products advertised or mentioned editorially (if it has a ‘‘Reader Service
Number’’) in this issue. Just follow the directions below...and the maternal
will be sent to you promptly and free of charge.

1 Print or type your name and address on the
B jines indicated. Circle the number(s) on
the coupon below that corresponds to the key
number(s) at the bottom of the advertisement or
editorial mention(s) that interest you. (Key num-
bers for advertised products also appear in the
. Advertisers' Index.)

2 Cut out the coupon and mail it to the
B ,ddress indicated below.

3 This address is for our product “Free
B jnformation Service” only. Editorial in-
quiries should. be directed to POPULAR ELEC-
TRONICS, One Park Avenue, New York 10016;
circulation inquiries to Portland Place, Boulder,

Colorado 80302.

pOpULAR VOID AFTER DECEMBER 31, 1967 :
ELECTRONICS =iioccriin, pa. 15101 :

1 23 456 7 8 91011121314151617 181920
21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70 71 72 7374 7576 77 78 79 80
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

NAME (Print clearly)

ADDRESS
CITY STATE ZIP CODE S

November, 1967
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GNCOMPARABLE
PACE 2300

ﬂ

{0 '_'_'
i “,

23 CHANNEL MOBILE
CB RADIOTELEPHONE

Here is the ultimate in efficient, ultra-
reliable solid state two-way Citizens
Band radio communication, with more
exclusive features than any other all-
silicon transceiver.

Transmitter—equipped with heavy sili-
con diamond output transistor, rated at
full authorized power (5 watts) « de-
livers 4 watts (typical) with 100%
modulation ¢ double conversion super-
heterodyne receiver with narrow band,
shaped audio response * custom styled
to match interior auto decor — hand-
some walnut grain metal case and
chrome bezel « all 23 channels installed
and factory tuned + full size “S"” meter
installed and calibrated * local/distance
receiver sensitivity control * exclusive
noise limiting ¢« Public Address and
loud hailer facility with front panel
control and separate speaker jacks -+
equipped for “Private Caller” selective
call accessory + quick-snap power cord
and bracket for easy transfer to other
vehicle » new locking latch rack « full
year guarantee on all parts, plus life-
time guarantee on glass fiber circuit

board. $219-95

Write for complete information:;

() PACE

COMMUNICATIONS CORP.
24049 Frampton Ave., Harbor City, Calif. 90710

Export Div.: 64-14 Woodside Ave., Woodside, N.Y.
Also available in Canada

16

CIRCLE NO. 28 ON READER SERVICE PAGE

TIPS

the four parts. Wire the jacks, plugs and
switch so that in one position the switch is
open and provides normal stereo channel
separation and in the other position both
channels are combined. Plug the switch box
into the inputs of your amplifier and the
phono pickup cables into the switch box as
shown in the photo. When playing mono
records, just switch to the “combine” position.

—Art Trauffer

(Continued from page 14)

SIMPLE SPEED REDUCER
FOR POWER TOOLS

Looking for a speed reducer for yvour portable
power tools? You can build one for the cost of
two chassis-mounting a.c. receptacles, a
d.p.d.t. switch, and a power cord. A table
lamp or other electrical appliance serves as a
current limiter, and thus a speed reducer.
(The speed of rotation of the power tool is
proportional to the amount of current flow-
ing. Therefore, if you want to reduce the
speed of an electric drill appreciably, you
would use a low watt-
age lamp in prefer-
ence to a high watt-
age one.) Once the
parts are mounted on
a small utility box,
wire them together
so that in one posi-
tion of the switch
the receptacles are in
parallel across the
line (label this position HI), and in the other
position both receptacles are in series (label
this position LO), as shown. To use the speed
reducer, plug the lamp or appliance into one
receptacle and the power tool into the other.
Set the switch to LO for reduced speed, to HI
for full speed. —James R. Oswald

MAKE QUICK AND ECONOMIC
PHONE-TIP-TO-PHONE-PLUG ADAPTERS

With the aid of a pair of Fahnestock clips,
you can easily mate headphone phone tips to
a standard phone
plug. Simply secure
the Fahnestock
clips to the appro-
priate terminals of
the phone plug,
using the screws
supplied with the
plug (see photo).
The phone tips can
then be connected
to the plug, and

;ﬁ:
H
( held in place se-

r
P curely by spring ac-

& tion of the Fahne-

stock clips. If the

need arises, the phone tips can be easily re-
moved. This simple trick eliminates unsightly
patch cords and does away with overly bulky
temporary connections. —Mark Bodian

I 10
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LOOK!
A New Electronics Slide Rule
with Instruction Course

e
i Y
.ol

¥
s

This amazing new “computer in a case’” will save )
you time the very first day. CIE’s patented, ali-metal >~
10" electronics slide rule was designed specifically
for clectronic engineers, technicians, students, radio- .
TV servicemen and hobbyists, It features special T —.
scales for solving reactance, resonance, inductance
and AC-DC circuitry problems...an exclusive eleCtI’Onlos
“fast-finder” decimal point locater . .. widely-used “ R . "
formulas and conversion factors for instant refer-
ence. And there's all the standard scales you need
to do multiplication, division, square roots, logs, ctc.
Best of all, the new CIE Slide Rule comes with
an Instruction Course of four AUIT-PRIGRAMMED " Iessons.
It includes hundreds of illustrations, diagrams and
practice problems. You'll learn ingenious short cuts
...whip through exacting electronics problems
quickly and accurately. This course alone is worth
far more than the price of the entire package!
Electronics Slide Rule, Instruction Course, and
handsome, top-grain leather carrying casc . . . a
$50 value for less than $25. Send coupon for FREE
illustrated booklet and FREE heavy vinyl Pocket
Electronics Data Guide. Cleveland Institute of
Electronics, 1776 E. 17th St., Dept. PE-138, Cleve-
jand, Ohio 44114, *TRADEMARK

GET BOTH FREE! ClevelandInstitute of Electronics
1776 E. 17th St., Dept. PE-138, Cleveland, Ohio 44114

Please send FREE Hlustrated Booklet describing your Electronics Slide Rule
and Instruction Course,

SPI-CTAL BONUS! Mail coupon promptly . .. get FREE Pocket Electronics
Data Guide too!

Name
(PLEASE PRINT)
Address County
coupon
City __State . Zip

|
|
|
]
|
|
|
|
1
|
|
|
1

today ' A leader in Electronics Training . . . since 1934,

Lo e e e o e e e o e e e e et St e e o et . e o s S e et e S e S S e S S o i e o e

CIRCLE NO 9 ON READER SERV!CE PAGE
November, 1967 17
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“Get more

education
or

get out of
electronics

.that's my advice.”

18 POPULAR ELECTRONICS
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November, 19¢7

CRET

Accredited Member
o the National Home Study Couneil

Ask any man who really knows the electronics industry.

Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

But, if you supplement your experience with more educa-
tion in electronics, you can become a specialist. You'll
enjoy good income and excellent security. You won't have
to worry about automation or advances in technology put-
ting you out of a job.

How can you get the additional education you must have
to protect your future—and the future of those who de-
pend on you? Going back to school isn't easy for a man
with a job and family obligations.

CREI Home Study Programs offer you a practical way to
get more education without going back to school. You
study at home, at your own pace, on your own schedule.
And you study with the assurance that what you learn can
be applied on the job immediately to make you worth
more money to your employer.

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Qur FREE book
gives complete information. Air-
mail postpaid card for your copy.
If card is detached, use coupon &
below or write: CREIl, Dept. g
121 1E, 3224 Sixteenth Street, -

N.W., Washington, D.C. 20010.

The Capitol Radio Engineering Institute
A Division of McGraw-Hill, Inc.,
Dept. 1211E, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010
Please send me FREE book describing CRE! Programs. | am
employed in electronics and have a high school education.

NAME. . = e S— | —

CITY - STATE.____ZIPCODE

EMPLOYED BY. —

TYPE OF PRESENT WORK P — _3 G BILL
| am interested in O Electronic Engineering Technology
O Space Electronics 3 Nuclear Engineering Technology
O Industrial Electronics for Automation

-
|

|

|

|

|

|

|

|

: ADDRESS______
|

]

|

|

|

|

: O Computer Systems Technology
—

b )

APPROVED FOR TRAINING UNDER NEW G.l. BILL

21
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NEW
PRODUCTS

Additional information on products cov-
ered in this section is available from the
manufacturers. Each mnew product is
identified by a code number. To obtain
further details on any of them, simply
Jill e and mail the coupon on page 15.

23-CHANNEL 2-WAY (B RADIO

Unique IC “noise silencer” circuitry—claimed
to be a first in CB radio—is incorporated in
Lafuyette Radio’s imported Model HB-625
23-channel transceiver, The 5-watt transmit-
ter section utilizes “range-boost” modulation

circuitry, while the dual-conversion receiver
section features mechanical filtering, delta
tuning, a variable squelch control, and an
automatic noise limiter. The HB-625 will
accept Lafayctte's “Priva-Com” private tone
caller, and it is equipped with internal public
address facilities. Crystals for all channels
are supplied.

Circle No. 75 on Reader Service Page 15

TV ANTENNA PREAMPLIFIER

Improved fringe area reception—on sets
more than 15 miles from the nearest TV or
. FM transmitter—is the
P - & purpose of Jerrold’s
’ 7 “Powermate” Model
CPM-107 antenna-signal
preamplifier. By over-
coming noise pickup
and antenna down-lead
losses, the CPM-107
permits weak signals to
get through much bet-
ter. With a 75-ohm in-
put and output, the unit
consists of a Jerrold
CPM-1 single-transistor
hroadband preamplifier
for VHF/FM and a Model 107 remote supply
for ‘“color-perfect” reception at all frequen-
cies. The housing is weatherproof (Cycolac)
and universal mounting brackets are used.

Circle No. 76 on Reader Service Page 15

AR -
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40-WATT AM/FM-STEREO TUNER RECEIVER

Pioneer’s Model SX-300T transistor stereo
receiver is an integrated system combining
an AM titner, an FM-stereo tuner and a 20-
watts-per-channel stereo amplifier on a single
chassis. The
FM - stereo
tuner utilizes
time-switching
demodulation
to achieve bet-
ter than 35 dB
channel sepa-
ration atl kHz.
The FM section has 3-xV sensitivity, 52 dB
image rejection, and a 55 dB signal-to-noise
ratio. The AM section employs a built-in
ferrite loopstick antenna and features 28-uV
sensitivity, 33-dB image rejection. Frequency
response is 20 to 20,000 Hz =3 dB, harmonic
distortion less than 1.0% at 1 kHz.

Circle No, 77 on Reader Service Page 15

DE-SOLDERING TOOL

Fast, safe, and efficient removal of micro-
miniature components is the aim of Ungar’s
‘“Princess’’ (tur-
quoise blue han-
dled) ‘“de-Solderette”
tool. The non-stick-
ing and non-clogging
tool is held in one
hand, leaving the
other one free for re-
moval of IC chips
and discrete devices
during re-work and Big
repair. The replace-
able tip of the “Prin-
cess” has an 0.033”
aperture, and the 18-
watt heat capsule delivers a tip temperature
of 600°F. Easy pickup is accomplished by the
red vacuum bulb which produces 5.5 ounces
per square inch of vacuum at the tip.

Circle No. 78 on Reader Service Page 15

”éff
[

N . )

CRT TESTER

Automatic color tracking—fast and accurate
-—is possible with Sencore’s new “CRT Cham-
pion” tester, Model CR143, eliminating the
need for tedious logging and comparing of
individual gun readings. With separate G2
screen grid con-
trols, each color
gun is set up and
then automati-
cally compared
to the others for
tracking. The
“Champion”
makes all stan-
dard color and
black-and-white
CRT tests, in-
cluding shorts,
emission, and
life tests, using pure d.c., A line-adjust con-
trol assures accuracy when you're checking

POPULAR ELECTRONICS
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EICO Makes It Possible____

Uncompromising engineering—for value does it!
You save up to 50% with Eico Kits and Wired Equipment.

Y a‘ﬁ{,?(af;w m & -
e SR Y ICortina -

- - ey - . _®.

Engineering excellence, 100% capability, striking
esthehcs the mdustry s only TOTAL PERFORMANCE STEREQ
at lowest cost.
A Silicon Solid-State 70 Watt Stereo Amplifier for $89.95 kit,
$129.95 wired, including cabinet. Cortina 3070.
A Solid-State FM Stereo Tuner for $89.95 kit, $129.95 wired,
including cabinet. Cortina 3200.
A 70-watt Solid-State FM Stereo Receiver for $159.95 kit,
$239.95 wired, including cabinet. Cortina 3570.

Elcocraft The newest excitement in kits
100% solid-state and professronaL
Fun to build and use. Expandable, interconnectable. Great as "'jiffy" projects
and as introductions to electronics. No technical experience needed. Finest parts,
pre-drilled etched printed circuit boards, step-by-step instructions.
EICOGRAFT %~ Electronic Siren $4.95, Burglar Alarm $6.95, Fire Alarm $6.95, ‘.
Intercom $3.95, Aud|o Power Amplifier $4. 95 Metronome $3.95, - .’,
Tremolo $8.95, Light Flasher $3.95, Electronic “Mystifier” $4.95, G
® Photo Cell Nite Lite $4.95, Power Supply $7.95. Code Oscillator $2 50,
FM Wireless Mike $9.95, AM Wireless Mike $9.95
Electronic VOX $7.95, FM Radio $9.95,
AM Radio $7.95, Electronic Bongos $7.95. .

Two years ahead! Model 7923 cltlzen s Ba d

All Solid-State 23-Channel 5W Transceiver. 4 exclusives:
dual-crystal lattice filter for razor-sharp selectivity; efficient
up-converter frequency synthesizer for advanced stability:
precision series-mode fundamental crystals

Small: only 3"H, 8"W, 8%"D. $189.95 wired only.

The best buy in tube-type CB—"'Sentinel-Pro” 23-channel dual
conversion 5W Transceiver $169.95 wired only.

EICO Trans/Match (Model 715) is a professional test set
designed for complete checking of ham and CB equipment.

Kit $34.95; Wired $49.95.
Professional Portable Multimeters by £E1CO, Automotlve

The industry's greatest V-O-M values. EICO 888—Car/Boat
Design?d, made to Eico’'s high Engine Analyze
standards of professionalism. Each
complete with batteries & test leads. g%t::.:,,sev/ lgvg eyl
Backed 100% by famous EICO warranty. engines. )

Model 100A4, 100,0000/V, $34.95. Now you can keep
Model 30A4, 30,000Q/V, $19.95. your car or boat

, 30, < 15.95. engine in tip-top shape
mg:: 28:3 28 8382;3' :12 gg with this solid-state, portable, self-powered universal

engine analyzer. Completely tests your total
Model 4A3, 40000/ V, $8.95. ignition/ electrical system.
Model 1A1, 10000/V, $5.95. Complete with a Tune-up & Troubie-shooting Manual,
Model 888; $44.95 kit, $69.95 wired.

est Equipment 77777.°

00 best buys to choose from.

FREE 19638 CATALOG LS
i i x EICO Electronic Instrument Co., Inc.
r%/!gggmlg(s)cvgg%?tggggg%ctCoupled 131-01 39th Ave., Flushing, N. Y. 11352

vV i [JSend me FREE catalog describing the full EICO
;%rdcggruasr;é PBuggﬁ;;ru!]Slggbceertical line of 200 best buys, and name of nearest dealer.

amp., bal. or unbal. input. Automatic Name
sync limiter and amp.
$109.95 kit, $149.95 wired. Addre
Model 232 Peak-to-Peak VTVM. A must for color or B&W TV and industrial use. Cit E
7 non-skip ranges on all 4 functions. With exclusive Uni-Probe.® ) :
$29.95 kit, $49.95 wired. State. Zip i
CIRCLE NO. 14 ON READER SERVICE PAGE
November, 1967 23
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PROD“CTS (Continued from page 22)

critical tubes where line voltage fluctuations
might cause incorrect readings, and an ex-
clusive automatic rejuvenation circuit pro-
vides three positions for saving faulty tubes
or equalizing gun currents in color tubes.
The “Champion” is equipped with plug-in
sockets for fast testing of all CRT’s and easy
updating.

Circle No. 79 on Reader Service Page 15
MOBILE POLICE/FIRE BAND RECEIVERS

Selective i.f. stages incorporate four IC’s
in Lafayette Radio’'s imported Models PB-50
and PB-150 solid-state mobile police and fire
monitor receivers.
The PB-50 covers
30 to 50 MHz,
while the PB-150
covers 152 to 174
MHz. Both mod-
els have provi-
sions for crystal-controlled or tunable recep-
tion, and each features better than 1-uV
sensitivity with an audio output of 2.8 watts.
Primarily designed for operation from 12-
volt d.c. (negative ground) car electrical sys-
tems, they can also be operated from 117-volt
a.c. line power with an optional power supply.

Circle No. 80 on Reader Service Page 15

70-WATT STEREO RECEIVER

Recently EICO mounted its “Cortina” 3070
amplifier and “Cortina’ 3200 FM stereo tuner
on a single chassis and came up with the
3570 FM/MPX stereo receiver. It's a power-

ful “all-in-one” 70-watt unit that should satis-
fy the tastes of all stereo buffs. In the front
end, FM section, there are two r.f. stages,
five tuned circuits, and four stages of double-
tuned i.f. for reliable and interference-free
performance. In the amplifier-control section
are all the controls, inputs, and outputs you
need to match any type of turntable cartridge
and speaker system to the 3570 receiver. The
3570 comes both in kit form and factory wired.

Circle No. 81 on Reader Service Page 15
WIREIESS REMOTE CONTROL AND INTERCOM

Two time- and step-saving devices for use
in the home have been announced by Olson
Electronics. The Model SW-394 wireless re-
mote control switch lets you turn on or off
any electrical device that draws up to 500
watts of power from almost anywhere in
your home. The Model AM-340 wireless (solid-~
state) intercom is a hand-held or wall-mount-

24

P R il A cwi@ETYe BRGSO COM

ing room-to-room communicator. Both utilize
the existing house wiring to couple control
signals or voice information from unit to
unit, so there is no need to run unsightly and
potentially hazardous cable.

Circle No. 82 on Reader Service Page 15

CB TRANSCEIVER FOR MOTORCYCLES

Motorcycle enthusiasts: now you can go on
the air CB-style with a compact “Polly-Otter”
two-way Citizens Band radio manufactured
by Polytronics. There are two models of the
Polly-Otter—one for luggage carrier mount-
ing, and the other to fit into scooter and
motorcycle saddlebags. Each model has a
fully solid-state 7-channel transmitter and
superhet receiver, resulting in a 5watt trans-
ceiver that gives reliable two-way contact
up to 15 miles or more away. These trans-
ceivers are fully waterproof and said to be
immune to extreme temperatures. Various
accessories are available.

Circle No. 83 on Reader Service Page 15

BUILT-IN FLEXIBILITY TURNTABLE

A new precision turntable, Model TD-150,
has been released by Thorens. Designed to
provide the serious hi-fi'er with the maximum
amount of flexibility, the TD-150 lets the
user select literally any tone arm-cartridge
combination.
Features in-
clude a pre-
cision - bal-
anced, non-
magnetic 12”-
diameter
platter, and
two low-
speed syn-
chronous mo-
tors that are connected to a single shaft to
provide constant tracking speed at either
33% or 45 r/min. A spring-loaded suspension
system supports the uni-suspension tone arm
board and heavy platter so that vibrations
and acoustic feedback are kept at a mini-
mum.

Circle No. 84 on Reader Service Page 15

COMBINATION AM/MARINE BAND RECEIVER

A portable transistorized receiver designed
for boat, car, and personal use, the Model
1305 AM/MB Marine Band Radioc made by
Craig Panorama, Incorporated, features an
emergency direction finder, push-button illu-
minated dial, tone controls and AM and ma-
rine band switches. The receiver can be
connected to any car or boat power system
(6 or 12 volts), whether positive or negative
ground. The 8-transistor circuit develops 400
milliwatts of peak power when operated on
flashlight batteries and up to 2 watts peak
when used in an optional power bracket. In
the latter case, the built-in ferrite bar an-
tenna connects to boat or car antenna auto-
matically.

Circle No. 85 on Reader Service Page 15
POPULAR ELECTRONICS
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REUE - FLECTRONIC
e EXPERIMENTER'S

WINTER EDITM f P

It's our anniversary . .. channel hi-fi amplifier

but you get the present:
250 fascinating, fun-
filled hours with the all-
new Winter 1968 ELEC-
TRONIC EXPERIMENT-
ER'S HANDBOOK! A big
surprise package of 28
challenging do-it-your-
self construction proj-
ects for e your home
and auto ¢ audio, stereo,
hi-fi e SWL, CB and
Ham e science fair proj-

.a VOM range splitter

.an IC binary counter

.and Tesla's thermo-
magnetic motor!

Each has complete

schematics, illustra-
tions, parts lists and
easy-to-follow instruc-

tions that guarantee you
perfect finished prod-
ucts. PLUS expert tips
'n techniques designed
to build your electronics

skill. You'll keep up with

ects e Jab and test
equipment.
You'll build such valuable units as . . . a

solid-state CD ignition system . .

. a sequence-

the latest advances in
the field, learn many professional methods and
shortcuts . . . and develop that extra technical

operated lock . . . a metal locator . . . a two- know-how you get only from practical, first
by-two stereo preamplifier . . . a 70 watt per hand experience.

In short, Happy Anniversary to us . . . means Happy Hobbying to you. For this big

10th Anniversary edition of the ELECTRONIC EXPERIMENTER'S HANDBOOK 7 |

is the best yet—sure to be grabbed up by electronics enthusiasts 7 i

GET THE everywhere. Use the coupon below to order your copy today! 7" LIFF-DAVIS |

DELUXE P SERVICE §
LEATHERFLEX- #”DIVISION, DEPT, EEHF

BOUND EDITION “5958'way, N.Y., N.. 10012 |

for just $3 POSTPAID!
The Winter 1968 ELECTRONIC
EXPERIMENTER’S HANDBOOK is

1968 ELECTRONIC
EXPERIMENTER'S
HANDEOOK i

November, 1967

e
OM 7~ OK! Send me the all- newl

also available

in a splendid

deluxe edition.

Rugged Leatherflex
cover provides lasting
protection yet is softly
textured and gold-embossed
for the look of elegance. A
coliector’'s item — a superb
addition to your electronics
bookshelf. And it's yours, for
just $3 postpaid, when you
check the appropriate box on
the order form.

Winter 1968 ELECTRONIC EX. l

$ 125 ///PERIMENTER 'S HANDBOOK.
[ 4

Vd [] $1.25 enclosed, plus 15¢ for shipping I

and handling. Send me the regular edition.
#”  (31.75 for orders outside the U.S.A.) I
d [ $3.00 enclosed. Send me the Deluxe Leatherflex- l
bound edition, postpaid. ($3.75 for orders outside the

r U.S.A.) Allow three additional weeks for delivery. I
I name |
I address PLEASE PRINT l
I city PE. 1L :
I state 2ip code I

| I missed the big Spring 1967 edition. Please send me the [] regular l
L:dmon [ Deluxe Leatherflex-bound edition. (Prices same as above.)
e :PAYMENT MUST BE ENCLOSED WITH ORDER s v =
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Before you buy
a cheap changer.
read about this
inexpensive Dual.

The new Dual 1010S at $69.50
is Dual’s lowest priced model, vet it
is in every respect a precision-en-
gineered automatic turntable.

Its cueing system lowers the
tonearm gently on your records in-
stead of just dropping it and possi-
bly damaging both stylus and
groove. This is the identical auto/
manual system as used on our most
expensive models.

The 1010S also shares their
feathertouch slide switches and
Elevator-Action changer mecha-
nism. Its Hi-Torque motor holds
speed constant within 0.1% even
when voltage varies =10%, and its
low mass tubular tonearm tracks
flawlessly at 2 grams.

Precision features like these
make the difference between a Dual
and a cheap record changer. And
make the difference on yourrecords.

United Audio Producis, Inc.,
535 Madison Avenue, New York,

N. Y. 10022. M

CIRCLE NO. 38 ON READER SERVICE PAGE

ELECTRONICS

LIBRARY

HI-FI STEREO HANDBOOK, Third Edition
by William F. Boyce

The Hi-Fi Stereo Hundbook will help answer
almost any question an audio buff might have
about modern hi-fi equipment. This edition
covers the gamut of the equipment now on
the market—from intricate tuner/amplifiers
right on down to the type of stylus to look for
in a cartridge. In addition, the book gives
pointers on how to install a system, describes
the various components, and explains how
each component operates. Updated material
includes new transistor circuits, latest re-
cording techniques, and multipath-checking
equipment. Whether you are planning to buy
your first hi-fi system or replace the one you
probably already have, you'll find this book
to he a handy reference both before and after
you buy.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Indianapolis, Ind. 46206. Soft
cover. 288 pages. $4.95.

L v e
A MODERN TRANSISTOR WORKBOOK

Written directly for the hobbyist or experi-
menter by the Radio Shack staff, this book
features construction details of 50 simple,
solid-state projects each using easy-to-get, in-
expensive parts.

Published by Radio Shack Corp., 730 Com-
monwenlth Avenue, Boston, Mass. 02215. Soft
cover. 80 pages. $2.00.
DIODE CIRCUITS, Second Edition

by Rufus P. Turner

Diodes play important roles in every area of
electronics. But because they are relatively
simple devices, they are often misunderstood,
and just as often improperly used. Diode Cir-
cuits gives more than 150 examples of com-
monly used diode circuits—=60 of which did not
appear in the first edition of this book. Oper-
ation of each circuit is explained in detail,
and the types of diodes designated are up-to-
date, with modern nomenclatures. The infor-
mation presented in this book is practical and
informative, for both the beginner and ad-
vanced technician. Diode Circuits also in-
cludes a section devoted to experimenter cir-
cuits, each of which was tested by the author
and proved to work.

Published by Howard W. Sams & Co., Inc..
4300 West 62 St., Indianapolis, Ind. 46206. Soft
cover. 160 puges. $3.25. —{30—
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If General Custer had used
a Messenger 300

... things might have happened differently
that day along the Little Big Horn River.

There's really no need to fight a batile
every time you want to go on the air. The
Johnson Messenger 300 protects your
flanks at all times from adjacent channel
interference with a precision crystal filter.
Your voice carries authority thanks to the
Messenger 300's speech compression cir-
cuit. It gives you more audio without splat-
ter or overmodulation.

On the front lines the Messenger 300 op-
erates up Lo 8 hours on the rechargeable
Power Pack. At the command post. plug
in the accessory AC power supply. You
can cven signal the troops with Tone Alert
selective calling. It eliminates the need for
constant monitoring and lets you concen-
trate on more important matters. FCC
type accepted and DOT approved.

Don't win a price battle and gat scalped
on quality. Put yourself in command with
a Johnson Messenger 300. Send for details
today.

Johnson's Messenger 1, TWO, 111, 100 and 300 are FCC type accepted and
DOT approved. No other manufacturcr gives you this assurance of quality

X b and performance.
Ny [T mTo s s g
- \ Please send me information on the Messenger 300 and the 1
= | complete Johnson CB line. |
S I Name. - I
| |
E.F.JOHNSON COMPANY | Adwre l
2424 Tenth Ave. S.W., Waseca, Minn. 56093 l City State Zip :
Providing nearly a half-century of communications leadership L ______ ___ _ e A

CIRCLE NO. 22 ON READER SERVICE PAGE
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CB’ers...

SKIP IS LEGA

ON THE HAM BANDS...

in fact, Amateur Radio is based on the intelligent use of natural
phenomena to achieve distant communications with relatively low
power. Increased sun-spot aclivity in the next couple of years will
bring tremendous propagation opportunities — like worldwide con-
tacts on ten meters . . . tropospheric bending (predictable from an
ordinary weather map) brings exciting surprises on two meters . . .
Sporadic E skip gets you miles and miles and miles with litile power
on six meters . .. and more! And that is not all that you have going
for you... there are no time restrictions .. . less crowding . . . more
frequency bands ... more legal power ... and greater satisfaction
because your knowledge of propagation permits you to plan your
contacts. It is all out in the open ... you can give the man your
right name and your call without getting a pink ticket for a chaser.

You can get into ham radio easily and quickly (our buck says it will
take you only 30 days ... 45 max.). The technical requirements for a
Novice license are simple. The test can be administered by a quali-
fied licensee in your own neighborhood. Available licensing book-
lets lay it all out on a silver platter for you. SURE, we know about
the code test, but man, five words — 25 characters — a MINUTE
. . . that's less than a minute’s worth of notes in a dreamy waltz!

Start it off with a Squires-Sanders 22'er (two-way voice privileges
on two meters for Novices) . . . for sixiy days we will throw in a
free license manual and a code learning record. If you want to go
all out, apply for the Technician License . . . a little more complex
technical test (you can do it) and the same easy five word code exam
... permits privileges on other bands — like 6 meter two-way voice.
22'er— 20 w~atts of high quality two meter AM phone transceiver . . . only $249.95.
66'er — 22 watts of same for six meters . . . same free manual and record . . . same price.

OK, OK . . . so your only interest is highly intelligible local communications for your
personal business ... your truck... your boat...your car...then go see the
COMPLETE all transistor, twenty-three channel Squires-Sanders 5 watt CB line: the

famous 23'er ($235)...the beautiful new COMMANDER ($200)...the hot little low
cost SKIPPER . . . the fabulously plush ADMIRAL base station . . . and the 5 channel
5-5-5. ($185). But please, just talk to momma . . . or the office . . . or call H.E.L.P.

Squires BY Sanders

See your distributor or write today for details. SQUIRES SANDERS, INC., Box A, Liberty Corner, N. J. 07938
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For that different sound...
Music a la Theremin

BY LOUIS E. GARNER, JR.

THE FIRST TRUE ALL-ELECTRONIC MUSICAL INSTRUMENT—BROUGHT
UP TO DATE USING BIPOLAR TRANSISTORS AND FET'S

OR ABOUT THE PRICE of an inex-

pensive guitar, plus a few hours as-
sembly time, you can own and enjoy
what is perhaps one of the most versatile
of all musical instruments: the unique
and amazing theremin. Named after its
Russian-born inventor, Leon Theremin,
its frequency range exceeds that of all
other instruments, including theater pipe
organs, while its dynamic range is lim-
ited only by the power capabilities of the
amplifier and speaker system with which
it is used. Above all, it is a true elec-
tronic instrument, not just an ‘“‘electron-
ic version” of a familiar string, reed, or
percussion instrument. Its tone is unlike
that of any conventional instrument.

A musician playing a theremin seems
almost like a magician, for he can play a
musical selection without actually touch-
ing the instrument itself! As he moves
his hands back and forth near two metal
plates, he seems to ‘‘conjure up” indivi-
dual notes at any desired volume; he can
“slide” from one musical note to another
with ease, can produce tremolo and vi-

November, 1967

brato effects at will, and can even sound
notes which fall outside the standard
musical scale. He can play tunes or mel-
odies, produce unusual sound effects, or
can accompany a singer or another in-
strument—all by means of simple hand
movements.*

The theremin is ideal for amateur as
well as professional musicians and can
be used for “fun” sound effects as well
as for serious music. It makes a wonder-
ful addition to the home recreation room,
and can be used equally well by rock ‘n’
roll groups or larger bands. Theatrical
groups find it just the thing for pro-
ducing eerie and spine-tingling back-
ground effects to accompany mystery or
horror plays, and for the budding scien-
tist or engineer, it is an excellent Science
Fair project.

*Nearly everyone who has ever watched television
or attended a motion picture has heard music and
background effects produced by a theremin, yet
relutively few could recognize the instrument, and
fewer still have had the chance to own or play one.
With its astounding tonal and dynamic ranges, it
has been used to produce backyground music and
special effects in scores of science-fiction, fantasy.
harror, ahd mystery shows.

29

www americanradiohistorvy com


www.americanradiohistory.com

Y3FINdWNY O1aNY
01 378v2 a3a13

IHS

ELU¢
B3

80LESIW
<o 4409

plel] %001
2y o1y

ml

“ M) MEE
| 61y 8y
1 257 amor i afoi| acos| 4t
} &2 G WS
- =0
Iﬂ . H J U
47100 3d06¢€
412 13
= 8 4
S 3
BEIESIN BEICSIN
o / _ 10
v} |
022
HEE Al
M ZH €d
px-)
“(g0) 1exiw jo Surpeol syuaaaud (£) 23eys yndino se
——— 134 & 30 asn ‘jeuSis INdINO JO [3A3| |OLIUOD O} IO}
-s1saJ a|qenen-a8eljon e se sjoe (90) 134 v ‘T By

'00°9$ ‘SBuudILE |0 1S put Jou
*IgE3 uapoom (€ g1 pdvoq I J Suipnjoul ‘st
-0dwod d1u04139(a Jo 135 apdwed 1oy Tpavoq
Dd P2{Hp pue pagdio 1978/ Sexa] ‘oruony’
uey CAposdeyy gy pl¢ cdio) S1onpod ] [eoiugad |
ISOMUINOS  Wod]  opqe(iRar I BULMO|[Of Y],

R RRNRI I
AL duyooy Csaoands Csqouy Jous ooy tajgns
CIPHD poppotys “dya Suijunous Sopnq  F X0
N QL N puxosddn aspa g0 gDy HIPOON
HIND VIS ——oan Pl Suljunou pup odid o) un
AAOUIDID | VG CSDUUI D J04JH00 10f ()D]IU 10 )
PADOG JIHDA1) ISADY CPADOG JUIDAL) PIYI IS
Y21ms ST} 40 opys SN
Sutgodant 1 p—<py RN
22u0.40)0) suLifo QOO el —CIY 01 Y
Lol sufo guOOI —0cd 9Ly LM oM
NS4 S0 000 —0L Y ITY SH LN 0N Ed
SA0}SISIL SO go)TEs STY S Y
i A Smyo 000 LE LI PN 1Y
(SHOMILLSU] SV [ )
LOJNISUDA] [ i 6S-SIL L0 90
(DJOLOJO LY ) AOISISUDL] QOLESTIT £ 0
(DJOAOTO Iy ) AOFSISUDL) Y EYES ST O SO O
J100 pgpysaipy [ 000671 T T
2porp e L
dopd o oo sNjod gd-2 - 120 T0E)
200040 i [sKjod -1 0810
AOJNG DY N JO0) 010 O-C] S T-C 9] )
0300403 21D ISP JT-T (¢ )
L01IDG DI 21D O5Ip gH-TOG0—ST ) FLY L)
AONIDG D N0 10T CYT-00—T 1)
101004 0 2ualysijod g4 0y-—01.) "€
HO010G DY DN J0]I0)9 J]02-C AT-0T—00 FD)
LOUIDG VI DIUDLII ISIP JA )61 )8 ED)
40}
-00d 0y aual(sSjod qri-rog 0200 L0 L) )
40100400 duaaXjsNjod fd-0ne—9) L)
£aoppng 1o g

1S171 Sidvd

.

= ——

B

POPULAR ELECTRONICS

30

WwWWW.americanradiohistorv.com


www.americanradiohistory.com

The typical theremin has two r.f. os-
cillators, one having a fixed, the other a
variable, frequency, with their output
signals combined in a mixer/amplifier
stage. At “tune-up,’”’ the oscillators are
preset to ‘‘zero beat” at the same fre-
quency. The frequency of the variable
oscillator is controlled by an external
tuning capacity——the “antenna’”—which
is a “whip”’ or simple metallic plate.

As the musician’s hand is moved near
this antenna, the wvariable oscillator
shifts frequency and a beat note is set up
between the two oscillators. The pitch is
proportional to the difference in frequen-
cy between the two oscillators. This beat
note, amplified, is the theremin's output
signal. The more advanced theremin de-
signs—such as the version presented
here—use a third oscillator to control
output volume, and two antennas. This
theremin also uses a unique FET vol-
ume control, and a FET output stage.
See Fig. 1.

Construction. Except for the two con-
trol antennas, power switch S1, and bat-
tery BI, all components are assembled
on a printed circuit board as shown full-
size in Fig. 2(a); the parts are assem-
bled as shown in Fig. 2(b). An insulated
jumper is required between C15 and R20
as shown in Fig. 2(b) and Fig. 3. Mount
the PC board in a suitable cabinet with
four spacers (see Fig. 3), making sure
that suitable holes are drilled in the cabi-
net or through a dialplate to accept the
tuning-slug screws of L2 and Lj}. Coils
L1 and L3 are mounted on small L-
brackets; initially, these brackets should
be adjusted so that L1 is at right angles
to L2 and L3 at right angles to L}. Switch

Fig. 2. Actual-size printed circuit board etching
guide is shown at (A); dashed line in component

(A) layout guide (B) indicates insulated jumper wire.
! 2 11 '
W GME L On (" Ant
s o' l l _ n@l Lie
Prig e i
+D @llucl:@ c.s‘ ' ' Sw
otk | o1 1 glnn Tec
@ ws 1 cumnke g oo | N
SRR (¥
(B)
November, 1967 31

wwWw americanradiohistorv com


www.americanradiohistory.com

Fig. 3. Coils L1 and L3
should be mounted on
L-brackets. Positions
of these coils can be
altered to change har-
monic content (see
“Tuning” instructions
in text). Photo at far
rightdemonstrateshow
insulated jumper wire
between C15 and R20
should be routed.

S1 is also mounted on the cabinet or
dialplate, in the area of the L2 and L}
slug screws, while the battery is secured
to the cabinet wall.

Ordinary copper-clad circuit board can
be used to make up the pitch and volume
control antennas. Although the author’s
units are equilateral triangles approxi-
mately 9” on a side—almost any other
design will do—shape is not critical. If
desired, the upper surface of the anten-
nas may be covered with a colorful ma-
terial (see cover photo).

The antennas are mechanically mount-
ed on an electrically conducting support.
The ones used by the author, (see Fig.
4) were six-inch lengths of 3,” alumi-
num pipe with appropriate mounting
flanges. The antennas were attached to
the pipe with conduit plug buttons sol-
dered to the bottom of each antenna.
The flanges of the buttons should make
a good friction fit to the pipe. A solder
lug for connection to the PC board is
placed under one of the pipe support
mounting screws as shown in Fig. 3.

Connect the negative lead of the bat-
tery to terminal B on the PC board; then
connect the positive battery lead, via 817,
to terminal A. The center lead of the
audio output coaxial cable is connected
to terminal C on the PC board, while the
associated braid is soldered to the ground
foil. Connect the volume control lead
and one lead from L3 to the proper hole

32

HOW IT WORKS

Transistors 1 and Q2 are the variable and
fixed -pitch” oscillators respectively, while (4
serves as the “volume” oscillator. Essentially
similar circuits are used in all three oscillators, so
only one (QI) will be described here. Base bias
is established by resistor voltage divider R and
R2, with the former bypassed for r.i. by (3.
Resistor RJ serves as the emitter (output) load.
The basic operating frequency is determined by
the tuned circuit of LI and combination of €1
and (2,

In the case of O and (4, their tuncd circuits
are also connected to external “antennas.” When
these antennas are “'loaded™ due to body capaci-
tance tthe presence of a hand near the antenna).
this “load™ is reflected to the tuned circuits as a
capacitive change which, in turn, alters the Ire-
quency of oscillation. Because (02°s circuit uses no
rantenna,” its (requency remains constant at all
times,

In operation, QI's r.f, output signal is coupled
to mixerzamplifier (03 via coupling capacitor
5 —while Q2's signal is coupled to (03 via C10.
IN these two oscillators (1 and (2) are at the
same (requency, then there will be no resultant
“heat™ present at the collector of (23, However,
since (M's frequency is determined by how close
the operator’s hand is to the “pitch” antenna,
the resultant beat frequency will vary as the
distance between the hand and antenna varies.
Because the mixing action of (03 produces both
r.f. and audio beats, capacitor €12 is used to by-
pass the r.f. components and prevent them from
appearing at the collector of (03. The resultant
audio beat is passed, via the volume control cir-
cuit, to the FET output stage, (7.

Oscillator (M (the “volme™ oscillator), like
“pitch™ oscillator (01, has its (requency of oscil-
lation determined by the amount of hand capaci-
tance near its cantenni” The r.f. signal at the
collector is coupled via C20 to another tuned

POPULAR ELECTRONICS

www ansricanradioktstory com < disp


www.americanradiohistory.com

circuit consisting of L4 and C22. The r.f. signal
across this second tuned circuit is rectified by
diode DI and applied to the base of d.c. amp-
lifier (05. Thus. the d.c. voltage level present at
the collector of (5 is a function of the amount
of r.f. present on L4-C22. This level is at its
maximum when the L4-C22 tuned circuit is at the
same frequency as the (M4 collector tuned circuit.
In practice, however, the frequency of Q4's
tuned circuit is made to be slightly higher than
the L4-C22 frequency. As a result, very little d.c.
signal is passed to the base of (3. This means
that the voltage at the collector of Q5 is at a
maximum. If the frequency of Q+’s tuned circuit
is reduced. when a hand is placed near the *‘vol-
ume’’ antenna, the base current applied to Q5
increases, causing the collector voltage to drop.
The unique volume control consists of FET
(6, connected in shunt with the audio signal flow.
The audio signal at the collector of ()3 passes
through d.c. blocking capacitor C13 and is also
isolated (for d.c.) from (7 by C14. Resistor R13
and FET Q6 are arranged as a voltage divider.
If the gate voltage of (06 is highly positive, then
the FET acts as a low resistance between RI3
and ground, greatly reducing the signal level al-
lowed to pass to (7. As the gate of Q6 goes less
positive. the effective resistance of (06 increases
and the level of audio signal to (07 increases.
The voltage at the collector of d.c. amplifier
Q3 is connected to the gate of Q6. As this voltage
level is determined by the frequency of O4, the
operator can readily adjust the output volume by
changing his hand capacitance to the “volume”
antenna. The variable-pitch. variable-volume au-
dio signal is coupled to an external audio ampli-
fier via FET (7. A FET is used for (07 because
its very high input impedance (a couple of meg-
ohms) will not affect operation of FET (6. If
desired. the source resistor of 07 {R16) can be
changed to a similar-valued potentiometer.

November, 1967
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on the PC board (see Fig. 3), then con-
nect the pitch control lead and one lead
of L1 together and solder to the hole on
the PC board. The other ends of both
coils are soldered to the ground foil of
the PC board.

Tuning. Although the theremin is used
with an external audio amplifier and
speaker, no special test equipment is need-
ed for the tuning adjustments. The pro-
cedure is as follows.

(1) Temporarily short @6’s gate and
source electrodes together, using either
a short clip lead, or a short length of
hookup wire, tack-soldered in place.

(2) Preset the coil (L1, L2, L3 and
L}) cores to their mid-position.

(3) Connect the theremin's output
cable to the input jack of an audio am-
plifier (with speaker)—a guitar ampli-
fier is ideal. Turn the amplifier on, vol-
ume up to nearly full.

(4) Turn the theremin on by closing
81 and adjust L2's slug (keep hands or
other parts of the body away from the
pitch antenna) until a low frequency
growl is heard from the speaker.

(5) Turn the theremin off and remove
the short from @6.

(6) Turn the theremin back on and
adjust L4’s slug until a point is found
where the growl is heard from the speak-
er. Then adjust L3’s stud until the sound

(Continued on page 102)
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Hi-Fi
Spealers
forr Small

Rooms

SLIM-LINE SPEAKERS

GIVE WAY TO COMPACTS . . .
A REPORT ON

THE PIONEER CS-24

AND WHARFEDALE W20D

OW LONG should a hi-fi speaker sys-
tem last? Certainly five years is not
uncommon, and if you were a reader of
PoruLAR ELECTRONICS in 1962, you may
recall the large slim-line speaker system
that was being installed in the down-
stairs living room shown at right.” Now
it’s time to place something a little more
modern and up-to-date on that brick
fireplace mantel—a compact system.

PIONEER CS-24 “LITTLE GEM"'

Last spring, Pioneer Electronics U.S.A.
Corp. (140 Smith St., Farmingdale, N.Y.
11735) introduced a compact slim-line
speaker system at the price-breaking
figure of $27.50. Measuring only 10%”
high x 16” wide x 4%:” deep, the CS-24
has an oiled walnut wrap-around and a
front panel of spin-processed perforated
metal. The panel is available in two col-
or tones—black and silver. Spin-process-
ing produces a visually pleasing reflec-
tion and light scattering pattern, similar
to what you see when you look at a star
sapphire jewel.

Manufactured in Japan, the Pioneer
CS-24 was designed for full fidelity sound
reproduction of background music in
offices, restaurants, waiting rooms, etc.
A typical response curve shows that the
speaker system has a range of 120-11,000

*8lim Line Spedaker Kit,” PortLaR ELECTRONICS,
July, 1962. page 70.
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Hz within plus-or-minus 5 dB. The re-
sponse rolls off below 80 Hz and above
12,500 Hz.

As a background music speaker, the
CS-24 is among the very best from the
viewpoints of both sound and physical
size. However, this speaker system need
not be restricted to that use. Your re-
viewer was so impressed by the well-
balanced sound output of the CS-24 that
he decided to live with the CS-24 in his
downstairs stereo setup.

Of course, the CS-24 does not prodiice
thundering bass—it’s not missed in this
low ceiling room, anyhow—but neither
do the highs tend to screech at you. The
sound is clean, and this fact can be at-
tributed to the 8” double cone speaker—
a surprising lot of speaker for so little
money. Power requirements for the
CS-24 are modest, and the same good re-
sponse was observed with an amplifier
of only 0.5 watt output as with an ampli-
fier rated at 30 watts. By the way, the
maximum power to the CS-24 should be
kept under 10 watts.

POPULAR ELECTRONICS
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Mounting the CS-24 on a wall is easy,
due to the mounting receptacles in the
back of the speaker enclosure. Two
round-head wood screws will hold the
7¥%-1b weight of the CS-24. The unit can
be installed vertically or horizontally to
suit your particular requirements.

The Pioneer CS-24 is a good invest-
ment (there's a 3-year guarantee), indi-
vidually as an extension speaker, or in
pairs for a good-sounding, very-low-cost
stereo starter system.

WHARFEDALE W20D “MINORETTE"”

Most people knowledgable about hi-fi
are aware that no two speaker systems
sound alike. While testing and living
with the Pioneer CS-24, it seemed like an
ideal time to take a somewhat similar
speaker system and run a side-by-side
comparison. As this was also an oppor-
tunity to see if it’s true that for a lot
more money, you can get “better” sound
——the British Wharfedale W20D *“Minor-
ette” speaker system was selected.

November, 1967

The Wharfedale W20D ( Wharfedale is
a division of British Industries Corp.,
Westbury, N.Y. 11590) is a two-unit
speaker system with an 8” woofer and a 3”
Mylar-domed pressure tweeter. The cabi-
net dimensions are 93:” high x 14” wide
x 85" deep. Thus, the volume difference
between the two enclosures is mostly in
depth and amounts to another 250 cubic
inches. Priced at $49.95, the W20D has
a removable grille for fabric coordina-
tion in your living room, and the wood
veneer is oiled walnut.

Until you have experienced or wit-
nessed a side-by-side demonstration of
this particular nature, you may not be
aware of the amazing differences that do
exist between speaker systems. While
the Pioneer CS-24 sound is balanced and
pleasing, the Wharfedale W20D sound is
distinctive. Possibly the stereo enthusiast
would say that the W20D is more truly
hi-fi. This is undoubtedly due to the acous-
tic suspension woofer (on the low end)
and to the omnidirectional domed tweeter
(on the high end). For the additional
investment of $22.45 more per speaker,
You do get more low-frequency response
and somewhat more highs.

Wharfedale was obviously aware that
mounting an 8” woofer and a 3” tweeter
in a small sealed enclosure could be
fraught with danger—the highs can pre-
dominate and overpower the lows. To
evade this problem, Wharfedale wired
in what it calls an ‘“‘acoustic compensa-
tion control.” This continuously variable
control permits the listener to match the
speaker system to his amplifier, listening
room, and musical tastes. In our tests,
any tendency of the system to sound
peaky in the highs could be eliminated
by careful adjustment of the ‘‘compensa-
tion” control.

The W20D manufacturer recommends
a minimum of 10 watts driving power
(IHF) for each speaker. Although this
may be optimum for the hi-fi enthusiast,
it is not really a prime necessity. In fact,
the W20D can be driven by almost any
TV sound channel output transformer
(the W20D accepts a 4- to 8-ohm input).

The latter application is where the
small, fully enclosed speaker system
really shines. If your TV receiver sounds
thin, try hooking up a speaker system
like the CS-24 or W20D and hear the TV
sound come to life.
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Gene Frost was “stuck’ in low-pay TV

repair work. Then two co-workers suggested
he take a CIE home study course in
electronics. Today he’s living in a

new house, owns two good cars and a

color TV set, and holds an important
technical job at North American Aviation.

If you’d like to get ahead the way

he did, read his inspiring story here.

F YOU LIKE ELECTRONICS—and are

trapped in a dull, low-paying job—
the story of Eugene Frost's success
can open your cyes to a good way to
get ahead.

Back in 1957, Gene Frost was
stalled in a low-pay TV repair job.
Before that, he’d driven a cab, re-
paired washers, rebuilt clectric mo-
tors, and been a furnace salesman.
He'd turned to TV service work in
hopes of a better future—but soon
found he was stymied there too.

“I'd had lots of TV training,” Frost
recalls today, “including numecrous
factory schools and a semester of ad-

S

says Eugene Frost
of Columbus, Ohio

£

>
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vanced TV at a college in Dayton. But
even so, I was stuck at $1.50 an hour.”

Gene Frost’s wife recalls those days
all too well. “We were living in a
rented double,” she says, “at $25 a
month. And therc were no modern
conveniences.”

“We were driving a six-ycar-old
car,” adds Mr. Frost, “but we had no
choice. No matter what I did, there
scemed to bc no way to get ahead.”

Learns of CIE

Then one day at the shop, Frost got
to talking with two fellow workers
who were taking CIE courses. .. pre-

paring for better jobs by studying elec-
tronics at home in their spare time.
“They were so well satisfied,” Mr.
Frost relates, “that I decided to try
the coursc myself.”

He was not disappointed. “The
lessons,” he declares, “were .wonder-
ful—well presented and easy to under-
stand. And 1 liked the relationship
with my instructor. He made notes on
the work 1 sent in, giving me a clear
explanation of the arcas where'l had
problems. 1t was even better than tak-
ing a course in person becausc I had
plenty of time to read over his com-
ments.”

Studies at Night

“While taking the course from CIE,”
Mr. Frost continues, “1 kept right on
with my regular job and studied at
night. After graduating, I went on
with my TV repair work while look-
ing for an opening where I could put
my new training to use.”

His opportunity wasn’t long in
coming. With his CIE training, he
qualificd for his 2nd Class FCC Li-
cense, and soon afterward passed the
entrance examination at North Amer-
ican Aviation. *You can imaginc how
I felt,” says Mr. Frost. “My new job
paid $228 a month more!”

bog AN

ye
. "GIE training helped pay
for my new house,”
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Currently, Mr. Frost reports, he’s
an inspector of major electronic sys-
tems, checking the work of as many
as 18 men. “I don’t lift anything
hecavier than a pencil,” he says. “It’s
pleasant work and work that I feel is
important.”

Changes Standard of Living

Gene Frost's wife shares his enthusi-
asm. “CIE training has changed our
standard of living completely,” she
says.

“Our new housc is just onc cxam-
ple,” chimes in Mr. Frost. “We also
have a color TV and two good cars
instead of one old onc. Now we can
get out and enjoy life. Last summer
we took a 5,000 mile trip through the
West in our new air-conditioned
Pontiac.”

“No doubt about it,” Gene Frost
concludes. “My CIE clectronics
course has really paid off. Every min-
ute and every dollar [ spent on it was
worth it.”

Why Training is Important

Gene Frost has discovered what many
others never learn until it is too late:
that to get ahead in electronics today,
you need to know more than solder-
ing connections, testing circuits, and

: | . i
RCLE NO. 10 ON READER SERVICE PAGE

November, 1967

replacing components. You need to
really know the fundamentals.

Without such knowledge, vou're
limited to “thinking with your hands”™
...learning by taking things apart and
putting them back together. You can
never hope to be anything more than
a serviceman. And in this kind of
work, your pay will stay low because
you're compcting with every home
handyman and part-time basement
tinkercr.

But for men with training in the
fundamentals of electronics, there are
no such limitations. They think with
their heads, not their hands. They’re
qualified for assignments that are far
beyond the capacity of the “screw-
driver and pliers” repairman.

The future for trained technicians
is bright indeed. Thousands of men
are desperately needed in virtually
cvery ficld of electronics, from 2-way
mobile radio to computer testing and
troubleshooting. And with demands

ENROLL UNDER G.I. BILL

All CIE courses are avaitable under
the new G.1. Bill. If you served on ac-
tive duty since January 31, 1955, or
are in service now. check box on
reply card for G.l. Biil information.

www americanradiohistorv com

like this, salarics have skyrocketed.
Many technicians carn $8,000, $10,-
000, $12,000 or more a year.

How can you get the training you
need to cash in on this booming de-
mand? Gene Frost found the answer
in CIE. And so can you.

Send for Free Book

Thousands who arc advancing their
clectronics carecrs started by reading
our famous book. “How To Succecd
In Electronics.” It tells of the many
cleetronics carcers open to men with
the proper training. And it tetls which
courses of study best prepare you for
the work you want.

If you'd like to get ahcad the way
Gene Frost did, let us send you this
40-page book free. With it we'll in-
clude our other helpful book, “How
To Get A Commercial FCC License.”
Just fill out and mail the attached card.
Or, if the card is missing, write to
CIE at the address below.

b
Cleveland Institute

of Electronics
1776 E. 17th St. Dept. PE-60
Cleveland, Chio 44114

\
Accredited Member Nationul Home Study Council
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Build a
Battery-
less
Duwell
Meter

NO CAR TUNE-UP IS
COMPLETE WITHOUT PROPER
ADJUSTMENT OF IGNITION
POINT DWELL TIME

= @ AL

R,
i

All parts mount conveniently inside a small meter
case. Inputs to the circuit terminate in suitably
insulated connector jacks on top of the meter case.

WITH JUST FIVE inexpensive parts,
you can build a ‘““Battery-less Dwell
Meter'” that will perform with about the
same accuracy obtainable from most com-
mercial units. It will provide accurate
dwell angle measurements for any 4-, 6-,
or 8-cylinder engine (both 6- and 12-volt
battery systems). However, it may or
may not work with transistorized or CD
ignition systems.

All parts can be conveniently mounted
inside a small meter case. The size of the
case will be determined by the dimen-
sions of the meter. Input to the dwell
meter is through a pair of color-coded
banana-type jacks or five-way binding
posts which should be well insulated.

40

Prepare one black and one red test
cable, both about 3’ to 4’ long. Connect
an alligator clip to one end of each
cable and a suitable plug to mate with
the input jacks to the other ends.

Initial calibration of the dwell meter
compensates for the internal resistance
of the meter movement. Connect the test
cables across your car’s battery, being
sure that the red cable goes to the posi-
tive side of the battery. Then adjust
potentiometer B3 until the meter pointer
deflects to exactly full scale. No other

RED LEAD
RI R2 R3
3.9y
BLK LEAD e

Heart of the dwell meter circuit is zener diode D1.
Potentiometer R3 is used for calibration purposes.

adjustment is necessary—even if you
switch from a 6-volt to a 12-volt system,
or vice-versa.

When using the instrument, connect
the black test cable to your car’s chassis
ground and the red cable to the points
side of the distributor coil. (In a posi-
tive ground vehicle, reverse the two
leads.)

To convert meter indications to ‘‘de-
grees dwell,” use the following equations.
For an 8-cylinder engine: mA=—1— (de-
grees/45); for a 6-cylinder engine:
mA—1-- (degrees/60); for a 4-cylinder
engine: mA=1- (degrees/90).

Check the engine specifications of your
vehicle to determine the required degrees
dwell. Then calculate the respective cur-
rent indication, and make a mark on the
meter scale. —8. Wald

HOW IT WORKS

The dwell meter circuit will indicate the ra-
tio of “closed” to “open” time of the distrib-
utor breaker points. With the engine running,
the voltage between the “hot” point and ground
will be a square wave of 12 volts amplitude (or
6 volts in a 6-volt car) whose frequency is de-
termined by the engine r/min. Once the square
wave reaches zener diode DI, it is clipped at
3.9 volts. thus presenting a clean waveform-to
meter 1/I. Because of this 3.9-volt clipping,
the dwell meter can be used on either 6- or 12-
volt cars. The meter averages the “duty cycle”
or “dwell time"” of the square waves.

The values of resistors R2 and R3 are selec-
ted to provide a full-scale deflection of the
meter pointer when 1 mA is flowing through the
circuit (steady state), Simple equations are given
in the text to convert the meter indications to
dwell time.

POPULAR ELECTRONICS
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!

Police
Special | 1T

LISTEN TO THE BAND THAT
CRACKLES WITH EXCITEMENT

S Y L B

BY GEORGE J. WHELAN, K2BIE

SOME of the most fascinating radio activity you will
ever hear takes place 24 hours a day in the band of
frequencies lying between 152 and 176 MHz. It is here
where the listener can almost “ride along’” with police
and fire department patrol or emergency crews, or speed
through the night with an ambulance driver as he races
against time and death, hear movie companies at work,
or listen to the animated conversations between fishing
boats. If you live near the coast, 24-hour-a-day weather
reports are yours, courtesy of your local weather bureau.
If you live in a wooded mountain area, you can hear the
forest rangers going about their business, or timber
crews reporting in. The list of things to hear is long,
but at all times, there is a feeling of participation on the
part of the listener that no other band can match.
The original “Police Special”’* made lots of friends for
the old 30 to 50 MHz Public Service band. However, in
the past year or so, Public Service stations have rapidly
been moving ‘“‘upstairs’ to the 152-176 MHz VHF Public
Service band, and unique new classes of stations have

*“Police_Special Receiver.” by George Whelan.
Porvrar ELEcTRONICH, July. 1959 p. 50.
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come on the air, never heard in the old
low-frequency band.

The “Police Special II” is a simple, sin-
gle-conversion FM communications re-
ceiver that tunes the entire 152-176 MHz
VHF Public Service band. It is entirely
self-contained, in a 7”7 x 5” x 3” alumi-
num cabinet, and features a built-in au-
dio amplifier, speaker, telescoping whip
antenna, vernier-drive tuning, and por-
tability gained through battery opera-
tion. The ‘“heart” of the receiver is a
printed-circuit r.f. module, featuring a
grounded-base r.f. amplifier, stable VHF
autodyne converter, two 10.7-MHz i.f.
amplifiers, and a solid-state ratio detec-
tor circuit.

The transistorized r.f. module per-
forms the work of amplifying, selecting,
and detecting the desired signals. Boost-
ing the detected signals to speaker vol-
ume is the job of the a.f. module, a
prefabricated, imported four-transistor
audio amplifier. The combination of these
two modules produces an eight-transis-
tor VHF receiver that is sensitive, stable,

42

- a

-

c25
100 pF

*
LI,L1A,L2,L3-SEE COIL
DIAGRAM AND TEXT

+H

Fig. 1. Using common-base circuits for the r.f. am-
plifier and i.f. stages eliminates the need for neu-
tralization. Alignment is reduced to a minimum, and
reception within the 152-176 MHz band is excel-
tent—as befits a first-class superhet. If desired,
an outdoor antenna can be substituted for the whip.

PARTS LIST

Bi1—0-volt battery (Burgess 26, or RCA V'S-
305)

C1—15-pF disc ceramic cepacitor

C2—5-pF disc ceramic capacitor

('3, C6—6.8-pF disc ceramic capacitor

C4, C8, C13—0.0022-uF disc ccramic capacitor

C5, C11-—5-20 pF trimmer capacitor (Centralad
820-B, or similar)

C7, C15—0.001-uF disc ceramic capacitor

CY—3.3-pF NPO tubular ccramic capacitor ( Cen-
tralab TCZ, or similar)

C10—6.5-13 pF variable capacitor, fitted with re-
duction vernier drive ( Lafayette 32 C 0917)

C12—-82-pF disc ceramic capacitor

C14, C17—0.047-uF disc ceramic capacitor

C16—0.033-uF disc ceramic capacitor

('18—25-pF disc ceramic capacitor

C190—56=pF disc ceramic capacitor LJ

20, C21—390-pF disc ceramic capacitor

L022-—3-uF, 3-volt electrolytic capacitor

C23——500-pF disc ceramic capacitor
C24—0.033-pF disc ceramic capacitor

low in noise, high in economy, and best
of all, “buildable.”

Circuit Details. The schematic is shown
in Fig. 1 and contains a few surprises
for those of you who thought a VHF re-
ceiver had to be complex to be good. For
instance, the r.f. amplifier (Q1) and i.f.

POPULAR ELECTRONICS
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C25- -100-uf, 12-volt clcctrolyiic capacitor

C26, C27—50-ukl. 13-volt electrolytic capacitor

D1, D2>—1XN3521 dinde

L1 LI-A, L2 L3—Scee text

01, Q2. Q3. Q4—2N3826 transisior (Texas Tn-
strumaents)

R1, R6, R7, R13—1000 oluns

R2. R35, R11—68,000 olnns

R3,. R12—220 oluns

RI—0680 oluns

RE8—4700 ohins

RO—3560 olms

R10-—330 olums

R14. R15—10.000 olins

R16—068 oluns

R17—50,000-0lim, Ys-watt poteniivmeter, with
s.p.stoswitch (TRC Q11-123.with 76-1 switch)

S1--S.p.sd. switch ( part of R17)

T1,T2—10.7-MHz subminiature i.f. transformer
(JIV. Miller 2071)

T3~-10.7-0M 1z subminiature ratio detector trans-
former (JW. Miller 2073)

TS1—Five-terminal tie {nug strip (center ground)

TS2—Three-terminal tie lug strip (center ground)

Al resistors
V4 walt

stages (@3 and @}) all operate in the
common-base mode. Operating common-
base pays dividends in this design. as it
eliminates the need for tricky neutrali-
zation circuits and simplifies impedance-
matching between stages. Moreover, the
higher input and output impedances
gained by using common-base circuitry

November, 1967
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TS3-—Antenna terminal strip toptional— seetext)

I—AF. amplificr module ( Lafayette 90 C 9042
or similur)

1—2V"diamceter perumancnt magiet speaker

1—77 x 37 x 37 metal box ( Bud CU-2108-.1 or
similar)

I—"Printed circuit board for r.f. wmodule*

Misc—-Tclescoping  whip  antinna  (Lafayetie
09 3114), 'y to V4" shaft coupler (H.II.
Smith 120, 4%-0.d. x 17-long brass spacer
(H.H. Swith 2320), 147-04d. x 1VA"-long
ceramic spacer (I Smith 2647 ), W -o0.d.,
V6 -id. x ¥7-long brass spacer (111, Swmith
2100}, 6-32 screws and nuls, 4-4U screws and
nuts, 1V4%-diameter knobs, battery hardware,
ground lugs (3), antenna angle bracket—see
text, rubber fect (), perforated speaker grille,
tue pointer, wire, solder, ctc.

*An etched and drilled circuit board is avail-
able from Southwest Technical 'roducts Corp.,
219 W, Rhapsody, San Antonio, Texas 78216
for $£3.00. Order part number 142.

eliminate the need for tapped antenna,
mixer and oscillator coils, and permit
use of small coupling capacitors in the
r.f. and converter stages which effective-
ly reject unwanted i.f. signal ‘feed-
through.”

Tuning of the receiver is also surpris-
ingly simple, since only oscillator coil L3
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is tuned, by single-section variable ca-
pacitor C0. This method of tuning was
arrived at after experiments which
proved that the small increase in gain
obtainable by tuning antenna coil LI and
mixer coil L2 along with oscillator coil
L3 was more than offset by the bulk and
expense of a three-gang variable capaci-
tor. Consequently, a ‘“‘broad-band” ap-
proach was adopted in the antenna and
mixer resonant circuits. Antenna coil
L/ is resonated at about 168 MHz by
fixed capacitor C2 while mixer coil L2 is
resonated at about 158 MHz by trimmer
capacitor C5. This tuning arrangement
yields nearly uniform front-end gain
across the entire 154-174 MHz spectrum
and considerably eases the problems of
cost and alignment.

The preassembled a.f. module cuts the
construction time considerably, and helps
to keep costs down. However, assembling
the printed-circuit r.f. module and hook-
ing up the two modules in the cabinet

44

still calls for a fair investment of time
and effort.

The printed circuit board for the r.f.
module is a must in a project like this

one, as the very high frequencies at
which the circuit operates demand strict
control over parts layout, lead lengths,
and grounding. You can make your own
board using the full-size layout shown in
Fig. 2, or you can obtain it ready-to-go
(see Parts List).

Cabinet Details. I.ay out the cabinet as
shown in Fig. 3. Be sure to measure ac-
curately before you drill. (Since antenna
terminal strip 783 is optional, the holes
are also optional; they can be drilled
now if you intend to use the receiver
with an outdoor antenna.) Drill and
punch the required holes, removing burrs
and ragged edges with a tapered reamer
or file.

When metal work has been completed,
make up a panel plate (Fig. 4) and ce-

POPULAR ELECTRONICS
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Fig. 2. For best results,
copy exactly the actual-
size printed circuit
board etching guide
(on the opposite page).

Fig. 3. To avoid unwanted
interactions, mounting
holes should be drilled to
conform with dimensions
and locations shown in the
drawing (at right).

November, 1967
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POLICE SPECIAL

IT

volume

Fig. 4. Actual-size calibration guide can be copied or cut out and cemented directly on front panel.

ment it to the front panel of the cabinet
using a good-quality adhesive cement.
When the cement has dried, apply two
coats of clear, acrylic spray to the panel
plate to protect it from wear and tear.
Allow the spray to dry, and cut out the
panel plate portions covering the clear-
ance holes for the tuning capacitor and
volume control shafts, using a razor
blade or sharp knife.

Install the six threaded metal spacers
to support the r.f. module and a.f. ampli-
fier module, and the threaded ceramic
spacer to support the whip antenna (Fig.

9). Slip a ground lug under the spacer
closest to the volume control. Insert a
#4”-0.d. rubber grommet into the clear-
ance hole for the whip antenna.

Cut a 2%”-diameter circular speaker
grille from perforated sheet metal or
phenolic material and paint it black to
complement the gray hammertone finish
of the cabinet. When dry, place the grille
inside the cabinet, over the speaker
mounting hole, with the speaker on top
of it. Insert two }-40 screws into the
speaker mounting holes from the outside
of the cabinet and slip a ground lug onto

> \)
c26 [FX4
% TSI ~{®ie_ §§
c27. A
h

AF MODULE
SPACER(2)

snge]  bam

e

1
ANTENNA
ANGLE—
BRACKET

TS2

PC BOARD

Fig. 5. Shown at left are
construction details for
the antenna mounting
bracket and the parts ar-
rangement on terminal
strip TS1. Battery is held
in place by a metal clamp.

SPACERS(4)
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each screw from inside the cabinet, plac-
ing each lug so that it bears against the
mounting lip of the speaker. Fasten the
lugs in this position with two }-}0 nuts,
so that the speaker and grille are secure-
ly held against the cabinet.

Install volume control R17 on the front
panel, being careful not to tear the panel
plate when tightening mounting hard-
ware. Fasten terminal strip TSI to the
rear panel of the cabinet and install re-
sistor R16 and capacitors €26 and C27
on it as shown in Figs. 5 and 6. Run two
leads from the high side and center of
the volume control to the two empty
terminals of TS1, for later connection to
the a.f. amplifier module. Connect the
low side of the volume control to one
contact of its on-off switch; then, con-

€26 RI6 C27 TSI

Fig. 6. Carefully orient detector transformer T3 exact-
ly as shown. Commercially available audio amplifier “*
module should be mounted on the rear apron of the
chassis using appropriate size hardware and spacers.

ﬁﬁ 31 CIO%E §
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HOW IT WORKS

W T N T B R e s
the signal, applying it to the primary of ratio
detector  transformer 73 through swamping”’
resistor R12. The eficct of strong signals on the
high primary inductance of 73 is iimited by R12,
preventing “ringing’” and oscillation in the cir-
cuit. The i.0. signal applied to the tuned primary
of T3 is induced into the tuned secondary through
mutual coupling. Both the primary and secondary

Signals intercepted by the seli-contained whip
antenna are capacitively coupled to antenna tuned
circuit L7 and (2. The desired signal induces a
voltage across LI—('_’ which is coupled to the
emitter of r.f. amplifier Q01 by 3. The base of

(01 is bypassed 1o ground by (4, with operative
bias provided by R2, and emitter current stabili-
zation furnished by RJI. The minute signal cur-
rent flowing into the emitter-base junction of (7
controls the flow of collector current through
mixer tuned circuit £2-C'5, The amplified signal
voltage developed across this tuned circuit is
coupled to the omiuer of converter ()2 by (6.

Converter 02 is an autodyne circuit; i.e., it is
both an oscillator and a mixer. Oscillation is
established by coil L3 in series with the (2 col-
lector (resonated by tuning capacitor (10 and
trimmer capacitor ('11) feeding back a portion
of the ri. voltage to the emitter through (9.
since the feedback current is positive (in-phase),
the circuit oscillates.

Frequency of oscillation is determined by the
setting of (70 and may be varied from 143.3 to
163.3 MHz. An incoming signal current appear-
ing at the emitter of 02 mixes with the oscillator
current. due to nonlinear detection in the emitter-
base junction. This mixing process creates the
familiar “sum” and “difference’ signal frequen-
cies. The important signal is the difference (or
i.i.) signal, in this case, 10.7 MHz.

A portion of the primary of T1 is resonated
at 10.7 MHz by capacitor C12, Consequently.
the 10.7-MHz cnergy in the collector current of
()2 “sees” a high impedance across 71-C'12 and
is induced into the secondary winding of 7/ and
coupled to the emitter of i.i. amplifier O3 by ('13.
Transistor (0 amplifies the incoming i.f. signal.

windings are resonant at 10.7 MHz, being tuned
hy 18 and C19 respectively.

Voltages across the primary and secondary
tuned circuits of T3 are 90° out-oi-phase at
resonance. but this phase difference changes as
the frequency of the incoming i.f. signal varies.
Therefore, the signal voltuges applied to diodes
D1 oand D2 jor peak detection also change, in
step with the frequency variations of the incom-
ing signal. Both diodes are placed “back-to-back™.
s0 that beth conduct simultaneously during one-
half of the signal frequency cycle. Thus, as the
frequency of the 4. signal varies. the diodes
detect  the pmk voltage excursions. (h\(loping
audio voltages in series across equal capacitors
20 and C21. Capacitor ('23 bypasses residual
i.f. voltages appearing in the audio signal after
detection, Resistors R4 and R15 provide the
d.c. load for the detector diodes. Capacitor €22
prevents the dindes from responding to noise
pulses or other amplitude-modulated interierence
by holding the rectified signal voltage constant
across the load resistors. The audio recovered
from the incoming signal is applied via €24 to
volume control R17.

The prefabricated a.f. amplifier module raises
the audio signal to a comfortable listening level,
through two cascaded audio amplifier stages and
a push-pull, Class-B output stage. delivering a
maximum of 100 milliwatts of audio to the
speaker. Operating power for both the r.f. and

TR e i TR, e L bl

-_

B T, P o P TIPS o - e B T

a.f. modules iz supplied by 9-volt battery BI, 1
and applies its output across self-resonant i.f. byp:lsse.d by decoupling capacitor C27. Additional §
transformer T2, The secondary of T2 couples the decoupling is furnished by R16 and capacitors 5‘
amplified 10.7-MHz i.i. signal to the emitter of 25 und C26. to prevent audio modulation of .
second i.f. amplifier 4, which further amplifies the d.c. voltage applied to the r.f. module, r
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nect this contact to the ground lug under
the nearby spacer.

Install terminal strip 782 and the
whip antenna angle bracket on the tapped
ceramic antenna spacer, securing them
with a 6-32 bolt. Position the angle
bracket so that it lines up under the
grommeted clearance hole.

Wire the “hot” contact of the on-off
switch to the right-hand terminal of
TS2, but don’t solder until the battery
clip is installed. Wire the left-hand ter-
minal of TS2 to the left-hand side of re-
sistor R16 on TS1, but don’t solder at
TS2 until the battery clip is installed.

A.F. Module. The prefabricated audio
amplifier module has four pre-drilled
mounting holes in its printed circuit
board. However, only two of these holes
are used. Hold the board in position on
the rear panel spacers to check align-
ment of the board holes with the two
tapped spacers. Drill out the two mount-
ing holes matching the spacer positions
to accept 6-32 screws. Install the a.f.
amplifier module on the spacers as shown.

Next, remove the battery clip from the
a.f. amplifier module, cutting the red and
black leads about halfway along their
respective lengths. Strip the leads at-
tached to the battery clip and connect
the black (negative) lead to the left-
hand terminal of TS2 and the red (posi-
tive) lead to the right-hand terminal of
TS82. Solder both connections. The color-
coded leads of the a.f. amplifier module
should then be connected as shown in
Fig. 1. When you've completed these
steps, check your wiring carefully.

Mount the battery as shown in Fig. 5,
then connect the battery clip to the bat-
tery, switch the set on, and turn the vol-
ume control to maximum gain (fully-
clockwise). Touch the center terminal of
the volume control with your finger and
note if an audible 60-Hz buzz comes
from the speaker, indicating that the
a.f. amplifier module is working proper-
ly. If nothing happens, check the wiring
again, and the battery, or look for a de-
fect in the volume control, a.f. amplifier
module, or speaker.

R.F. Module. First install tuning capac-
itor C'10 on the non-foil side of the print-
ed circuit board, using two #6 self-tap-
ping screws inserted through the board
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into the holes on the underside of the
capacitor frame (see Fig. 7). Tighten
the screws securely to prevent vibration
of the capacitor and to make good ground
contact with the printed pattern on the
underside of the board.

Now attach a ground lug to the tapped
hole at the far left on the front of the
tuning capacitor frame, using a short
6-32 machine screw. Bend the ground lug
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Fig. 7. When mounting capacitor C10 on board,
make good electrical contact between frame and foil.

around the left side of the capacitor. Re-
move the mounting clip from trimmer
capacitor C11, and solder its rotor ter-
minal to the ground lug of #14 tinned
busbar down through the stator terminal
of trimmer capacitor C71 and through
the printed circuit board, trimming off
the excess busbar length after soldering.

Install i.f. and ratio detector transfor-
mers T1, T2, and T3 in their respective
locations on the printed circuit board
(see Figs. 6 and 7), being careful not to
bend the terminal pins in the process
since you may break the micro-thin wire
leads inside. The mounting tabs of each
transformer should be bent flat and sol-
dered to the foil ground conductor. Be
careful to install ratio detector trans-
former T3 properly. The blue core (out-
put side) should be closest to diodes D1

(Continued on page 92)
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UNDERGROUND AND CLOAK-AND-DAGGER STATIONS
MAKE CHOICE CX'ING FOR RADIO LISTENERS

LANDESTINE broadcasters are the
most fascinating and the most frus-
trating stations on the short-wave bands.
Usually operated by deposed govern-
ments or groups in exile, these pirate
stations encourage citizens to rise up in
revolution against their new govern-
ments; they urge soldiers to desert their
ranks: they broadcast coded messages to
undercover agents: and they offer the
SWL the thrill of hearing history in the
making.

Because of their sensitive political
positions, these broadcasters go to great
lengths to conceal facts about them-
selves. They rarely provide mailing ad-
dresses and transmitter locations are
usually well hidden. To avoid jamming,
clandestine broadcasters change fre-
quencies and schedules often and with-
out notice. Much “information” about
such stations is usually no more than

November, 1967

BY THOMAS KENT

rumor. and the SWL must analyze each
piece of evidence to learn the real facts.

In The Bahamas? Since the end of the
Radio Americas’ location controversy—
it's definitely on Swan Island—the num-
ber one mystery station has been Radio
Libertad. This broadcaster, which bills
itself as ‘“‘the anti-Communist voice of
America,” has been on the air for several
years, beaming anti-Castro programs to
Cuba. It is generally believed that the
U.S. Government has an “interest’” in the
station’s operations.

The biggest question about Radio
Libertad is its true location. It is never
mentioned, and the mailing addresses
given over the air have all proved to be
false. However, many DX'ers have long
believed that the transmitter is on An-
dros Island, one of the southernmost is-
lands in the Bahamas group.
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To check this theory, a letter was sent
to the Bahamas Broadcasting and Tele-
vision Commission in Nassau asking if
Radio Libertad operates from Bahamas
territory. The station’s operating sched-
ule and frequencies were included with
the letter. The reply, from H. R. Bethel,
General Manager of Bahamas govern-
ment station ZNS, was surprising: al-
though Radio Libertad's BCB frequency
was monitored for three days, said
Bethel, no signal was heard! This is cer-
tainly peculiar since the station is easily
received in Puerto Rico, even farther
away than Nassau from Cuba, Radio
Libertad’s target area. Subsequent let-
ters suggesting that Radio Libertad’s
short-wave frequencies be monitored
were ignored. Is it possible that ZNS is
not telling all it knows?

Direction-finding instruments and
beam antenna headings indicate that the
Radio Libertad transmitter is in the gen-
eral vicinity of Andros Island. The Ba-
hamas have always cooperated with U.S.
Government operations. (It is believed

that U.S. Armed Forces bases are located
in the Bahamas, and it wouldn't be diffi-
cult to hide a radio station in the jungles
of Andros Island.)
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Small islands in the Caribbean have long been sus-
pected as hiding places for clandestine broadcast
stations. Radio Americas’ transmitters are located
on Swan lIsland, and two new transmitter facilities
located on Navassa Island will soon be operational.

Radio Libertad is easy to log, though
QSL'’s are obviously not available. Trans-
missions are from 1100 to 1645 and from
0000 to 0600 GMT on many frequencies.
Among the most reliable frequencies are
15,050, 9295, 7308, 6250, 6000 kHz (a

Operating at 1160 kHz on the standard broadcast band, and 6000 kHz on the international broadcast (short-
wave) band, Radio Americas routes all program material through control console shown at lower left,
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former Radio Americas channel), and
1400 kHz. Broadcasts begin with chimes
and the same anthem used by Radio
Habana Cuba. All programs are in Span-
ish: however, station identifications are
also given in English.

Incidentally, as this story goes to press,
there is considerable fanfare concerning a
new station to be opened on Navassa Is-
land, between Haiti and Cuba. This island
is a U.S. Possession and apparently, up
until quite recently, has been uninhabited.
Transmitters are being shipped to
Navassa for operation in the AM broad-
cast band, as well as in the short-wave
broadcast bands. The BCB transmitter is
rated at 50 kW, and the short-wave
transmitter at 20 kW. Programming is
reported to be similar to that of Radio
Americas—all Spanish language broad-
casts.

The ‘“Numbers’’ Game. More mysteri-
ous than Radio Libertad are the short-
wave ‘“‘numbers stations’’-—some prob-
ably located in the Caribbean area. These
stations begin their transmissions with
musical signals, chimes, or the sound of
buzzers. Then, without any other station
identification, announcers read long lists
of numbers in 4- or 5-digit groups. At
the end of the lists of numbers, the sta-
tions abruptly leave the air—again with
no identification. It is suspected that all
of these numbers stations are somehow
involved in espionage activities and are
transmitting coded instructions to under-
cover agents.

Numbers stations have been heard in
the German, Russian, English, and Czech
languages, but the most interesting ones
to North Americans are those that broad-
cast in Spanish. According to Cuban ex-
ile sources, the Spanish-speaking stations
are used by the Federation of Cuban
Workers in Exile, a Miami-based organi-
zation, to send coded instructions to anti-
Castro guerrillas inside Cuba. The trans-
mitter site is unknown, but is most likely
located in the Florida Keys, where many
Cuban exile activities have been based.

These Spanish numbers stations have
been heard around 0400 and 0500 GMT
in the 3-4 and 5-8 MHz bands. They
change frequencies often, but among the
channels most consistently in use are
7390, 7010, 5680, 5630, 3380, and 3205
kHz. The song “Besame Mucho” is fre-
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quently employed for transmitter identi-
fication by some stations.

Besides Radio Libertad and the Span-
ish numbers stations, there is another
important clandestine radio activity in
our hemisphere. A number of unlicensed
short-wave stations have suddenly begun
operation in Bolivia, most of them in or
near the 49-meter band. Communist in-
surgency in Bolivia has reached an all-
time high, and it is possible that these

Radio Americas feeds these twin antennas in phase
to produce a directional pattern aimed at Cuba.

stations are a part of the ‘liberation”
movement, especially since they are all
located in rebel-infested areas.

A partial listing of these stations in-
cludes: Radio Mandez, Huanuni, on 5790
kHz; La Voz del Minero, Llallagua, on
5850 kHz; Radio Busch, Uyuni, on 6500
kHz; and Radio Copacabana, Sucre, on
6600 kHz. There are also two stations
known as Radio Libertad (no relation to
the Andros Island station) operating
from Santa Cruz and Sucre on 6200 and
6600 kHz respectively.
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In Europe, Too. One of the more inter-
esting clandestine stations in Europe is
Radio Euzkadi, operated by the Basque
resistance movement. The goal of this
movement is to create an independent
state for the million-odd Basques now
living in northern Spain, though even
among the Basques the idea has won
little popular support. The movement
claims to be strongly anti-Communist.
and “wants only to re-establish Euzkadi,
the Basque homeland.”

As is the case with other clandestine
stations, Radio Euzkadi’s transmitter lo-
cation is unknown. The unsuccessful at-
tempts made by Spanish dictator Franco
to silence the station indicate that the
transmitter is probably not in Spain. The
station may be in southern France, where
there is a small Basque colony. Head-
quarters of the Basque resistance move-
ment is in Paris and the Basques evi-
dently operate freely in France.

It has been suggested by some DX’ers
that Radio Euzkadi is in Latin America
or in Cuba. Radio Euzkadi itself denies
that it is associated with Communist
Cuba “or with any other government.”
There really seems to be mo reason why
the Basques should want to set up high-
powered—and therefore very expensive
—transmitters in Latin America when
they can operate safely and with low
power from French territory.

Radio Euzkadi (“La Voz de la Re-
sistencia Vasca’) broadcasts in both the
Basque and Spanish languages around
2145 GMT on 15,080 and 13,250 kHz.
Reports are usually verified; they should
be written in Spanish, if possible. The
address is 48, rue Singer F-T75, Paris
16e, France.

Less is known about two other Euro-
pean clandestine stations, Radio Portu-
gal Livre and Radio Espana Independi-
ente. They are both Communist opera-
tions whose targets are Generalissimo
Franco and the Portuguese dictator, Pre-
mier Salazar. Radio Portugal Livre is
rumored to operate from Rumania,
though Radio Bucharest denies this ru-
mor. The station is heard on 8333 kHz in
Portuguese until sign-off at 2350 GMT.
“A Portuguesa,” the Portuguese nation-
al anthem, is played at the end of each
transmission.

Radio Espana Independiente transmits
on 6950, 7600, and 10,110 kHz around
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1500 GMT and on 10,110, 11,260 and
12,140 kHz around 0600 GMT. The
World Radio Bulletin gives as its address,
P.O. Box 359, Prague, Czechoslovakia.

The Asiatics. The complex political sit-
uation in Southeast Asia has given rise
to several new clandestine stations there.
The most recent is the Voice of the Peo-
ple of Thailand, 9425 kHz, which signs
on with Oriental chimes at 1430 GMT.
It broadcasts only in Thai and is obvi-
ously Communist-supported.

The Associated Press reports from
Saigon that a station identified as Radio
Liberation Army or ‘“Voice of the Sacred
Sword of Patriotism” has been heard
urging North Vietnamese soldiers to

At one time, Radio Americas’ operating expenses
were paid by funds from a sympathetic government.
Now sale of advertising time pays these expenses.

leave South Vietnam. It claims to be in
Hanoi, but is almost certainly operated
by American or South Vietnamese per-
sonnel in South Vietnam. Of course,
there is no relation between this station
and the various ‘“‘Radio Liberation Army”
stations operated by North Vietnam and
Communist China. Transmissions are at
0500-0600 on 7225 and 7216 kHz (Hanoi
also uses the latter channel) and at 1400
GMT on 9425 kHz. The interval signal is
a drum and cymbal call, and the Viet-
namese ID may begin “Guom Thieng Ai
Quoc”’ or “Day la Tieng noi.” —30—
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Instant

Non=KFat
Speaker
Eneclosure

TEST SPEAKER
FINDS A NEW HOME

F NECESSITY is the mother of inven-
tion, ingenuity must be the father, or
so the saying goes. Recently I needed two
identical speaker enclosures and the only
systems available were too large or too
heavy. Rather than assemble enclosures
from plywood scraps, I settled for two
empty white plastic milk containers! I
converted them into enclosures in just
about an hour.

But you don’t need plastic milk con-
tainers to build the “Instant Non-Fat
Enclosure.” Any cube-shaped, one-gallon
jug—preferably with a large carrying
handle, for portability—will do. If you
buy milk or liquid detergents in bulk, the
jug is a bonus; otherwise, you can pick
one up at a hardware store for about 25
to 50 cents.

The finished enclosure can be dressed
up with weird designs for the youngsters,
or painted a solid color to match the
decor of your game room. You also get a
two-for-one deal with the jug-type en-
closure: you can go from a sealed en-
closure to a ported enclosure simply by
removing the jug cap!
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Any replacement-type 3.5- to 8-ohm im-
pedance speaker up to 5” in diameter (or
4” x 6” oval) can be used. The speaker
should be mounted on the outside of the
jug, so the mounting hole must be just
large enough to accommodate all but the
flat mounting rim of the speaker basket
—see the illustration on the next page.
(For a typical 4”-diameter speaker, this
hole will be approximately 3%4” in diam-
eter. For any other size speaker. care-
fully measure the hole size you need.)

Locate the speaker mounting hole so
that when it is cut there will be enough
room to mount a pair of banana jacks or
5-way binding posts along the bottom of
the jug. After cutting the hole, temporar-
ily set the speaker in place, and mark off
the mounting screw holes. Remove the
speaker, and punch or drill an 'Y”
hole at each mark. Then screw a 1" x 1”7
binding-head machine screw (or regular
machine screw and a lock-washer) into
each hole. Use a short-handled screw-
driver and orient the screws so that their
heads are on the inside of the jug.

Solder a 12”-long piece of insulated
stranded hookup wire to each of two
chassis-mounting-type solder lugs. Then
drill appropriate size holes and mount
the banana jacks or binding posts in
place, setting one of the solder lugs un-
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Dowel is cemented to speaker and screwed to rear
wall of jug to insure maximum enclosure rigidity.

der each nut inside the jug before tight-
ening the nuts.

To obtain the most acceptable sound
from the “Instant Non-Fat Enclosure,”
the walls of the plastic jug must be made
less flexible. This can be done by gluing
two or three tongue depressors to the
jug’s side and rear interior walls. One
tongue depressor should be oriented on
the rear wall so that a wood screw can
be driven through it and into the wood
dowel as shown in drawing above. When

the glue sets, apply a heavy coat of floor-
tile adhesive to all interior surfaces ex-
cept the cap.

Set the jug aside and allow the adhe-
sive to set. Meanwhile, determine the dis-
tance between the speaker magnet sup-
port and rear wall of the jug when the
speaker is mounted in place. Cut a %" x
14" piece of wood to this length, and glue
one end of this wood dowel to the rear of
the magnet support. Allow the glue to
set at least six hours, or overnight.

Solder the hookup wires coming from
the banana jacks or binding posts to the
voice coil lugs on the speaker. When the
adhesive on the jug walls and the glue
holding the wood dowel to the speaker
magnet support set, fill the jug with
shredded cotton batting or kapok. Lower
the speaker into its mounting hole, and
screw it down. The adhesive covering the
screw heads will hold the screws tight.

Finally, drill a hole in the rear wall of
the jug, directly in line with the wood
dowel on the speaker. Drive a 1”-long
wood screw through the rear wall and
into the dowel. Seal the mating surfaces
between the speaker basket and jug with
caulking compound or other suitable ma-
terial. If necessary, mount a protective
screen over the exposed speaker to pre-
vent damaging the cone by rough han-
dling. —David B, Weems

World’s Most Powerful Transistor

ERY HIGH POWER is now available

in a single transistor—the Model
1401 being produced by Westinghouse
Electric Corporation. The 1401 is rated
at 625 watts and 250 amperes, making it
the world's most powerful transistor at
the present time. A diffused junction npn
transistor, the 1401 employs a specially
processed 1”-diameter by 0.01”-thick sil-
icon wafer. A new method of mounting
the silicon wafer was developed to mini-
mize heat effects. The 1401 was designed
mainly for voltage regulation, amplifica-
tion, and switching of large blocks of
power. However, it is also suitable for
power switching in electrical distribution
systems in aircraft and missiles, and as
the control system for electric automo-

biles. ~Bo-
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HENEVER Citizens Band users get to-

gether, enforcement of Federal Com-
munications Commission regulations gener-
ally becomes the major topic of discussion;
and as a result of this dialogue a distorted
image of the FCC has grown in the minds of
a great many law-abiding CB’ers. The dis-
tortion is attributable largely to two factors:
(1) there are a few operators who willfully
violate FCC rules, either out of ignorance of
the true purpose of CB, or out of resentment
at the Commission’s “intrusion” on their
“rights”; and (2) the same small group is
eager to peddle its ‘“‘gospel” to other CB’ers
who have no ax to grind and whose only
direct contact with the FCC comes through
an application for a license.

In an effort to help CB’ers know the FCC
better—and to better understand existing re-
gulations—representatives of the Amphenol
Corporation, manufacturer of CB radios. re-
cently visited with E.J. Galins, engineer-in-
charge of the Commission’s 18th district
Field Engineering Office in Chicago. Mr.
Galins and his five assistants are respon-
sible for a 5-state area comprised of Illinois,
Indiana and parts of Iowa, Kentucky and
Wisconsin. Here are some of his answers to
questions about CB that were put to him
during the interview.

Q. Mr. Galins, what has been the result
of the new CB rules instituted in April, 1965?

A. First off . . . there really weren’'t any
“new” rules, just a restatement of the old . . .
The first rules, perhaps, were written too
briefly and loosely, but it was never really
even implied that anyone could use CB for
hobbying. There’s no longer any doubt that
people who violate Part 95 (FCC rules for
CB) do so deliberately. . .

Q. Did the FCC anticipate the great de-
mand for CB licenses?

A. Yes, I think so—at least 1 did. After all,
whenever you open up anything like this to
the public without any strings to it except
age, you're going to get a big response.

Q. What effect has the response had on
you and your assistants?

A. With the increasing number of licensees,
the number of violations has gone up rapidly
... We have rather limited enforcement, five
men and three monitoring vehicles . . . We
have so many demands from more vital ser-
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vices—like police and industrial bands—that
we can’t use even one man full time on CB
violations.

Q. Does that mean you don't crack down
very hard on CB violations?

A. Absolutely not . . . We have many no-
tices going out of this office every week . . .
which may cost CB’ers as much as $100 and
their licenses . . .

Q. Don’'t you have to crack down on a
violator while he's on the air?

A. No. All we have to do is hear an in-
fraction on the air and we can issue a No-
tice of Violation by mail. . . Often we hear
stations in our district working CB'ers in
Texas or California, so we write out citations
for both parties.

Q. Do you ever call offending stations on
the air?

A. No, never. In fact, our vehicles carry
no Citizens Radio transmitting equipment.
We get reports of people pretending on the
air that they’'re the FCC—which, by the way,
is illegal—but the real FCC just listens.

Q. What other violations do you make
special efforts to stop?

A. We take special interest in stations
with unusually strong signals . .. and (those)
we observe with 100" towers. We can tell with
field strength meters whether or not a given

the FCC's 18th district

Engineer-in-charge of
Field Engineering Office in Chicago, E. J. Galins
(left) discusses current CB regulations with a rep-
resentative of the Amphenol Corporation (right).
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antenna can radiate a signal of a given
strength with a legally powered transceiver.
If we believe that the power is in excess of
five watts input, we pay a call on the oper-
ator.

Q. Do most violators break more than one
law?

A. Yes, unfortunately. It's not unusual
to find the same violator using obscene lan-
guage, not using call letters, running more
than legal power limit with an antenna ex-
ceeding the 20’ regulation . .. About one per-
cent of CB'ers deliberately disobey FCC
rules.

Q. Many people have been talking recently
about a program called HELP, the Highway
Emergency Locating Plan. What enforce-
ment problem do you think would be created
by a program of this sort which would put
two-way radio CB transceivers in the fam-
ily car so the driver could call for help in
case of trouble?

A. 1 expect it would make our job more
difficult, but any program that might reduce
traffic hazards on our nation’s highway sys-
temn deserves deep study. That's exactly what
the FCC is giving HELP right now—deep
study.

Q. The FCC recently charged that some
CB set manufacturers are abetting violators
by supplying transceivers that operate on
proposed HELP channels and also on cer-
tain Business Band channels. From an en-
gineering standpoint, does present CB
equipment encourage CB operators to break
the rules?

A. Most equipment will meet Part 95 rules
as long as an unqualified person doesn’t tam-
per with it. The regulations clearly specify

!%\'.. }5\—""‘:’* i . » . * ]

Ay e
Monitoring engineers operating out of the Chicago
FCC office have only three vehicles to check on CB
communications in a five-state area. The vehicles
are equipped as shown here; none has a transmit-
ter since the FCC only LISTENS for violations.
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that a person must have a Second Class
Radiotelephone license in order to service the
frequency and power-determining circuits of
a CB transceiver. So far as equipment with
features that encourage law-breaking is con-
cerned, Rosel Hyde, FCC chairman, recently
told CB manufacturers that the service
would be in jeopardy if CB equipment and
CB advertisements continue to ‘“invite vio-
lations by the unsophisticated, careless li-
censee.” Linear amplifiers for CB, transmit-
ters that hint at possible modifications to
higher-than-legal power limits, units with
more than 23 channels, and those covering
more than CB frequencies—when used by un-
informed or irresponsible persons . . . con-
tribute to an already infamous violations
record.

Q. In closing, what final thoughts would
you like to leave the nation’s Citizens Band
users?

A. 1 guess the first would be that, despite
its limited staff, the FCC is listening. There’s
no future in breaking the law—especially a
radio law which is so easy to enforce even a
thousand miles from the scene of the vio-
lation.

Second, don’t be tempted to break the law
by answering calls from other licensees . . .
Only seven of the 23 channels may be used
for talking with other licensees.

Third, identify every transmission and
don’t permit family members to operate
your equipment without identification in
your absence. Omission of station identifi-
cation is equivalent to driving a car without
license plates.

Finally, I'd like to suggest that every CB
user periodically review Part 95 rules and
regulations to make sure that he isn’t ac-
cidentally violating some rule that might re-
sult in a fine at some future date.

CB Emergency Action. Jim Greer, Allied
Louisiana Emergency Radio Team (ALERT)
member, learned recently that completing a
monitoring shift at midnight doesn’t always
signal the end of the ALERT day. On his way
out of the Bellemont Motor Hotel, where
ALERT’s emergency control center is located,
Greer learned that a woman at the motel was
suffering from what appeared to be a heart
attack, and that no ambulance was available
to transport her to the hospital. Greer made
available ALERT's two emergency vehicles.
while George Weimer called police to inform
them of the matter. Police met the ALERT
mobiles en route and escorted them to the
hospital. After analysis and treatment, the
woman was found to have been suffering
from food poisoning. ALERT members were
commended for their quick thinking and ac-
tion.

(Continued on page 118)
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Low-Cost
High-
Quality
Eleetronie
Voltmeter

ALMOST NON-LOADING
VOLTMETER
MEASURES FROM

0.5 to 150 VOLTS
FULL SCALE, AND IS
IDEAL FOR TESTING
SEMICONDUCTOR
CIRCUITS

BY FRANK H. TOOKER

EASURING the very low d.c. volt-

ages in a solid-state circuit is al-
most impossible with most VOM's. Why?
Because of the shunting effect of the low
input resistance of the VOM (it could be
about 1000 ohms-per-volt) across what
usually is a very low resistance within
the circuit. The resulting parallel resis-
tance produced by this combination is,
in most cases, far below what the circuit
needs to operate properly. The effect: im-
proper cperation due to wrong voltages,
excessive current flow, and associated
electrical changes within the circuit.

It was to remove this excessive load-
ing that the VITVM was developed. Its
very high input impedance (typically
about 11 megohms) alleviated the paral-
lel resistance problem, and in essence
produced a non-loading measuring in-
strument. Unfortunately, most VIVM's
in use have 1.5 volts as their lowest full-
scale range—making it difficult to read
many of the fractional voltages usually
found within solid-state circuits.

November, 1967

The DCEV (direct-current electronic
voltmeter) diagrammed in Fig. 1, com-
bines the high input resistance of the
VTVM with the portability of the VOM,
uses a couple of low-cost transistors, and
has the impressive specs shown in the
table on page 59. Note that the DCEV
has an input resistance of one megohm-
per-volt over the four lowest ranges,
making it an ideal voltmeter for solid-
state checkout. The cost? Just about
$20, plus a few hours of work.

Basic Operation. The DCEV is, in a
sense, a resistance multiplier. It may be
visualized as taking the moderate resis-
tance of a conventional voltmeter circuit
and building it up by a factor of 50. It
does so by current amplification. A volt-
meter having a 50-rA meter movement
provides a resistance of 20,000 ohms-
per-volt. When a 50-pA meter is pre-
ceded by an amplifier having a fixed gain
of 50, the resulting resistance becomes
50 x 20,000 = 1 megohm per volt.
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Fig. 1. The DCEV is basically a two-transistor TVM
(transistor voltmeter) having the very high input
impedance of the VIVM and the portability of a
VOM. Uniike most VOM's, the DCEV has a 0 to 0.5
volt full-scale lower range, making it ideal for use
with any type of semiconductor circuit including IC's.

8

Both the microammeter and the series
resistor of the conventional voltmeter
have a linear response, i.e., if sufficient
voltage is applied to the combination to
make 50 A flow in the circuit, the meter
deflects to full scale; if a voltage equal to
one-half that required for full-scale de-
flection is applied, then 25 A flows in
the circuit and the meter deflects to half-
scale.

When the voltmeter is incorporated in
a DCEV, a similar order of linearity must
be designed into the transistor amplifier,
if the meter readings of the DCEV are to
be reliably accurate. In fact, to measure
both positive and negative voltages at
high impedance and with equal accuracy
for both, the transistor amplifier must be
linear over the whole range of full-scale
deflection of the meter with a positive
input potential to full-scale deflection of
the meter with a negative input poten-
tial-—twice the range of the meter move-
ment alone. The linearity of a DCEV in

PARTS LIST

Bl—9-volt transistor battery

C1—0.25-pF, 200-volt Mylar capacitor

T1—Probe jack ¢ Lafuyette 99 C 6234 or sini-
lar

I2—Banana jack, red

T3~ Bunana jack. bluck

M1 37 wmeter, 0-50-p0 (Lafayette 99 C 5042
or similar)

O1-—2N3302 fransistor

(12—-2NJ0A transistor

R1—10,000 olims. = 100

R2—200.000 ohms, = 5¢

R3, Ri—10 megohms, = 5

RH4—3 megaohms. = 37

R3.R9— 1 megohm.=x 59,

Ro—2d megohms, =5 ¢ Al fixed
RE-—3.5 megohms, = 5 resistors
RI10—160,000 ohims, = 5%, Vi watl

RIT—750,000 olims, = 5%

RI2 220,000 olims, = 3%

R13—22.000 0hms, = 109

Rid4— 220 olrms. = 10

RI3—H300 olims. = 5%

R16—1300 ohns. = 57,

R17--100.000-0lm potentiomcter

RIS—120,000 ohms, £ 10%

R10-—13,000-0km  polentiometer, wire-womnd

20, R24 1800 ohms, = 56

R21—1000-0km potentiometer, wire-wound. niin-
fature (Mallory VIWW-1K, or similar)

R22-—3000 ohms, £ 5

R23——3500-0hm potentiometer, wire-wound, wmii-
iature ( Mallory VIV, or similar)

S1—2-pole.  Y-position, non-shorting  rotury
switch (Mallory 32291, or similar)

y d-position.  wuon-shorting  rotary
switch (Mallory 32347, or similur)

1-—6" x 37 x 47 wtility cabinet

JIL\‘C.*I[UH(I[C, transistor sockets (2}, rubber
fect, Va7-long #F8 spacers (2), pointer knobs
Jor R21 and R23, 4347 x 2347 x 1/16” msu-
lated mounting board, battery clip. batiery
connector, ,\'mu// L-bracket, wire. solder. efc.

Aecessories—Test leads (1 red, 1 black) with
banana plugs, isolating probe (see Fig. 3)

58

wwWw americanradiohistorv com


www.americanradiohistory.com

HOW IT WORKS

Transistors Q1. and (22 are cnnnected as a
high-gain, direct-coupled amplifier. Input is ap-
plied to the base of (1 and the resulting output
at the collector of Q2 is measured by microam-
meter M1 in series with calibrating potentiome-
ter R19. A current proportional to the deflection
of M1 flows in collector resistors R15 and R16,
and a voltage proportional to the current flowing
in R16 is fed to the emitter of Q7 as negative
feedback.

In addition to stabilizing the gain of the am-
plifier. this feedback accomplishes four other
important functions: (!) it increases the input
resistance of Q1I; (2) it decreases the elfective
output resistance of Q2; (3) it mukes the per-
formance of the amplifier largely independent of
the current gains of the transistors: and (4} it
stabilizes the operating bias of (JI and Q2 in the
presence of temperature variations, Residual
drift due to thermal activity is nulled out by
adjustment of Balance potentiometer R21, which
is connected in the conventional manner of a
bridge. Zero potentiometer R23 is adiusted to
set the ground potential of the instrument equal
to the base potential of Q1.

Amplifier Q1-02 is preceded by a conventional
resistive attenuator which enables the DCEV to
measure from 0.5 volt full scale to 130 volts
full scale in six settings of the Rauge switch. Re-
duction of the input resistance on the two higher
ranges is limited to 20-plus megohms, which
helps to keep the DCEV accurate during hot
summer days when humidity percentages run high
and insulation tends to behave like a very high

this respect is termed its “turnover lin-
earity,” and in the instrument described
in this article, turnover linearity is bet-
ter than in many a VITVM.

The best way to obtain linearity in an
amplifier is to provide means of auto-
matically and continuously comparing
the output level with the input level, and
to maintain a fixed ratio between the
two. In other words, it is essential to
stabilize the gain of the amplifier over a
wide range of current input. This has
been done by designing a high-gain am-
plifier with a response that is as linear
as possible and then employing negative
feedback to bring the gain down to the
required level. The linearity improves in
the same ratio as the gain reduction.
Thus, if an amplifier is linear within,
say, 109, without negative feedback, and
a gain-reduction factor of 20 is obtained
as a result of adding feedback, the lin-
earity with feedback will be 10¢¢ /20, or
0.5%.

Construction. The DCEV can be assem-
bled in a 4” by 5” by 6” aluminum util-
ity box with room to spare. The at-

resistance. As it is, the input resistance of the
DCEV on the 150-volt range is more than twice
that of a VIVM.

Capacitor ('1 bypasses to ground any “hash”
picked up on the test leads. The presence of this
capacitor also increases the rise time of the input
circuit to where very little overtravel of the
meter needle occurs when a potential is suddenly
applied to the DCEV's input terminals.

Selector switch 82 not only makes provision
for the measurement of either positive or nega-
tive voltages at the DCEY input, but it also has
a position for accurately checking the battery
while the amplifier is in operation. To calibrate
this part of the circuit, set potentiometer R17
at maximum resistance, then connect a VOM
(so you can read 10 volts conveniently) in par-
allel with the battery. Set the Selector switch to
Batt, and read the battery voltage on the VOM.
Multiply the VOM reading by 5 and adjust R17
until the meter of the DCEV reads this value.
Thereafter, the DCEV battery can be checked at
any time simply by setting $2 to Beff and divid-
ing the DCEV's meter reading by 5. When the
battery voltage begins to drop, replace the bat-
tery. Power consumption of the DCEV is low, so
battery life is long.

When the Selector switch is set to Off, the bat-
tery is disconnected and the terminals of the
nicroammeter are simultaneously short-circuited,
So doing damps the meter movement substan-
tially, thus helping to protect the movement from
damage and pivet wear while the DCEV is being
handled or transported. This refinement is sel-
dom, if ever, found even in instrumenfS costing
many times the DCEV.

tractive appearance of the instrument
depends in large measure upon how care-
fully and accurately the front panel is
laid out and machined. Layout dimen-
sions are given in Fig. 2. If the layout

E SPECIFICATIONS
| Range 0.5, 1.5, 5.0, 15, 50, and 150
', volts d.c.
Input 1 megohm-per-volt on - four lower
Resistance ranges; 300,000 ohms-per-voit
on 50-volt range; and better than
150,000 ohms-per-volt on 150-
volt range
Linearity 19, from full scale to 1/5 full
scale
Turnover 1% or better
Linearity
Accuracy =+ 59, with unselected resistors
Power 2 mA at 9 volts
Consumption
Other Special switching provides meter
Features damping to avoid damage in '
transport, and also permits easy
; battery voltage check
2 |
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lines are kept short, confined to the
point of measurement, they will not show
when the instrument is assembled. When
all machine work is finished, deburr the
openings, then degrease the panel by
washing it thoroughly in a conventional
detergent-water solution, rinse well, and
dry.

Panel lettering can be done with either
decals or dry-transfer labels. The im-
portant thing is to work slowly and care-
fully, keeping in mind that there is as
much satisfaction to be had in the ap-
pearance of a good instrument as there is
in its use. The switch positions will be |

1
SOLDERLESS-TYPE TIP
1
T/PROD |

200K, 5% 172 WATT
RESIS

SRR e
TRIMMING RESISTOR FOR R20 (IF NEEDED)

e e e ——

[ SOLDER INNER CONDUCTOR "
TO RESISTOR i 5 {

Flg 2. Layout dlmenSlons
for front panel. Panel let- 1- 5/16"
tering can be done with
almost any type of dry
transfer or decal kit.

L
I—K
INCREASE 1D OF PROD HANDLE

TO SNUG FIT ON CABLE.
CEMggT CABLE SOLIDLY IN
PL

-5/16"

I

SMALL DIA COAX MICROPHONE
/CABLE -4 FEET LONG ' *

: 6"
D'J 1-11/16" Lne"—-—
PROBE_PLUG - LAFAYETTE
99C6239 OR SIMILAR - 5/16" ) l . -5/16"
SOLDER_INNER CONDUCTOR OF ! 3/8"DIA | 3/8" DIA !
CABLE TO TIP; SHIELD BRAID g @
TO SLEEVE _
Fig. 3. Construction de- j
tails for the isolating 174" D1A .
probe for use with the 1-5/16" 1-1/2
DCEV. These parts are not |
included in Parts List. -
—— - 7/16"
T
2 HOLES, DIAMETER TO ACCOMODATE
INSULATING WASHERS OF BANANA
JACKS OR BINDING POSTS, AS DESIRED
60 POPULAR ELECTRONICS
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The completely assembled DCEV (left, above) is made up of the
front-panel assembly (center), and the insulated board assembly
(above, right). Battery is clamped to bottom of case as shown. Note
that R20 is mounted on the transistor side of the board (see text).

most legible and attractive if the lines
are made in white and the legends in
black.

Range switch SI is a 9-position unit,
but only seven of the positions are used
in the DCEV. The stop provided with the
switch specified in the Parts List should
be located so as to confine rotation to
these seven positions. Prewire the Range
switch with the multiplier resistors (K2
through R9) before mounting it on the
panel.

The accuracy of the readings obtained
depends largely upon the accuracy of the
multiplier resistors. Best accuracy will
be achieved when the exact values speci-
fied in the Parts List are used. These
resistors can be selected from 59; units
tested on an accurate resistance bridge.
If stock (unselected) 59, resistors are
used, the DCEV will still be of consider-
able value in practical applications, how-
ever, for much of the electronic equip-
ment to be tested with it will not require
an accuracy greater than *=59; in oper-
ating voltages.

November, 1967

Most of the parts associated with the
amplifier are assembled point-to-point on
a 434" x 231" x Y” insulated mounting
board. Wire terminals are used where
multiple connections are needed. In the
author’'s model, resistor R20 has been lo-
cated on the outer surface of the board
where it is easily accessible for trimming
its value to obtain optimum initial cen-
tering of the Balance and Zero controls.
If you are not interested in such split-
ting of hairs, this resistor can just as
well be located below deck along with
the others.

The board is mounted on the meter
terminals with !4” spacers at the top
and secured at the bottom by a small
L-bracket under one of the screws hold-
ing the battery clip. Layout is not criti-
cal, and any other method of assembly—
perforated mounting board and flea clips,
or a printed circuit board—can be used
instead, if desired.

Construction details of an isolating
probe for the DCEV are given in Fig. 3.

(Continued on page 104)
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10 Reasons why
RCA Home Training is

Your best
investment

for a rewarding
career

in electronics:
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1 LEADER IN ELECTRONICS
TRAINING

When you think of electronics, you
immediately think of RCA...a name
that stands for dependability, integrity
and pioneering scientific advances. For
over a half century, RCA Institutes.
Inc., a service of Radio Corporation of
America, has been a leader in technical
training.

RCA AUTOTEXT TEACHES

ELECTRONICS FASTER, EASIER,

ALMOST AUTOMATICALLY
Beginner or refresher, AUTOTEXT.
RCA Institutes’ own method of pro-
grammed Home Training will help you
learn electronics more quickly and with
less effort, cven if you've had (rouble
with conventional learning methods in
the past.

THOUSANDS OF WELL PAID JOBS

ARE NOW OPEN TO MEN SKILLED

IN ELECTRONICS
RCA Institutes is doing something pos-
itive to help men with an interest in
electronics to qualify for rewarding
jobs in this fascinating field. Every year.
literally thousands of high paying jobs
in electronics go unfilled just because
not cnough men take the opportunity
to train themselves for these openings.

WIDE CHOICE OF CAREER

PROGRAMS
Start today on the clectronics career
of your choice. On the attached card is
a list of “Career Programs”, each of
which starts with the amazing AUTO-
TEXT method of programmed instruc-
tion. Look the list over, pick the one
best suited to you and check it off on
the card.

Construction of Multimeter.
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SPECIALIZED ADVANCED
TRAINING
For those already working in elec-
tronics or with previous training, RCA
Institutes offers advanced courses. You
can start on a higher level without wast-
ing time on work you already know.

6 PERSONAL SUPERVISION
THROUGHOUT

All during your program of home study,
your training is supervised by RCA In-
stitutes experts who become personally
involved in your efforts and help you
over any “‘rough spots” that may de-
velop.

7 VARIETY OF KITS YOURS
TO KEEP

To give practical application to your
studies, a variety of valuable RCA In-
stitutes engineered kits are included in
your program. Each kit is complete in
itself. You never have to take apart one
picce to build another. At no extra cost.
they're yours to keep and use on the job.

8 FROM RCA INSTITUTES ONLY —
TRANSISTORIZED TV KIT,

VALUABLE OSCILLOSCOPE
Those enrolled in RCA’'s television
course Or program receive complete
transistorized TV Kit. All students re-
ceive a valuable oscilloscope —both at
no extra cost and only Irom RCA Insti-
tutes.

9 UNIQUE TUITION PLAN

With RCA Home Training, you
progress at the pace that is best for you!
You only pay for lessons as you order
them. You don't sign a long-term con-
tract. There's no large down-payment
to lose if you decide not to continue.
You're never badgered for monthly

\

bills. Even if you decide .o interrupt
your training ar any time, you don’t pay
a single cent mare.

1 0 RCA INSTITUTES GRADUATES

GET TOP RECOGNITION
Thousands of graduates of RCA Insti-
tutes are now working for leaders in the
electronics ficld: many others have their
own profitable businesses. This record
is proof of the high quality of RCA In-
stitutes” training.,

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer. you can attend classes at
RCA Institutes Resident School. one of
the largest of its Kind in New York City.
Coeducational clussroom and labora-
tory training. day and cvening sessions,
start four times a year. Simply check
“Classroom Training™ on the attached
card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell,
Grumman, Westlinghouse, and major
Radio and TV Networks have regularly
employed graduates through RCA
Institutes’ own placement service.

SEND ATTACHED POSTAGE PAID CARD
TODAY! FREE DESCRIPTIVE BOOK
YOURS WITHOUT OBLIGATION! NO
SALESMAN WILL CALL!

programs are approved for veter-

|
' All RCA Institutes courses and
{‘ ans under the New G.I. Bill.

RCA |NST|TUTES, INC. Dept. PE-N7

350 West 4th Street
New York, N.Y. 10014

Accredited Member National Home Study Council

The Most Trusted Name in Electronics
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Temperature experiment with transistors.
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DITORIAL SPACE is always at a pre-

mium and you must excuse us if we
paraphrase your questions and simultane-
ously make the answers as brief as pos-
sible. Obviously, many questions can be
answered at great length, but not all readers
are interested in the same questions. We
try to strike a balance between the “no in-
formation” inquiries and the ‘“sufficient for
the purpose” published answers. At times, it
may appear that we have oversimplified
answers, but this is only because we credit
our readers with the intelligence and in-
genuity to supply any ‘“missing” data need-
ed in the solution of a problem.

We must once again reiterate that there
are many questions that simply cannot be
answered in this column—nor through the
usual channels—for a variety of reasons.
For example, sometimes the reader has not
presented his problem with enough facts so
that it can be understood. On other occa-
sions, the questions flow so thick and fast
that even the most superficial response
would call for a three- or four-page personal
letter.

Questions sent to Information Central
should be brief, but complete. When you ask
a question, please put it on a postcard (if-at
all possible) and be as concise as you can.
This will save time here and may well ex-
pedite your answer.

Tone Reed Relay. What is a tone reed
relay and how does it work?

A tone reed relay is usually referred to as
a resonant relay and is constructed on the
“tuning fork” principle. When a specific
audio frequency is electrically applied to
the armature coil of a reed relay, that tone
causes the reed to vibrate. The vibration
may actuate a number of devices including
those used for CB selective calling, control
of model aircraft, and many other purposes.
Reed relays are sold in a variety of dif-
ferent resonant frequencies.

R/C Transmitter. Is there any law that
says I can’t use a modified hand-held Class-D
CB transceiver for model aircraft radio con-
trol?

No. just make sure that you are on the
proper channel and have the appropriate
Class C license.

66

Mercury Vapor Tubes. What is the pur-
pose of a mercury-filled tube?

Mercury tubes are really not filled up to
the brim with mercury. but simply have a
small amount that may be vaporized, or
technically speaking, ionized. Mercury va-
por tubes are generally used in rectifier or

control circuit applications. The mercury
vapor permits enormously greater current
handling capacity. Most of these tubes are
now being replaced by silicon solid-state
rectifiers. The solid-state rectifiers are more
efficient and eliminate the need for a fila-
ment transformer and various hash sup-
pression components.

Coax Cable Choice. I see different grades
of coaxial cable being advertised and have
been wondering which one 1 should buy. I
plan to use coax to feed my new 3-element,
3-band beam antenna.

Any of the top-grade “regular” coax cables
will work with your new antenna. Of course,
the cable impedance must match the an-
tenna; since most beams are designed with a
50-ohm impedance, this should not be a
problem. Practically all hams prefer RG-
8/U cable. CB’ers, because of their lower
power output, can safely use RG-58/U ca-
ble. I would suggest that you steer clear of
some of the war surplus coaxial cable—make
sure that your cable is ‘“fresh” and not
something that has been stored in a ware-
house for the last ten years.

Hi-fi Jammer. [ live in an apartment
house and my next-door neighbor plays his
stereo hi-fi full-blast from early in the morn-
ing till late at night. We have courteously
told him that it is annoying, but he con-
tinues right on with his ear-pounding music.
Isn't there some way in which I can elec-
tronically jam his hi-fi set?

Even with the paper-thin walls in the
modern apartment houses, you and your
family are entitled to a quiet and unmo-
lested existence. The situation sounds like a
police matter; we do not recommend your
becoming involved in the operation of an
electronic FM broadcast jammer.

CB TVI. Since installing my new CB base
station, my next-door neighbors have com-
plained about television interference. I didn’t

POPULAR ELECTRONICS
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think that a CB rig was powerful enough to
create TVI.

The power of your CB rig is not the ques-
tion—it’s whether or not the transceiver has
a built-in second harmonic filter. It sounds
as though your rig doesn’t, and I would sug-
gest your adding a low-pass filter. Various
electronics companies sell such filters and
you might try one similar to the Lafayette
+42 C 0123. This filter should clear up all of
your TVI—unless one of your neighbors has
an antique black-and-white TV receiver.

Dynamite Blasting Caps and R.F. I un-
derstand that it is possible for my CB rig
to cause an electric blasting cap to explode.
Is this really true?

Yes, you'd better believe it! The problem
occurs because of the length of the wire
leads to the blasting cap. These leads could
have the same resonant wavelength as your
CB signal and would therefore pick up
enough r.f. to explode the cap. When you
see the sign “No Transmitting—Blasting in
This Area,” turn off your CB transmitter.

Inoperative Tweeter. I hooked up a new
tweeter to my hi-fi speaker system and it
cut out most of the sound. The tweeter has
its own L-pad. W hat could be wrong?

Either you have a short in the wiring, or
you have left out the high frequency bypass
capacitor. Re-read your wiring instructions
and see if they don’t recommend your in-
serting a bypass capacitor.

Transistor Substitution Guide. Isn't there
a complete cross-reference of transistors so
that European, American, and Japanese tran-
sistors can be identified?

There are several transistor substitution
guides being published. Many technicians use
the Howard Sams “Transistor Substitution
Guide,” but the handiest book I've seen is
published in Holland. It is called “Transis-
toren’” and will quickly tell you the American
equivalent for such rarities as the SFT213
or HJ71. It sells for $2.00 a copy and is avail-
able from Gilfer Associates, Inc., Box 239,
Park Ridge, N.]J.

Horizontal Oscillator Interference. I am
an SWL with what I consider to be reason-
ably good equipment. I have one major
difficulty, which is that I pick up a sort of
buzzing sound about every 15 kHz right
through the broadcast band and up to about
3 MHz. What is all of this noise anyway?

No doubt the signals you hear are radi-
ated from the horizontal oscillator (15.75
kHz) of a nearby TV receiver. Getting rid
of this kind of interference is sometimes a
difficult problem. In the worst case, it will
be necessary to shield the offending TV re-
ceiver with a piece of copper window screen.

November, 1967

On occasion, you can simply shield the open
bottom of the TV receiver—making sure
that the copper screen is well grounded to
the chassis. In very stubborn cases, the cop-
per screen must be extended along the sides,
top, and back of the receiver. In a few in-
stances, interference is coming along the
a.c. power line and you can bypass the
noise to ground through a pair of 0.005-pF
ceramic disc capacitors in series across the
a.c. line (center-tap grounded to the re-
ceiver chassis).

Over-Voltage Warning. I need a device
that will sound off when a certain d.c. volt-
age is exceeded. Do you have any sugges-
tions?

Yes, try working up a simple circuit using
Mallory's Sonalert® and a zener diode. In
the diagram below, note that the zener diode

#* SEE TEXT
prohibits current flow until its rated voltage
is exceeded. The Sonalert will sound off at
any voltage from 6 to 28 volts d.c. and
draws just a few milliamperes of current.

o+

FERENCE
LTAGE

<
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A.L.C.—Yes or No? How does the usual
automatic limiting control (a.l.c.) work in
an SSB transceiver? Is it worthwhile having?

The a.ld.c. prevents flat-topping or over-
driving of a linear final r.f. amplifier on
peak signals, thus reducing or preventing
splatter. Generally speaking, the circuit is
simple and works like this: a small amount
of r.f. is taken from the final r.f. stage by a
diode circuit which applies this negative
voltage to an intermediate driving stage
grid, thus lowering the drive to that stage
below the flat-topping limit. I would never
own an SSB transceiver without an a.l.c.,
especially if a high-power linear amplifier
is tied to it.

FM Tuner Distortion. I have an old FM
tuner that worked fine with my original
hi-fi setup; but when I connected the tuner
to my new stereo amplifier, the distortion
was abominable. What could be wrong? I
plugged the tuner into the jack marked
“Tuner Input.”

One of two possible things could cause
this excessive distortion. First, the output
voltage from the tuner may be too high for
the input of your new stereo amplifier. Check
to see if this is true by reading the manu-
facturer’s specifications for these two items.
If necessary, insert some sort of resistance
pad loading to cut down the tuner output.
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Also, it is possible that the original ampli-
fier and the new stereo amplifier do not
have the same input impedance. Check out
this possibility—although it is unlikely.

A.F. Signal Tracer. I need a simple tran-
sistorized audio frequency signal tracer that
will operate around 900 Hz. Can you help
me?

There has been a variety of tracer circuits
published in the popular press, but the one
I like and use is shown below. If oscillation

2N797
2Ni24
SK3004
GE2

SLIDE

SWITCH i
"%'SXR AT
] ? : ] MERCURY BATT.

GMD

is not present when you build this circuit,
simply reverse the secondary wiring con-
nections of the transformer so that they are
properly phased. This circuit is small enough
to be mounted in a 35-mm. film can. The
probe can be a single banana plug.

Collins 75A4 Improvement. I understand
that my old Collins 75A4 receiver can be
improved by changing the second mixer tube
(6BA7) to a 6U8A. Where can I obtain the
necessary information to make this change?

Details for making this change appeared
in CQ Magazine, June, 1960, page 81. Re-
prints of the article are available from the
publisher of CQ Magazine for $1.00.

Replacing Electrodynamic Speakers. How
do I go about replacing the old electrody-
namic speaker in my 1930 radio receiver
with a modern-day permanent magnet
speaker?

Years ago, speaker magnets were so weak
and efficiency so low that the magnets were
excited by a field coil which really doubled
in brass as a choke in the power supply.
Most field coils can be replaced by substi-
tuting an 8-H coil with a current rating of
at least 200 mA. Then, connect the permanent
magnet voice coil to the output transformer.
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Sometimes you must make sure that the
new voice coil has the same impedance as
the output transformer. If it doesn’t, a sub-
stitute transformer is required at this point.

Using Surplus Transistors. I am a sucker
for surplus electronic bargains and recently
bought a pound of different transistors for
only $1.00. How do I go about using them?
Many of the transistors are unmarked and
I can’t even tell the pnp from the npn tran-
sistors, let alone decide whether any of them
are silicon or germanium.

Your Information Central department re-
ceives this question or its equivalent about
three dozen times each month. As far as we
are concerned, many of these unmarked tran-
sistors are not bargains. You need some sort
of transistor tester to at least establish
whether they are pnp or npn and to give you
some idea of the possible gain characteristics.
The Editors of PoruLAR ELECTRONICS plan
on publishing (in an early issue) a device
that will enable you to determine the value
of the various resistors to be used with an
unknown transistor.

National 200 Improvement? I have a Na-
tional 200 transceiver and it seems to work
fine, but now I would like to add a speech
clipper to it. Do you have any ideas on
this subject?

Yes, I would suggest leaving well enough
alone! The National 200 gives you maxi-
mum talk power and has alc. Adding a
speech clipper—a precarious procedure if im-
pedances are not properly matched—could
alter the speech transmission characteristics
of this transceiver. All field reports concern-
ing the National 200 that I have heard indi-
cate that the speech is excellent.

Easy Diode Check. I can buy a large num-
ber of silicon diodes of all kinds at a very
low price. I can also pick and choose, but
I don’'t have a diode checker. Is there some
other method I can use in its place to check
out these diodes?

Yes, simply use your VOM on its high
ohms scale. When the test prods of the
ohmmeter are placed on a good diode, the
meter will indicate a low value in one di-
rection; reversing the leads will show a very
high resistance reading in the other direc-
tion. If a diode is shorted, a low-resistance
indication will be obtained in both direc-
tions. An open diode would be indicated by
no reading in either direction.

Questions for Information Central should
be directed to PoruLaR ELECTRONICS, One
Park Avenue, New York City, New York
10016. Every possible effort is being made
to answer urgent reader inquiries within
three to four weeks. —30
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“‘Check your tape head?"’
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Color Code Qui:z

By ROBERT P. BALIN

BLUE
F ORANGE
GREEN
‘7 r §SILVER

YELLOW
G BLUE
GRAY
BLACK %m
GREEN
H RED
VIOLET BROWN
ORANGE GREEN

70

Axial Lead Resistor

Value

Tolerance

Molded Tubular Paper Capacitor

Value Tolerance
Voltage °
Molded Flat Mica Capacitor
Value Tolerance
Code Class

Temperature-Compensated Tubular

Ceramic Capacitor
Value
Temp. Coef.

- * L

Tolerance

Color-coded bands and dots are
commonly used to provide im-
portant rating data on resistors,
capacitors, and inductors. It
is necessary, therefore, that
an electronic technician either
memorize the color code and
the numerical value of each
band and dot, or have ready
access to this information on
charts. To test your ability to
read color codes, pretend that
you have found the components
(A-K) shown at left in your spare
parts box and want to identify
them. Consult your charts and
any other information that you
may have available.

(Answers appear on page 110)

E  Mylar/Polyester
Film Capacitor

Value
F Radial Lead Resistor

Value ___

Tolerance
G Standoff Ceramic Capacitor

Value SR
Tolerance —
Temp. Coef.

H Ceramic Disc Capacitor
Value _ _
Tolerance

Temp. Coef. ) _

J  Molded Choke Coil
Value

Tolerance
Code

K Button Silver Mica Capacitor
Value
Tolerance
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|€L’%§?ﬁi@ POWEHR SUPPLY

®

CURBENT

BY DON LANCASTER

I_OOKING FOR a professional-quality

low-voltage power supply? Here's
one that puts out 0-10 volts at half an
ampere or less, is fully regulated, and
automatically protects both itself and
your circuits from any possible damage.
An adjustable current limiter sets the
absolute maximum current that can pos-
sibly be delivered to the circuits—no high
damaging currents are possible should
an accidental short circuit or polarity re-
versal occur. The power supply can even
run short-circuited overnight with no
harm!

This power supply circuit (Fig. 1) is
ideal for IC experiments, where you can
easily set the 3.6 or 4.5 volts at the high-
current levels you will need in multiple
circuits. You'll also find it handy as a
battery eliminator for transistor radio
servicing, and a general replacement for
“D” cells or similar batteries in bench
experiments, and anywhere else you're
working with transistor or IC circuitry.

The performance specs are very im-
pressive: less than 1 millivolt of r.m.s.
output ripple; regulation better than 300
millivolts, no load to full load. There are
dual meters, one for voltage and one for
current, with no confusion over what
scale you are reading. Two controls are
provided—one for adjusting voltage, the
other to set the short-circuit current

November, 1967

Experimenter’s
 “Professional”
Power

Supply

® ADJUSTABLE 0-10 VOLTS
® ADJUSTABLE 0-500 mA
® SHORT-CIRCUIT-PROOF
® ALL FOR ABOUT $20

limit. And the split output terminal de-
sign gives you either a positive or nega-
tive case ground. All this in a three-
pound 3” x 4” x 5” package you can
easily put together in several evenings
for $15 to $30, depending upon how
fancy you care to get.

Construction. The power supply will
just fit in a 3” x 4” x 5” metal box. Holes
for the meters are cut with a nibbling
tool. Color-coded five-way binding posts
are used at the output, red for +, yellow
for —, and black for the case. If you use
exactly 34” mounting centers between
the binding posts, you can use a standard
double banana plug connector to your
experimental projects. Line switch S1
mounts on the rear of voltage-adjust po-
tentiometer R6.

Although not essential, a small printed
circuit board greatly simplifies the wiring
and makes all the small parts easy to
mount. The board should be laid out and
drilled as shown in Fig. 2. Component
layout and interconnections are shown
in Fig. 3. Be very careful of all circuit
and component polarities. The PC board
mounts on the chassis spacers with four
=6 screws.

To bleed the heat from @3. use a Wake-
field NC623K heat sink drilled to suit the
2N3766 unit specified, and an insulated
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PRINTED CIRCUIT BOARD

L T

+12VDC

[4 N +
YEL RED
H Rl
) aon
Ne sl B oI
-~ | MDAS20—1
Il Cl |
2] as00sF |
YEL gLk
1] N = A 02
lirvac  BLK GRN l iNa742
® ]
i The short- o1
Flg‘ L 2N16i3

circuit proof fea-
ture makes this

low-cost power : az3
supply the equal of 06203
many, far more
expensive, com-

R3

mercial supplies. 10.00. 3
CURRENT ADJUST

Q2
2NIBI3

! 2re
1K .
VOLYAGE ADJUST
1
|
!

8Pt
+

+ RED
3’ ap2

e
v BLK

BP3

PARTS LIST

Bri1, Br2, BP3—>5-way binding post, one red,
one black, onc yellow

C1—4000-yF. 15-volt computer-grade clectro-

Iytic  capacitor (Sprague 462G0I15A4, or
stmilar)
2= 200-ukF, 15-volt elcctrolytic capacitor

C3—0.1-ul', 50-volt miniaturc disc ccramic ca-
pacitor

Cd—10-uF, 15-volt clectrolytic capacitor

D1—1.5-ampere, 50-volt, full-wave bridge rec-
tifier (Motorola MDA930-1, or similar)

1)2—12-volt, 1-watt zcner diede (Motorola
IN4742, or similar)

F1—0.5-ampere fuse with holder

HS1—-3" « 3 7/167 flat-finned heat sink {(made
from Wakejficld NC623K—sce text)

11—-28-volt, miniaturc pilot light assembly

MI1—0-10 d.c. voltmeter, edgewise-type ( Emico
Model 13, or similar)

M2—0-500 d.c. milliammeter,
( Emico Model 13 or similar)

PC1—114" x 37 printed circuit board

QO1, Q2—2N 1613 transistor

(3—2N3766 transistor with maunting kit for
TO-66 case

edgewise-type

mounting kit. (As this heat sink is a
$1.50 item, you might prefer to build
your own with 14” aluminum or some
other low-priced material.) Use silicone
grease on @3, and check to be certain the
transistor is insulated from the heat sink
proper. The heat sink mounts on the
rear of the case with pop rivets or #6
hardware.
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R 1—180-0hm, YVi-watt carbon resistor
R2—0.62-0hm, 1-watt carbon resistor
R3—10-0hm, 5-watt miniature wire-wound po-
tentiometer ( Mallory VW-10, or similar)
RA—A47-0hm, Ys-watl carbon rcsistor
R5—1000-0hm, YVs-watt carbon resistor

R6—1000-0hm, Vi-watt potentiomcter (with
s.p.s.t. switch S1)

N1—--S.p.s.t. switch (on R6)

T1—12.6-volt, 2-ampcre filament transformer

(Allied Radio 54 D 1420 or similar)

1--3" x 4" x 57 enclosurc (Bud CU-2105-4, or
similar)

1—Hard anodized-aluminum dialplate, available
from Reill's Photo Finishing, 4627 N. 11th St.,
Phoenix, Arizona 85014; m silver color for
$2.75, red or copper for $3.25, postpaid in
USA; stock ZPST-1 (optional)

Misc—Insulated mounting kit and 36 hardware
for Q3, line cord and strain rclief, 34" knobs
(2), mounting clip for C1, ground strap for
BP2, 210 nylon cup washers (4), TO-5 tran-
sistor pads (2), printed circuit terminals (9),
solderless terminals (9), wire nut, #6 hard-
wdre, wire, solder, etc.

Assembly. The various elements are
assembled in the case in accordance with
the layout selected. Figure 4 shows the
author’s unit before wiring. The printed
board is mounted at the top, directly
above the two meters, and the fuse hold-
er is at the rear. The two potentiometers
and three binding posts are also visible.
The transformer (71) and filter capaci-
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de00s 0000
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\NO.GO DRILL (24}

l,_

Fig. 2. Foil side
of full-size PC
board (right) is
drilled as
shown above
and compo-
nents mounted as
shown in Fig. 3.

+QUTPUT +Mi
EMITTER Q3

o————— BASE Q3
e———= WIPER R6
e=———mx Cl+, II; M2 +

; II;R2 TOP
=] EI ===—— TI| SECONDARY
* O3 === T| SECONDARY
373

.g e=————0—m— R6 TOP
. -0ouT
{RTp = OUTPUT; R3,

@ @ R6, MI—

-

[——— N oj Y

IO

Fig. 3. Parts arrangement on component side of
the printed board. Observe polarity of the capacitors.
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HOW IT WORKS

The power supply circuit uses full-wave, ca-
pacitor-fltered, 106-volt, unregulated d.c. gen-
ecrated by 12.6-volt, Z-ampere filament trans-
lormer 71, rectifier bridge module DI, and filter
capacitor ("1, Transistors ()2 and ()3, and 12-volt
zener diode D2 make up a veltage regulator.
Together (07 and (2 have a gain of around
10,000, cfiectively ~amplifyving” the filtering ef-
fect of capacitor (2. Voltage-adjust potentiome-
ter Ro across D2 permits setting the output volt-
age smoothly from zero to 10 volts. A heat sink
is required for (03 as it will dissipate about 16
wittts in the short-circuit mode.

A silicon transistor needs 0.6 volt between base
and emitter betore it will conduct current. To
uet short-circuit protection. a 0.62-ohm current
sensing resistor (R2) i placed in series with the
output, and transistor (07 is connected across this
resistor. As long as the current is less than 1
ampere, the voltave drop across R2 is less than
0.6 volt, and Q7 stays ef. If too much current
Hows, O immediately turns on. and robs the
zener diode of itz supply voltage: the output volt-
age. drops immuediately, thus preventing any
fault currents, .\ wire-wound control potentinme-
ter (R3) connected in series with the 0.62-ohm
resistor permits ~etting the maximum short-cir-
cuit current 1o he delivered to a load.

tor CI are mounted on the rear wall of
the case. Long leads are used to inter-
connect these two components, and to
wire §3 to the PC board.

Wiring should present no major prob-
lems. Use =18 wire on the high-current
portions of the instrument—Dbetween the
collector of @3 and meter M2, from M2
to terminal F of the PC board, from the
emitter of @3 to the red (+ ) binding
post, and between the yellow () bind-
ing post and R3, B3 to R2 (R3 can be
soldered directly to R2), and R2 to ter-

(Continued on page 105)

Si

Fig. 4. Author's unit before wiring. Capacitor C1,
transformer T1, and transistor Q1 are on rear cover.
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FOREIGN-LANGUAGE BROADCASTS TO NORTH AMERICA

Prepared by ROBERT LEGGE

LANGUAGE STATION TIME—EST TIME—-GMT FREQUENCIES (MHz)
ARABIC Beirut, Lebanon 9-9:30 p.m. 0200-0230 11.785
Cairo, UAR. 6:30-7:30 p.m. 2330-0030 9475
BULGARIAN Sofia, Bulgaria 8-8:30 p.m. 0100-0130 9.70
CHINESE Peking, China 8-10 p.m. 0100-0300 12.01, 15.095, 17.795
10-12 p.m. 0300-0500 9.48, 12.01, 15.08
CZECH/SLOVAK Prague, Czechoslovakia 8:30-9 a.m. (Sun.)  1330-1400 15.448, 17.705, 21.45
DANISH Copenhagen, Denmark 7-7:45 a.m. 1200-1245 15.165
8-8:45 p.m. 0100-0145 9.52
DUTCH Brussels, Belgium 6:15-8 p.m. 2315-0100 9.615
Hilversum, Holland 9:30-10:50 p.m. 0230-0350 9.59
FINNISH Helsinki, Finland 7:15-10:10 a.m. 1215-1510 15.185
FRENCH Brussels, Belgium 6:15-8 p.m. 2315-0100 9.615
Lisbon, Portugal 9:15-10 p.m. 0215-0300 5.985
Paris, France 7-7:30 p.m. 0000-0030 9.755, 11.845
Rome, ltaly 8:20-8:35 p.m. 0120-0135 9.63, 11.81
Vatican City 8:10-8:25 p.m. 0110-0125 7.27,9.69, 11.76
GERMAN Berlin, Germany 8:30-9:30 p.m. 0130-0230 6.16, 9.73
Cologne, Germany 7-10 p.m. 0000-0300 6.10, 9.545, 11.795
10 p.m.-1 am. 0300-0600 6.10, 9.64, 11.795
Vienna, Austria 7-11 p.m. 0000-0400 9.77
HUNGARIAN Budapest, Hungary 7-7:30 p.m. 0000-0030 6.235, 9.833, 11.91
9-10 p.m. 0200-0300 6.235, 9.833, 11.91
ITALIAN Rome, ltaly 5:30-8 p.m. 2230-0100 9.63, 11.81
JAPANESE Tokyo, Japan 7:15-7:30 a.m. 1215-1230 9.505
8:30:9 p.m. 0130-0200 15.135, 15.235, 17.825
LITHUANIAN Vilnius, U.S.S.R. 5:30-6:30 p.m. 2230-2330 7.29, 9.665
NORWEGIAN Oslo, Norway 10-11:30 a.m. 1500-1630 17.825
6-7:30 p.m. 2300-0030 9.61
PORTUGUESE Lisbon, Portugal 7-9 p.m. 0000-0200 6.025, 6.185, 9.68
9:45-11 p.m. 0245-0400 6.025, 6.185, 9.68
RUMANIAN Bucharest, Rumania 6:15-7 p.m. 2315-0000 6.15, 9.57, 11.94
10:30-11 p.m. 0330-0400 6.15,9.57,11.94
RUSSIAN Moscow, U.S.S.R. 7 am.-1 p.m. 1200-1800 15.15, 17.78
6:30-7 p.m. 2330-0000 7.15, 9.685
8:30-9 p.m. 0130-0200 7.15, 9.685
SPANISH Buenos Aires, Argentina 89 p.m. 0100-0200 9.69
11-12 p.m. 0400-0500 9.69
Havana, Cuba 6 a.m.-4 p.m. 1100-2100 6.135, 15.30
5-11 p.m. 2200-0400 6.135, 11.93
Quito, Ecuador 6-9 a.m. 1100-1400 9.745, 11.915, 15.115
7:30-9 p.m. 0030-0200 9.745, 11.915, 15.115
SWEDISH Stockholm, Sweden 8-8:30 p.m. 0100-0130 5.99
11-11:30 p.m. 0400-0430 5.99
UKRAINIAN Kiev, US.S.R. 6:30-7 p.m. 2330-0000 7.29, 9.665, 9.685
7:30-8 p.m. 0030-0100 7.29, 9.685
74 POPULAR ELECTRONICS
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TUNING THE MEDIUM WAVES

NOTHER DX season is under way, and
many DX'ers will be concentrating on
the medium-wave band (540-1600 kHz).
The absence of summer static and the addi-
tional hours of darkness will enable many
listeners to tune in overseas stations that
were not heard during the warmer months.
Also, broadcast-band-only receiver users
will have a chance to log stations compa-
rable, in some cases, to DX heard by short-
wave listeners.

The AM broadcast-band listener should
keep in mind that all broadcast stations in
the U.S. and Canada operate on frequency
separations of 10 kHz, starting at 520 kHz.
Stations in Europe and other areas of the
world operate with a 9-kHz separation.
Thus, with luck, you may hear stations on

such odd frequencies as 566 kHz (Ireland),

647 kHz (England), 1043 kHz (East Ger-
many), 1223 kHz (Sweden) or 1502 kHz
(Poland). You won't find it easy to tune in
these split-channel stations, however, unless
you have a fairly selective receiver.

Stations in Central and South America
will probably be coming through at times as
well. Most of these stations operate on the
same frequencies as the standard U.S. and
Canadian stations although a few do oper-
ate on split channels. One of the easiest to
log is Radio Belize, British Honduras, on
834 kHz. Radio Nederland's powerful Bon-

November, 1967

aire relay station on 800 kHz has been heard
to within 35 miles of CKLW, Windsor, On-
tario, Canada, which operates on the same
frequency. Station HCJB, Quito, Ecuador,
has been logged only 200 miles away from
Cincinnati's WLW, with its 50,000-watt
voice. on 700 kHz.

If you want to do some serious medium-
wave DX'ing, tune for stations in countries
south of the U.S.A. during the evening hours.
The Europeans can often be heard in the
late afternoon to early evening and again
two or three hours before your local sun-
rise. DX'ers trying for stations in the Pa-
cific and Far East areas should listen from
about two hours before to two hours after
local sunrise.

From Sunday evening to Monday morn-

Housed in this modern
building are the offices
and studios of Radio Ned-
erland, Hilversum, Hol-
land. White star (left) pin-
points studio from which
Eddie Startz conducts his
well-known ‘‘Happy Sta-
tion Program' on Sundays.

ing, local time, is generally considered best
for DX'ing overseas BCB stations. Many of
the North American stations are off the air
then for servicing of their equipment, which
can make a vast difference when you are
trying to tune in a station operating on a
split frequency between North American
channels that are normally occupied by 24-
hour-a-day broadcasters.

NASWA. The North American Shortwave
Association (NASWA) recently celebrated
its first anniversary as a strictly short-wave

(Continued on page 113)
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ENGLISH-LANGUAGE BROADCASTS TO NORTH AMERICA

FOR THE MONTH OF NOVEMBER

Prepared by BILL LEGGE

TO EASTERN AND CENTRAL NORTH AMERICA

TIME—PST TIME—GMT STATION AND LOCATION FREQUENCIES (MH2)

7:15 a.m. 1215 Melbourne, Australia 9.58, 11.71
Montrea!, Canada 5.97, 11.72

7:30 a.m. 1230 Stockhoim, Sweden 15.24

7:45 a.m. 1245 Copenhagen, Denmark 15.165

6 p.m. 2300 London, Engtand 6.11, 9.58, 11.78
Moscow, U.S.S.R. 7.15, 9.685

6:45 p.m. 2345 Tokyo, Japan 15.135, 17.825

7 p.m. 0000 Peking, China 15.06, 17.68
Sofia, Buigaria 9.70
Tirana, Albania 7.263

7:30 p.m. 0030 Budapest, Hungary 6.235, 9.833, 11.91
Johannesburg, South Africa 9.705, 11.97
Kiev, U.S.S.R. (Mon., Thurs., Sat.) 7.29, 9.685
Stockholm, Sweden 5.99

7:50 p.m. 0050 Vatican City 6.145, 7.27, 9.69

8 p.m. 0100 Berlin, Germany 6.16, 9.73
Havana, Cuba 6.17
Madrid, Spain 6.13, 9.76
Prague, Czechoslovakia 5.93, 7.115, 7.345
Rome, ltaly 9.63, 11.81

8:30 p.m. 0130 Berne, Switzeriand 6.12, 9.535, 11.715
Bucharest, Rumania 9.57,11.94
Cairo, U.A.R. 9.475
Cologne, Germany 9.64, 11.945
Hilversum, Holland 9.59 (Bonaire relay)

8:45 p.m. 0145 Copenhagen, Denmark 9.52

9 p.m. 0200 Lisbon, Portugal 6.025, 6.185, 9.68
Helsinki, Finland 9.585

London, Engiand
Moscow, U.S.S.R.

6.11, 7.13, 9.58
7.15, 7.205, 9.685

TO WESTERN NORTH AMERICA

TIME—PST TIME—GMT STATION AND LOCATION FREQUENCIES (MH2)
7 a.m. 1500 Tokyo, Japan 9.505
6 p.m. 0200 Metbourne, Australia 15.32,17.84
Taipei, China 15.125, 17.72, 17.89
Tokyo, Japan 15.135, 15.235, 17.825
6:30 p.m. 0230 Johannesburg, South Africa 9.705, 11.97
7 p.m. 0300 Madrid, Spain 6.13, 9.76
Peking, China 9.457, 11.82, 15.095
7:20 p.m. 0320 Yerevan, U.S.S.R. 11.755, 11.85
(Tues., Wed., Fri., Sat.)
7:30 p.m. 0330 Prague, Czechoslovakia 5.93, 7.115, 7.345
Stockhoim, Sweden 11.705
7:45 p.m. 0345 Berlin, Germany 6.16, 9.56
8 p.m. 0400 Lisbon, Portugal 6.025, 6.185, 9.68
Moscow, U.S.S.R. (via Khabarovsk) 11.755, 11.85, 15.14
Peking, China 9.457, 11.82, 15.095
8:30 p.m. 0430 Bucharest, Rumania 9.57, 11.94
Budapest, Hungary 6.235,9.833,11.91
8:45 p.m. 0445 Cologne, Germany 9.735, 11.945
9:15 p.m. 0515 Berne, Switzeriand 6.12, 9.695
10:30 p-m. 0630 Havana, Cuba 9.655
76 POPULAR ELECTRONICS
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RADITIONALLY, November offers two

of amateur radio’s major annual con-
tests and a number of smaller ones. The big
ones are the ARRL Sections Sweepstakes
and the CQ World-Wide DX Contest. Here
are the highlights.

ARRL Sections Sweepstakes. The 34th
American Radio Relay League *‘SS” Contest
will be held between 2100 GMT, Saturday,
and 0300 GMT, Monday, November 11-13
(phone) and November 18-20 (CW). You
use any of the authorized amateur frequen-
cies to work and exchange ‘“message pre-
ambles” with as many stations as you can
in the United States and Canada. Each pre-

UPCOMING CONTESTS

amble should contain the following infor-
mation: contact number, station call-sign,
signal report, ARRL section, GMT, opera-
tor’s birthday (not the year of birth).

You earn a point for each preamble sent
or received—a maximum of two points per
station—and your final score is the sum of
contact points multiplied by the number of
sections worked, multiplied again by your
power handicap. If your transmitter power
is 150 watts or less, your power multiplier
is 1.25 on CW and 1.5 on phone; for higher
power, the multiplier is 1. Operating skill is
more important than power in the “S8”; so
most high scorers operate in the low-power
bracket.

35
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A

AMATEUR STATION OF THE MONTH

-

Milt Long, WASLDR, of Wooster, Ohio, works 6 and 2 meters with Gonset transceivers and a Finco A62GMC
beam antenna. For low-frequency MARS work, he uses a Johnson "‘Ranger-11" transmitter, a Hammarlund
HQ-180A receiver, and a Hy-Gain 18-AVQ vertical antenna. Milt's main interest is Public Service. He is in Civil
Defense, is President of the local Lions Club and Director of Communications for the Wayne County American
Red Cross, and is a Major in the Army Reserve. WASLDR will receive a one-year subscription for submitting
the winner for November in our Amateur Station of the Month Photo Contest. To enter the contest, send a
clear picture of your station with you at the controls and some details on the equipment you use and your
ham career to Amateur Radio Photo Contest, ¢ /o Herb S. Brier, Amateur Radio Editor, Box 678, Gary, Ind. 46401.

November, 1967
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High scorers in each section receive cer-
tificates of achievement; there are separate
certificates for Novice winners. Write to the
American Radio Relay League, Inc., 225
Main St., Newington, Conn. 06111, for
Sweepstakes rules, ARRL section list, log
sheets, and information on how to earn a
1000-point bonus.

CQ World-Wide DX Contest. The CW
section of the CQ World-Wide DX Contest
will be held between 0000 GMT, Saturday
(Friday evening in the U.S.), November 25,
and 2400 GMT, Sunday, November 26. You
use any authorized amateur band to work
as many DX stations as possible (each sta-
tion may be worked once per band), ex-
changing signal reports and DX zone num-
bers with each station.

You can find your zone number in the
Radio Amateur Call Book; or, better yet,
write for a contest kit, which includes com-
plete contest rules, a useful DX zone map,
and official log sheets. Enclose a large, pre-
addressed envelope with postage for two
ounces with your request and send it to:

Bruce McNair, WB2NYK, Fords, N.J., works 80 to
10 meters CW and AM with a Knight-Kit T-150 trans-
mitter. His favorite DX ing is done on 10-meter AM.
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Dave Aldridge, WA9MQI, In-
dianapolis, Ind., likes to
chase DX on CW and has
68 countries and a 30-wpm
code certificate. He also
works phone on all bands
between 3.5 and 54 MHz.

CQ World-Wide DX Contest, 14 Vander-
venter Ave., Port Washington, L.I., N.Y.
11050.

If time permits, you might want to take a
whirl at the phone section of the contest,
October 21-22. The same rules apply.

Other Contests. On October 28-29, the
Radio Society of Great Britain's 7-MHz
Phone Contest will take place. Listen for the
G'’s, GM'’s, etc., between 7.04 and 7.1 MHz

Pete Lipman, WN2YYL, De witt, N.Y., says that all
pictures of amateur stations look the same. Not
his! Besides big feet, his shack features a Johnson
“‘Adventurer’’ transmitter and a Hammerlund HQ-
140X receiver. His record to date: 21 states worked.

and call them in the U.S. phone band. The
CW half of the RSGB 7-MHz Contest is
November 11-12; you will find most CW
G's, etc., between 7.0 and 7.04 MHz.

Also from 0000 to 2400 GMT, November
12, is the Czechoslovakia International DX
Contest (CW only). You work all countries
except your own and send a signal report to

(Continued on page 111)
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A MAJOR BREAKTHROUGH in semi-
conductor technology has once again

proven that old adage . . . if at first you
don’t succeed, try, try again! Some time ago,
theoretical studies predicted that a field-
effect transistor (FET) using gallium arse-
nide (GaAs) alloy as its substrate should
be superior to silicon-based units. But the
mathematical analysis didn’t show how to
make such a device. For more than a dec-
ade scientists and engineers tried to produce
practical GaAs transistors but, until a few
months ago, they had little success.

With an eye towards possible military
applications, the U.S. Air Force contracted
with RCA’'s Princeton Research Labora-
tories to develop an operable and reproduc-
ible GaAs FET. As is common in such con-
tracts, a definite “cut-off” date was included
in the terms. Periodic reviews of the prog-
ress indicated that there wasn't any, despite
concentrated efforts on the part of the re-
search facility's top engineers. The Air Force
finally allowed the contract to lapse.

But RCA’s scientists kept working on the
problem and—just a few months after the
Air Force contract expired—realized that
oxygen contamination of the substrate ma-
terial might be a source of trouble. They hit
upon the idea of using silicon nitride (SiN)
rather than the more common silicon diox-
ide (Si02) as an insulating layer when fab-
ricating the device. It worked!

The basic structure of the perfected GaAs
n-channel insulated-gate field-effect transis-

METALLIC CONTACTS

($i07)
SOURCE
(SiN)
] /
T Y —1 L ]
N+ \ N= N+ N
GaAs \ P
\ {Sn)
\CHANNEL

Fig. 1. The GaAs transistor—first of the new gen-
eration of FET's with much improved characteristics.
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tor is shown in Fig. 1. The base material is
p-type GaAs, with its thin top layer doped
by a modified vapor diffusion process to
have n-type characteristics. Insulating lay-
ers of silicon nitride (SiN) and, finally, a
sealing layer of silicon dioxide (SiO2) are
formed in a suitable pattern over the basic
device and metallic contacts are then applied.

From a performance viewpoint, the new
GaAs IGFET (insulated-gate FET) has a
considerably higher transconductance at ul-
tra-high frequencies than similar silicon de-
vices and, in addition, can maintain its
performance at much higher operating tem-
peratures. It probably will be a number of
months before GaAs transistors are avail-
able commercially, but with the basic
fabrication problems solved, you may be
able to obtain these superior devices before
the end of 1968.

Solid-State Circuit Breaker. One of the
big problems with fuses is that once they
“work,” they have to be physically replaced.
When a circuit breaker opens, it has to be
physically reset. Both of these factors can
present quite a problem in a spacecraft. To
circumvent this headache, NASA has now
produced a solid-state circuit breaker called
the *Thomas Fuse” which will temporarily
disconnect a circuit during overload. The
device is composed of a special epoxy resin
impregnated with particles of metal. At nor-
mal operating temperatures, the metal parti-
cles are in contact and the resistance of the
fuse is about 0.1 ochm. As the temperature in-
creases, the epoxy expands, thus separating
the metal particles and opening the circuit.
Open resistance is about one megohm.
When the fuse cools down, metallic contact
is again resumed and the fuse closes.

The fuse cannot be physically damaged
and it can be molded into any shape or size;
in fact, it is even possible to make the ac-
tual interconnecting wiring out of this ma-
terial. The operating temperature is a func-
tion of the epoxy-metal ratio.

Commercial applications appear almost
unlimited. For example, the fuse could be
molded into a screw and embedded in an
automobile engine block for use as a low-
cost thermostat. Or, it could be molded into
all manner of fire detectors.
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Reader's Circuits. Suitable for a variety
of applications in the home, shop and office,
or as a basis for a Science Fair project, the
simple control circuits illustrated in Fig. 2
were submitted by reader William Shaw
(19733 Denby, Detroit, Mich. 48240). One
control circuit uses an SCR, the other a pair
of transistors. They are inexpensive, non-
critical components, and the projects can be
assembled in a single evening.

Bill uses a low-voltage SCR—see Fig.
2(a)~to operate a relay which, in turn,
switches an external circuit. In operation.

NC
10
NO ALARM
B 82 L.-.cmcu:r
‘ 12 o sv| I I - [ |
+! A +117
I—rﬂ SENSOR SCR
UTI;l 6/ |c o/

St

(A}

5:'\-'- -‘:; NC
Lt

NO

Kl

Fig. 2. Two circuits by Bill Shaw: (A) rain detector
using low-voltage SCR; (B) two-transistor switch that
operates when photocell is illuminated by a light.

B1 serves as the gate bias source, and B2
as the anode power source. The sensor can
be any of a variety of devices, including a
microswitch, moisture sensor plate, reed
switch, thermostat, thermistor or variable
resistor, depending on the intended applica-
tion. The SCR is normally in a high-resis-
tance state and the relay is open. If the sen-
sor is actuated—as by a rain drop falling on
a moisture sensor plate, for example—gate
bias is applied to the SCR, and this device
switches to its low resistance (conducting)
state, operating the relay.

Once triggered, the SCR continues to con-
duct even if the initial signal is removed.
The relay remains closed, then, until the
SCR’s anode current is interrupted momen-
tarily by opening the main power switch,
S1, thus providing a “latch-type” operation
requiring deliberate reset.

Bill employs an Olson RE-114 SCR in
his model and an ordinary 6-volt d.c.,
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s.p.d.t. relay. A GE X5 should be an ac-
ceptable substitute for the RE-114 and
either a P&B RS5D or a Calectro 3-566P
relay can be used.

In contrast to the SCR control, the tran-
sistor circuit shown in Fig. 2(b) operates
only when a signal is applied to its sensing
device. The design includes a photocell sen-
sor, PCI, a two-stage direct-coupled comple-
mentary amplifier, @/-Q2, a small relay,
and a power supply.

In operation, light striking the photo-
electric cell generates a small voltage which
is applied to QI’s base-emitter circuit. This
bias current causes a corresponding. but
amplified, increase in @I’s collector current
and, therefore, in @2’s base current. Tran-
sistor @2 provides additional amplification,
with its output current actuating the relay,
which serves as a collector load. Series vari-
able resistor R is the sensitivity control.

Again, conventional parts are used: PC!
is an International Rectifier B2M sun bat-
tery, Q! a general-purpose npn transistor
such as a 2N35, 2N170 or TR-09, while Q2
is a low-power pnp unit such as a 2N107,
2N109 or TR-05. Potentiometer RI is a
5000-ohm linear unit. The relay is a Lafay-
ette “Little Jewel,” and B! consists of two
penlight cells connected in series to supply
3 volts.

Neither wiring nor parts arrangement is
critical in either circuit. You can use chassis,
perforated board, or etched circuit assembly
methods, as preferred. A small metal box,
plastic case, or small cigar box can serve as
a cabinet. With either circuit, the relay con-
tacts switch on an external device, such as a
lamp, bell, buzzer, solenoid, fan, heating ele-
ment, or motor, depending on the specific
application.

As a general rule, the SCR control circuit
would be used where ‘“latch-on manual-
reset” operation is needed, as, for example,
in burglar, fire and rain alarms. The tran-
sistor control circuit, on the other hand, is
intended for such applications as a remote
control “commercial killer,” a doorway an-
nunciator, an automatic counter, a safety
control for power tools, or as an automatic
light switch. The only real limit on the ap-
plications of either circuit lies in the inge-
nuity of the user.

Manufacturer's Circuit. One of the cir-
cuits featured in the booklet included with
Motorola’'s HANDYLab®, the 1-kHz RC
audio oscillator shown in Fig. 3 can serve as
a source for signal injection tests of audio
equipment, as a CPO, as a modulation
source for r.f. signal generators, as an a.c.
test source for impedance bridges, as a tone
generator for electronic musical instruments,
or in virtually any application requiring a
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Fig. 3. Motorola suggests using this 1-kHz, twin-T
audio oscillator as a clean sine-wave source for
any application requiring a fixed-frequency signal.

fixed frequency audio signal. Among the
other circuits included in the booklet are a
UHF oscillator, an audio test oscillator, a
multivibrator, a limiter/discriminator, and
a complementary audio amplifier.

Incidentally, the HANDYLab itself is an
exceptional “buy” for the serious experi-
menter and hobbyist. Although originally
introduced as an item for industrial engi-
neers, the HANDYLab is now available to
anyone through all franchised Motorola dis-
tributors. It includes 25 each of 12 different
general-purpose plastic transistors (both
pnp and npn types) and dual diodes—300
devices in all—yet sells for only $49.50, in-
cluding a 6-drawer, 315” x 934" plastic cabi-
net and the circuit booklet. If you're quick
with a slip-stick, you’ll -find that this figures
out to only 1614 cents per device—NOT
manufacturer’s surplus, obsolete types, un-
marked units, or off-tolerance rejects!

As shown in the schematic diagram of the
audio oscillator, npn transistor Q/ is used
in the common-emitter configuration. Base
bias is established by voltage-divider RI-
R2 in conjunction with emitter resistor R4,
bypassed by C2, while R3 serves as the
collector load. The in-phase feedback need-
ed to start and maintain oscillation is fur-
nished through a Twin-T RC network, with
R6-C3-R7 forming one branch of the “T,”
and C4-R5-C5 forming the other branch,
and finally, CI acting as a coupling capaci-
tor. The circuit’s frequency of operation is
determined by the R and C values in the
Twin-T network. Operating power is fur-
nished by an 18- to 20-volt d.c. source, Bl,
controlled by s.p.s.t. switch SI.

Readily available components are used in
the design. Transistor QI is a 2N4124. All
resistors are half-watt types, although, for
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best results, R5, R6, and R7 should have
59, tolerance. Capacitors CI, C3, C4, and
C5 are paper or ceramic types, while C2 is a
25-volt electrolytic. The power source can be
either a line-operated d.c. power supply or a
pair of 9-volt batteries connected in series.

Neither layout nor lead dress is overly
critical and, therefore, any conventional con-
struction technique can be used in assem-
bling a duplicate circuit. However, if you
plan to use the circuit as a self-contained
oscillator, you may prefer perforated or
etched circuit board construction.

If desired, the circuit’s output frequency
can be changed by applying the following
approximate design formulas and chang-
ing the appropriate R and C values accord-
ingly: f, ~ 0.26 (1/R6C4) when C3 = 2C4,
R6 = 10R5, and CI = 10C4. If operation
with a positive (to ground) source voltage
is preferred, simply reverse C2's polarity
and use a 2N4126 transistor.

Cordless Phones. Nearly every home and
office has a telephone, and many have one
or more extension phones. But all the units
share two common limitations: dangling
cords and limited areas in which they can
be used.

How about an extension telephone that
can be used anywhere? While working in
the yard . . . in the garage . . .-out by the
backyard pool . . . or while participating in
a lawn party or outdoor barbecue.

Don’t scoff—it’s not a wild idea from a
futuristic TV spy thriller, nor a science-
fiction story. It is, in one sense, “just around
the corner,” for Bell Telephone Laboratories
is now conducting tests on an experimental
cordless extension telephone.

The new unit is unlike push-to-talk
walkie-talkies in that it provides simulta-
neous two-way conversation, as well as line
connection and disconnect, dialing, and ring-
ing. Designed to be carried on a belt or in
an overcoat pocket, the telephone connects
with the regular telephone network via a
radio link to a local fixed station. The ex-
perimental model has a range of from 100
to 1500 feet from the fixed station, depend-
ing upon local conditions.

The test model is a 31-ounce, 9-inch long,
solid-state, battery-powered unit which
looks somewhat like the Bell System’s pop-
ular “Trimline” handset, but eventual com-
mercial models are likely to be substantially
smaller and lighter.

The base station used with the cordless
phone can be mounted on a wall, in a closet,
or at a similar convenient location. It con-
nects to the .regular telephone line and is
powered through an ordinary a.c. outlet.

That closes out our Solid State story for
this month. Until December . .. —Lou
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The
“40=Pole>”

SIMPLE 40-METER
VERTICAL MONOPOLE
TUNES EITHER HAM OR
SWL 41-METER DX BANDS

TRI-BAND ANTENNA is fine for

working DX on the 10-, 15-, and 20-
meter bands, but you need a separate
antenna for the 40-meter band. The ex-
tra antenna need not be elaborate or
expensive; in fact, you can make one
in 30 minutes with essentially a 1:1
standing wave ratio (SWR) for less than
a dollar. If you wish, you can also use
the new antenna for the 41-meter short-
wave international broadcast band.

The “40-Pole” is a 40-meter vertical
monopole antenna. It is fashioned from
conventional 300-ohm twin-lead cable.
The finished antenna is lightweight, so it
can be supported by simple hardware.

To construct the ‘40-Pole,” simply
ground one of the twin leads (see draw-
ing at right), terminate the other lead
with 52-ohm coaxial cable, and short to-
gether the leads at the upper end of the
twin-lead cable. This done, the antenna is
ready for mounting on a tower if you
have one, or on the side of your house—
if the house is tall enough.

For best results, the antenna must be
vertical. The drawing shows how this
can be done if you have a tower—a sim-
ilar type of arrangement would be used
for side-of-the-house mounting. The 1’-
long dowels serve as stand-offs, but they
should be mounted rigidly enough to
serve as supports also. Otherwise, use
some nylon cord to support the antenna
as shown.

If you tower-mount the antenna, no
ground radials are needed provided that
the tower is well grounded and the shield
of the coax cable is connected directly
to the tower base at ground level. Of
course, if you don’t have a tower, or if
your tower is not adequately grounded
for r.f., ground radials are a necessity.
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The very low SWR is attributable to
the impedance step-up of the folded an-
tenna element. The feed impedance of a
vertical antenna is usually on the order
of 10 to 15 ohms, and multiplying by 4
(for a 4:1 impedance step-up) puts the
impedance between 40 and 60 ohms—
thus neatly bracketing the 52-ohm im-
pedance of the RG-8/U coaxial line for

8

b

NYLON STRING TOWER

L

TWINLEAD\

/ DOWELS

'X Nylon string is needed

only if dowels are un-
Cw»:ﬂ

of assembled antenna.

able to support weight

an almost perfect transmission line-to-
antenna match.

Proximity of the tower has little effect
on the length or performance of the ‘‘40-
Pole.” The length of the antenna is de-
termined by dividing 234 by the frequen-
cy in MHz. If the antenna were to be cut
to a frequency of 7.010 MHz, the length
would be 33" 4%”. Since the “40-Pole” is
fairly broadband, cutting it to 7.150 MHz
(approximately 32” 9”) will allow cover-
age of the entire 40-meter band.

The results obtained with the “40-
Pole’ prototype have proved very satis-
factory. You should be able to work all
continents with a 100-watt transceiver,
and even contact some of the rare DX
stations that operate exclusively on 40
meters. The SWL will find that a verti-
cal antenna is fine for DX'ing the 41-
meter international broadcast band where
the omnidirectional pattern is a great
asset. —Robert N. Tellefsen, WOKMF
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Put KM
in
Your Car

USE LOW-COST FM PORTABLE
FOR HI-FI ON THE ROAD

YOU CAN ENJOY all the programs on
the FM broadcast band without pay-
ing a premium price for a new mobile
FM radio or sacrificing your car’s present
AM radio. By installing a $20-or-less FM
or AM-FM transistor portable under the
dashboard and piping it through the
audio section of your AM radio, you
save anywhere from $30 to $50.

If the connections are properly made,
volume level and tone from both radios
can be controlled through the AM radio.
All you do to the FM radio when you
get into your car is turn it on and set
the volume level for distortionless sound
through the AM radio.

The installation described here is not
permanent. If you want to remove the
FM radio and take it on hunting or fish-
ing trips, to ball games, or just listen to
it at home, you can do so in a few min-
utes.

The connections shown below repre-
sent the simplest approach to connecting
a second radio to the one now in your
car. The materials needed are a d.p.d.t.

CAR ANT. ANTENNA|

TO AM AR
HEADSET JACK i

PORTABLE FM RADIC
BATTERY INPUT| % : X
o—— &

B-
GROUND
; 1K
SWITCH : ~. -
| {¥SEE TEXT T0 AM
1\* RADIO
- ———— T—T -

|
i
! DIODE DETECTOR
| N CAR RADIO (AM)
i
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switch, a capacitor, a resistor, several
cables and connectors, and a few pieces
of hardware.

The switch must be wired to complete
the AM circuit and connect the car’s an-
tenna to the AM radio in one position.
In the other position, the switch routes
the audio signal from the FM radio ear-
phone jack into the AM radio’s audio
section and connects the antenna to the
FM radio.

Power for the portable FM radio can
be furnished by your car’s electrical sys-
tem or the battery already in the radio.

You can install the set in a single eve-
ning. First decide where you want to
mount the switch and portable radio.
Then remove the AM radio from the
dashboard in your car, and look for the
diode detector stage. This stage is lo-
cated immediately after the last i.f. trans-
former (shown inside the dashed line box
in the schematic). Cut the ‘‘signal” line
at the output of the detector diode as
indicated by the dashed line between
points 4 and B.

Solder one lead of a coupling capacitor
(any value between 0.01 ;F and about
1.0 4F will do) to point B. Now connect
appropriate-length stranded hookup
wires to the free lead of the capacitor
and point A, twist the wires together,
and route them through a hole in the
radio’s case. Mount the radio back in the
dashboard.

Wire the switch, using the schematic
diagram as a guide. When connecting the
coaxial cables to the antenna side of the

The d.p.d.t. switch selects AM or FM mode of oper-
ation and routes the car antenna to proper radio.
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The FM radio mounting bracket can be conveniently
bolted to underside of dash, just below AM radio.

switch, solder only the center conductors
to the switch lugs. Then twist the mesh
shields together and connect them to
chassis ground via one of the switch
mounting screws.

For a 12-volt, negative-ground electri-

cal system, connect a 1000-ohm, 1-watt
resistor in series with the set's positive
lead, and ground the negative lead. For
6-volt electrical systems, use the radio’s
regular battery supply.

The mounting bracket for the FM radio
need not be as elaborate as the one shown
at left. A simple L-shaped bracket
and suitable clips to hold the radio firm-
ly in place will suffice. After fashioning
the bracket. glue several pieces of felt or
rubber to the bracket to prevent marring
of the radio’s plastic case.

Mount the bracket in place, and clip
the radio to it. Finally, use the correct
types of cable connectors to plug the
various cables into the FM radio.

That’s all there is to it. You now have
FM in your car for not much more than
you would expect to pay for the installa-
tion of a new mobile FM radio. yet you
have all the convenience of a carry-all
portable.

—David J. Sweeney

Build The R-Matcher

HE “R-MATCHER” will allow you to

compare, or match, resistance values
with almost laboratory precision. It is ac-
curate to within a fraction of an ohm
from 1000 to 100,000 ohms, and on other
resistances ranges well within the 19/
generally specified for matched resistor
pairs.

The circuit of the “R-Matcher” is es-
sentially that of a Wheatstone bridge.
Assuming that it is correctly balanced
(switch S7 depressed), a test resistor

. ]

BP3 oV

M |+
100-0-100y4 cé BI—

aP4

The circuit is essentially a Wheatstone bridge. Po-
tentiometer R2 must be set for the same voltage
drop on both sides of point B; R1 simply functions
as a sensitivity control. Resistors to be matched
are connected to BP1-BP2 and BP3-BP4, respectively.
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connected between binding posts BP1 and
BP2, and another resistor from BP3 to
BP}, will cause meter M1 to deflect if the
values of the two resistors are not iden-
tical.

Initially, the device must be calibrated.
Leave BPI1 through BP} open-circuited,
and use a VOM or VTVM to measure the
voltage drops from point B to point 4
and then point C while adjusting poten-
tiometer R2. The unit is calibrated, or
balanced, when the voltage drops on both
sides of point B are exactly the same.
Do not touch R2 from this point on.

To use the “R-Matcher,”” connect the
test resistors as explained above, set po-
tentiometer R1 for maximum resistance,
and depress the switch. If no deflection is
readable on M1, slowly reduce the setting
of RI until there is a deflection, or until
the setting is at a minimum. No deflec-
tion of M1's pointer when RI1 is set to
minimum resistance means both resistors
are exactly matched; any deflection—no
matter how slight—indicates that the re-
sistors are not perfectly matched.

—Frank H. Tooker
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What In The World’s Going On?
Find Out With A Heathkit® SWL Radio

NEW! Professional 10-Band Shortwave
Receiver... Slices Stations Down
To The Last kHz

Covers 6 shortwave bands (49, 31, 25, 19 & 16 moters) . . . 80, 540 and 20
micter him bands ... 11 meter CB. Includes 5 KkHz crystal filier for AM,
SSB und CW histeming. 11-tube circuit. 1 kHz dial caltbrations — 100 kHz
per dial revolution . . . no more guessing station frequencies. Crystal-
controlled front-end for same rate tuning on ail bands. Prebuilt & aligned
Lincar Master Oscillator. Tuning dial to knob ratio 4 to . Calibrated
“S” meter. Automatic noise limiter. Separate RF and AF gain controls.
Headphone jack. Non-backlash vernice tuning dial. “"Sub-pack™ pack-
aging for vasy 20-hour kit assembly. Modern “low-bay™ cabinet styling,
plus many more Upro”” SWL features. Optional crystal filters for optimum
CW & SSB available.

Kit $B-310, 20 Ibs....no money dn., $23 mo........... $249.00

Kit SB-310

249"

$23 mo.

{SB-600 8 ohm. 6" x 9" speaker $18.95}

For The Seasoned SWL. ..
Deluxe 5-Band Shortwave Receiver

Features S bands . . . 3 shortwave bands cover 2 MHz to 30 MHeg, plus
AM broadcast and 180 kHz to 420 kHz acronautical & radio navigation
bands. Tuned RF stage. Crystal filter for sharp sclectivity. Sceparate
product detector for SSB & CW. 6 <hode, 6 tube superhet circuit,
4” x 6” speaker. Built-in code practice monitor, Switchable BFO, metal
cabinet and more. Includes FREE SWL antenna.

Kit GR-54, 25 Ibs....no money dn.,$9 mo.. ..........$87.95

Kit GR-64

39

$5 mo.

AN

60660

Low-Cost 4-Band
AM/Shortwave Receiver

Hear “live” broadeasts from around the globe, ham operators, Voice of
America. ship-to-shore, CW, plus local AM on this single recciver.
4 bands . . . 3 shortwave bands cover | MHz to 30 MHz, plus AM
bioadeast. §” speaker for crisp, bold sound. 7” slide-rule dial with
logging scale. Lighted bandspread tuning dial. Relative signal strength
indweator. BFO control. Headphone jack. ‘Metal cabinet and more.

Kit GR-64, 15 Ibs....no money dn., $5 mo.. ..........$39.95

Kit GR-43

139% |

$13 mo,

Deluxe 10-Band AM/FM/Shortwave
Transistor Portable

10 bands tune Longwave, AM, FM and 2 MHz 10 22.5 MHz shortwave.
Separate AM & FM tuners and IF strips. 16 transistors, 6 diodes and
44 factory assembled and pretuned circuits. 47 x 6” speaker. Earphone,
time zone map, listener's guide. Build in about 10 hours. Optional
comverter/charger for AC operation $6.95.

Kit GR-43, 19 Ibs,...no money dn,, $13 mo.......... $139.95

Kit GC-1A

'39*

$9 mo

Last Call For The “Mohican”

Portable 5-Band Shortwave Receiver
Tunes 550 kHz to 32 MHz in 5 bands. Fixed-aligned IF ecramic “trans-
filters™ for best sclectivity. Sclf-contained for portability, yet can run
on 117 v. AC with optional power supply @ $9.95. 10 transistor, 6
diode circuit. Slide-rule dial, 'S’ meter, BFO control, electrical band-
spread, 47 x 6”7 speaker, headphone jack, metad cabinet and more.

Kit GC-1A, 18 Ibs....no money dn., $9 mo... . ......., $89.50

Turn Page For More Heathkit Values!
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Instant Gift-Solving Guide From Heath...
Now There Are 3 Heathkit Color TV’'s To.Choose From

Introducing The NEW Deluxe
Heathkit *'227” Color TV

Exclusive Heathkit Sclf-Servicing Features. Like the famous Heathkit
©295" and 1807 color TV's, the new Heathkit © 2277 Jeatures a built-in
dot gencrator plus tull color photos and simple instructions so 3 o can
set-up, converge und maintam the best color pictures at all times, Add
to this the detailed trouble-shooting charts in the manual. and you put
an end 1o costly TV servive calls for periodic picture convergence and
minor repars. Nooother brand ol cotor TV has this money-saving
seli-servicing feature.

Advanced Performance Features. Bousts new RCA Perma-Chrome picture
tube with 227 sq. i rectangular viewing area for 407, brighter pictures
- 24000 v regulated picture power and improved “rare carth™ phos-
phors Tor more brilliant, livelicr colors . . . new improved low voltage
power supply with boosted B+ for best operation . . . automatic de-
gaussig combired with exclusive Heath Magna-Shicld that “cleans™
the picture every-time you turn the set on from a “cold”™ start. and
keeps colors pure and clean regardless of set mosement or placement . . .
automatic color control and pated automatic gain control to reduce
color fade and insure steady, futter-Iree pictures even under adverse
conditions . .. preassembled & aligned 3-stage - . .. preassembled &
aligned 2-speed transistor UHF tuner and deluxe VHF turret tuner with
“memory” fine tuning ... 300 & 75 ohm VHF antenna inputs . . . two
hi-fi sound outputs . . . 4" x 6" 8 obm speaker . . . one-picce mask &
control panel for simple installution in a wall, your custom cabinet or
etither optional Heath factory-assembled cabinets. Build in 25 hours.
Kit GR-227, (everything except cabinet)

.$42dn,aslowas $25 mo.. ..o $419.95
GRA-227-1, Wainut cabinet...no money dn,, $6 mo......... $59.95
GRA-227-2, Mediterranean Oak cabinet (shown above),

nomoney dn, $TO Mo.. . ... i $94.50

Kit GR-295

479"

{less cabinet)

$42 mo.

Deluxe Heathkit *'295’’ Color TV

Has same hlkh |\rlorm ince features and built-in servicing lacilities
as new GR-227. except lor 293 sg.in. stewing area Gndustry’s
largest pmurc). L 25000 volt picture power .. universal main con-
trol panel for versatile in-wall installation . . Cand 67 % 9 speaker.
Kit GR-295, (everything except cabinet), 131 Ibs.. ..

$48dN., $A2 MO.. .ot .$479.95
GRA-295-1, Walnut cabinet {shown above), 35 |bs.
no money dn., $7 MO.. ... oo $62.95

Other cabinets from $94.50

Kit GR-227

419"

{less cabinet)
$25 mo.

Kit GRA-27

g%

New Remote Control
For Heathkit Color TV

L
|

Now change channels and turn your Heathkit color TV off
and on from the comfort of your armchair with this new remote
control kit. Use with Heathhit GR-227, GR-295 and GR-180
color TV's. hncludes 207 cable.

Kit GR-180

349"

{less cabinet
cart)
$30 mo.

Deluxe Heathkit “"180" Color TV

Sume high performance features and exclusive self-servicing facil-
ities us new GR-227 (above) exeept for 180 sq. in. viewing area.

Kit GR-180, (everything except cabinet), 102 Ibs.. ..

$35dn.,S30 MO .. $349.95
GRA-180-5, table model cabinet & mobile cart
(shown above), 57 tbs....no money dn, $5 mo......... $39.95

Other cabinets from $24.95

Deluxe 12" Transistor Portable B&W TV - First Kit With Integrated Circuit

Unusually senmitive performance. Plays any-
where . .. runs on howschold 117 vo AC. any
12 v. battery. or optional rechargeable battery
pack (539.95): recerves all channeb: new mte-
grated sound circnt replaces 39 components:
preassembled. preahgned tuners: high gain 1
stip: Gated AGC for steads. itter-free pic-
tures: front-panel mounted \pmku asembles
in only 10 hours, Rugged Inl.h nnp.ul |\I.M|«.
cabinet measures a compact |1 154"
NORTD2T T,
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Kit GR-104

119

No Money Down On 525 to $300 Orders — Write For Credit Form

wwWwW americanradiohistorv com

$11 mo.

Kit GR-104, 27 ibs....

no money dn,,
$11 mo.. 5

$119.95
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Turn Page For Il More Solutions
Enjoy The Sounds Of Christmas With A Heathkit” Stereo System

Kit AR-17

57295

(less cabinet)
$8 mo.

NEW ! %
Lowest Cost Solid-State Stereo Receiver

Features wide 18-60,000 Hz response @« L odb at tull 3 soates RS
power per channel L Lo T3 wats music pawer .. nputs tor phona and
aunilidry Lo sutomatie stereo mdicator L outputs for 4 thra 16 ohm
speakers oL adgustable phase for best sterco L sswheel tunin
and compact 977 D 2AY Hox 1L Wosize, 12 Ibs, Optionad £
assembled cabinets twalnut $7.95, bage metal $3.50).

Kit AR-17, (less cab.) 12 Ibs....no money dn., $8 mo. $72.95

Clory

Kit AR-27

$A Q95
(Ieﬂcgmel) 8

35 mo.

o &
NEW!

Low Cost Solid-State FM Meonc Receiver

Features cool solid-state circuit . .. 7 watts musiz, S watts RAS power
IR o 60000 H, respense oo - T db L L inpuis for phono and aus-
s .. outputs for 4 thru 16 ahm spoakers .0y vhed tunmg .
front pand controls L L. praassemblad & abgnad FXA front-end L
and V7 DN 2AT TN T WL Bookshelt size ¥ 1bs Opuonad Heath
factory assembled cabmets (walnut veneer $7.95, beae metal $3.501

it AR-27, (less cab.) 9 ibs.... no money dn., $5 mo. .. $49.95

”

Kit AR-15

532995

{less cabinet)
$28 mo.

Assembled ARW-15

‘499°

(Iesssdé:abinel)

mo.

World’s Most Advanced Stereo Receiver
...Choose Kit Or Factory Assembled

Acclaimed by owners & audio expurts for ity advanced features like
inteprated circunts and crystal fittars  the IF ampliticr sectiont ultra-
wensitine FET FM tuner; 150 watts dynamic music pawer: complete
AM. FM and FM sterco histening: positive cirent pratection; all-
silicon transistors; Ublack magic™ pandd highting: sterco only switeh:
adjustable phase controf for best sterco and many more, 34 1hs, Op-
tional wrap-around walnut cabinet $19.95,

Kit AR-15 (less cab.), 34 Ibs....$33 dn., $28 mo.... .. $329.95
Assembled ARW-15, (less cab.), 34 Ibs....$50 dn.,,
SAB MO . s ettt $499.50

NEW! Heathkit Stereo Headphone
Control Box

Kt AC-17

5795

Now enjoy the convenience of switching from speaker to private head-
phone listening without leasving the combort of your favonte char.
Conncets to any headphone regardiess of pawer, wnd has standard jacks
to accommodate two seis of any impedance, 3 ar 4 conncctor, stereo
or mono eadset. Tundem volume and balanee controls. About ine
size of u pack of agarettes. Includes 207 cable.

Kit AC-17, 31lbs...... ... $7.95

NEW! Exclusive Heath Hi-Fi Furniture...Fully Assembled And Finished

Contemporary Walnut Stereo/Hi-Fi Cabinet Ensemble Complements Modern Furnishings

Masterfully crafied of hine sencers and solids swrth wadnut tinish,
Stetuary Bronze handles. Equipment cabinet foatures adiustable
shelves o aiccommodate atl makes of hi-fi components, record
storage or Lipe recorder compartment, turntable compartment.
Spuiker cabinet features special Tubular-Duct Refiex design for
matchig 8 or 127 speakers, plus slat for a horn twecter.
Model AE-37, equipment cabinet. ..

nomoney dn., $12 Mmo... . ... i i $125.00
Model AEA-37-1, speaker cabinet. ..
no money dn., $6 Mo, ... ... i each $59.50

Early American Stereo/Hi-Fi Cabinet Ensemble
tarty American richness with modern component layout. Con-
structed ol specially-selected solids and vencers finished in
popular Salem-Maple. Statuary  Bronze handles. Equipment
cabinet has adjustable shelves o iccommodate any make hi-fi
component, record storige Or tipe recordor compartment, turn-
table compartment, Speaker cabinet can be mached (o any 87

or 127 speaker L. has slot for horn twecter,

Model AE-47, equipment cabinet. . .

nomoney dn., $13mo......... ...l $135.00
Model AEA-47-1, speaker cabinet. ..

nomoney dn., $7 Mo...... .. each $64.50

Mediterranean Pecan Stereo/Hi-Fi Cabinet Ensemble

Beaatifully constructed of fine furniture solids and vencers with
Pecan finish. Statuary Bronze handles. Equipmient cabindt has
adjustable shelves to house any mahke hi-fi componant, reecord
starige or pe recorder compartment. turntable compartment.
Speaker cabinet can be matched 1o any 87 or 127 speaher . . has
slot tor horn twecter.

Model AE-57, equipment cabinet. ..

nomoneydn, $14 mMo.... ... . iiiiie $150.00
Model AEA-57-1, speaker cabinet. ..
no money dn., $8 mo............. L each $74.50

Complete
Ensemble

244"

Complete
Ensemble

264"

Complete
Ensemble

299"
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Enjoy Widest Kit Selection, Easy Credit,

“Starmaker” Dual-Channel Solid-State
Guitar Amplifier

Features 25 waus ElA, 60
watts pcak power: two chan-
nels, cach with two inputs;
handles lead guitar, singer’s
mike; tremolo & reverb; two
127 speakers; hne bypass re-
versing switch for hum reduc-
tion; foot switches: black
vinyl-covered wood cabinet
with aluminum front panel &
chrome knobs. 52 Ibs.

Kit TA-16 51 3495 Assembled TAW-'IGs] 9995

$13 mo. $19 mo.

NEW! Single-Channel Solid-State
Guitar Amplifier

Compare To Amps Costing $175 &
More! Boasts 20 watts EIA, 40 watts
peak power: tremolo & reverb: two
inputs for lead guitars, singer’s mike;
127 speaker; line bypass reversing
switch 1o reduce hum: foot switches;
transformer power supply: black
vinyl-covered wood: cabinet with
aluminum front panel & chrome
knobs. 3§ Ibs.

Assembled TAW.-27 : 1 3495

$13 mo.

Kit TA-27 s8995

$9 mo.

NEW! Deluxe Solid-State Combo
Amplifier & Speaker System ...
Choose Kit Or Factory Assembled

Kit TA-17
Amplifier

517500

$17 mo.
(Wired TAW-17, $275)

Kit TA.17-1
Speaker System

512000

$11 mo.
(Wired TAW-17.1, $150)

Kit TAS-17-2
Special Combination Offer!
2 Speaker Systems &
Amplifier
Save $20

539500

$40 dn.
$34 mo.
(Wired TAW-17-2, $545)

All the "big sound™ features every combo wants . . . tremolo, built-in
“fuzz”, brightness, reverh, separate bass and treble boost and more.
Delivers a shatwening 120 watts EIA music power (240 watts peak
power) through two TA-17-1 speakers . . . or 90 watts through one
TA-17-1 speaher. Features 3 independent input channels, cach with
two inputs, Handles lead or bass guitars, combo.organ, accordion,
singer's mithe, or cven o record changer. All front panel controls keep
you in full command of all the action.

Speaker system features two 127 woolers, special horn drieer and
matching black vinyl-covered wood cabinet with casters & handles
for easy mobility.

Save ‘Up To 8500 On This Heathkit’ /
Thomas "Paramount” Transistor
Theatre Organ

Kit TO-67

599500

{including bench)
Write for
credit details

All Genuine Thomas Factory-lIabricated Parts. Features 15 manual,
4 pedal voices, instant-play Color-Glo; all sohd-state circuit: 200 waits
peak power: two separate speaher systems ... 2-apeed rotating | eshie
plus main system with two 127 speakers: two 43-note keyboards: pro-
fessional hoiseshoe console with stop tablets: 28 notes of chimes.
13-note bass pedals: selective repeat & atlack percussion; reserb; stereo
headset outlet; assembled walnut timish hardwood cabinet and bench;
and more. 265 Ibs. 77, 33.1/3 rpm demonstration record S0c.

America’s Lowest Cost Solid-State Organ

Save Up to $205' Fea-
tures instant-play Color-
Glo: 10 orgen voices. 13-
note bass pedals. repeat
percussion: two 37-note
keyboards: 78 watt peah
power: vibrato, match-
ing preassembled walnut
cabmet & bench; S-year
warranty on plug-n tone
generators. 172 Ibs, 77,
331’3 rpm demonstra-
tion record SOx.
Kit GO-3258

394%

$40 dn., $34 mo.

NEW! Heathkit' /Thomas !
Organ Accessories

Exclusive Band Box Percussion
Autamatically or manually adds 1O porous-
ston vowes Tooany Haathhit Thoman organ.
Build & usnallan 12 howrs

Kit TOA-67-1, no money dn ,
$14 mo . . 85 .. .. $145.00
Exclusive Playmate Rhythm Maker e
Adds 1S Disanatng thy thims toms Hoathkat/

Phomas Organ Revuires Band Boy pucus-

ston Libovl lin apeation

Kit TOA-67-5, no money dn | 4

$18mo . ..,,. C ... 818990

© Qrder Now! Use The Handy Coupon Qpposite Page ’

88

POPULAR ELECTRONICS

wwWwW americanradiohistorv com


www.americanradiohistory.com

Direct-To-You Delivery From Heath

y s34§95

NEW! VOX “Jaguar” Transistor Combo
Organ By Heathkit

Save Up To $150 on the world’s most popular combo organ with this
new Heathkit version. Features the most distinctive sound of any
combo organ. Has a special bass output that gives a brilliant sterco bass
effect when played through a separate or multi-channel amplifier, 4
complete octaves, vibrato, percussive effects and reversible bass keys.
Includes hand crafted orange and black cabinet, fully plated heavy-duty
stand, expression pedal and waterproof carrying cover and case for
stand. Requires a bass or combo amplifier like Heathkit TA-17 (op-
posite page).

Kit TO-68, 80 Ibs....$35dn., $30 mo................ $349.95

Kit HW-16

g

$10 mo.

Novices! New Hams! Get on-the-air at lowest cost. Provides CW opera-
tton on the first 250 kHz of the 80, 40 & 1S meter bands. 75 watt CW
input, up to 90 watts for general class operation. True “break-in” CW
operation. Crystal control ransmit with VFO recciver tuning. Built-in
sidetone. Grid-block keying. Metal cabinet and simple assembly. 25 lbs.

NEW! Heathkit Jr.® ™
Solid-State
Portable Phonograph

KitJK-17

$1995

Perfect for the youngster in your family. Plays all 4 speeds. all
record sizes. Crystal cartridge wnh sapphire stylus for all types
of records; 47 speaker: built-in 45 rpm adaptlor; preassembled
wrntable and hardboard cabinet. Buitd in 1 to 2 hours. 117 VAC,
60 Hz operation. 11 Ibs.

Heathkit Jr.® Electronic
Workshop “19”

51395

N
r
Tdeal gifi for any youngster who wants to learn clectronics. Contains
principles of operationn & instructions for building 19 clectronic
projects . . . PA system, transistor radio, burglar alarm, etc. Spring-
type conneciors. Sale, flashlight battery operation. 4 Ibs.

NEW! Heathkit Jr.?
Guitar Amplifier

wiK-37

$2995

$5 mo.

Ideal For Youngsters! Build i an wening. All salid-stato. 9 watts
music power. 8 spedken Single channel, two inputs. Variable
tremolo. Volume &tone controls. Red vinyl-covered weod cabinet
with striped. grille doth and carrying handle. T2 jhs

Kit HW-16, 25 Ibs....no money dn., $10 mo..,........ $99.50
J " HEATH COMPANY, Degt. 10-11 —}
N EW | Benton Harbor, Michigan 49022 i
HEATHKIT' 1968 . ] In Canada, Daystrom Ltd l
FREE 1968 ] [ Enclosed is $ . including shipping )
CATALOG! Please send model (s) |
Now with more kits, morecolor. | [7] Please send FREE Heathkit Catatog. |
oy esclibes pnesealonEwit" | [J Please send Credit Application. |
color TV, electronic organs, elec- | |
tric guitar & amplifier, amateur Name
radio, marine, educational, CB, l
home & hobby. Mail coupon or | Address |
write Heath Company, Benton
Harbor, Michigan 49052, 1 city e Zip |
I Prices & specifications subject to change without notice. CL-308 l
. e —————_——
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Ask for
Turner’'s M+2/U...

4

the
LONG DISTANCE

OPERATOR

The Turner M+2/U, a modified version
of the famous Turner M+2, is here . . .
and it gives you clear, distinct commu-
nication over distances which used to
require a telephone!

The M+2/U uses a self-contained
pre-amp and fingertip output contro! to
let you dial the modulation you need

. and it operates with any transceiver,
tube or transistor! Wires quickly, easily
. . . no matter what brand transceiver
you have!

If you want new life for your old
transceiver (or an unbelievable perfor-
mance boost for a new one!) . . . ask
for the new Turner M+2/U. It's the Long
Distance Operator that's always on duty.

| MICROPHONE COMPANY
946 17th Street N.E.
Cedar Rapids, lowa

In Canada: Tri-Tel Associates, Ltd. Export: Ad Aur-
iema, Inc., 85 Broad Street, New York, N.Y. 10004
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CIRCLE NO. 37 ON READER SERVICE PAGE

POLICE SPECIAL I

(Continued from page 48)

and D2, and the pink core (input side)
closest to transistor @} (see Fig. 6).
Then install all resistors and capaci-
tors on the board, as shown in Fig. 7.
When all components have been in-
stalled, check the parts layout and sche-
matic to make sure that none were
missed, or installed in the wrong posi-
tion. If everything checks out, install
transistors @1 through Q. Gently spread
the leads of the transistors to fit the
widely spaced mounting holes in the
printed board, and be sure that the emit-
ter and base leads are inserted into the
proper holes. Bend leads flat against the
printed conductor pattern and solder
quickly to avoid heat damage. Clip off
excess lead lengths when connections
have cooled. Install diodes DI and D2
(observing proper polarity), with the
same care given the transistors.
Fabricate coils L1, L2, and L3, as
shown in Fig. 8. The coil forms used in
each case are standard 1-watt resistors.
The exact values of resistance may be
within =209 of the specified values, as
long as the diameter of the resistor body
is the same. If you intend to use an out-
door antenna with the receiver, add
coupling link LI-A to antenna coil L1, as
shown in Fig. 8. Install the finished coils
on the printed board as shown in Fig. 7.
Remove the mounting clip from trim-
mer capacitor C5 and solder its rotor
and stator terminals to the end leads of
mixer coil L2 as shown. Then install a 5”7
length of hookup wire lead to the B-minus
conductor pattern of the board, a 7”
length to the output end of C24, and a
2” length to the input end of CI1. Cut a
2” length of shield braid and solder it to
the ground lug on tuning capacitor C10.
Attach and solder a ground lug to the
free end of the shield braid.
The r.f. module is now complete and
ready for installation in the cabinet. Do
a final check on all wiring and soldered

,connections and clean up any excess flux

or solder splashes on the conductor side
of the board.

Slip the assembled module into the
cabinet and align the board properly on
the four spacers. Secure the board to the

POPULAR ELECTRONICS
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spacers using short 6-32 screws. Don't
tighten the screws too much or you will
crack the board.

Next, slip a short 4-40 screw through
the front panel and slip the ground lug
connected to the shield braid onto it
secure it with a 4-40 nut to make a good.
solid ground connection. Attach the 7”7
hookup wire lead from output capacitor
C2) to the high side of volume control
R17, and connect the 5” hookup wire
lead to the junction of resistor E/6 and
capacitor €26 on terminal strip TS2. The
2” antenna input lead connects to the
center terminal of TS2.

Finishing Touches. Fabricate the point-
er of the tuning dial as shown in Fig. 9.
Sand the shaft coupling end to remove
the plated finish. Then cut the pointer
from sheet tin (a tin can is fine) and
solder it to the sanded-end of the shaft
coupling. When the solder has cooled,
apply a coat of white enamel to the
pointer and allow it to dry.

The !':”-diameter flatted shaft of tun-
ing capacity C10 can be adapted to fit
standard !,” knobs by soldering a ',”-

~COIL DETAILS

—Cliy

4-1/2 TURNS NO 18
YN Fig. 8. Wind coils
on 1l-watt resistor
bodies to provide

solid support. If

—4 11— ¢

NESISTOR

an outdoor antenna
used, antenna
coupling coil L1-A

3 /2 TURNS NO 18
must also be used.

I- NAT" TINNED BUS BAR

RESISTOR SPACED 174 INCH
L3
/ / —
/ =
/
/
I
150K 3 TURNS NO 1B
T~ WATT TINNED BUS BAR
RESISTOR SPACED 172 INCH
ANTENNA
coiL L1
(WOUND
AS ABOVE) Li-A

0 20 SOLID INSULATED HOOK up
OUND GROUND -END OF

TO T8I TERMINALS

1967

November,

Popular SAMS BOOKS
, i)

r USE THIS HANDY ORDER FORM~

Cit,
e

RECENTLY PUBLISHED! TIMELY! ]

] Citizens Band Radio Handbook. All-new third edition.
Covers latest CB equipment and circuits, fixed and
mobile installations, antenna systems, maintenance
and repair, FCC rules etc. Order 20569, only $4.25

ABC's of Radio & TV Broadeasting. A fascinating expla-
nation of what goes on at the transmitting end in
radio and television broadcasting, in terms of both
signal and equipment. Order 20575, only ... .$2.25

FET Circuits. All about field-effect transistors (FET)
and their practical application. FE'I"s are now avail-
able at lower prices and their exciting uses will gen-
erate ideas for experimenters. Order 20585, only$3.25

__| Walkie-Talkie Handbook. Describes all types available
today; also covers specifications, accessories, main-
tenance. and licensing requirements. An invaluable
guide. Order 20572, 0only ...... ... .. .. ... ... $3.95

j ABC's of Hi-Fi and Stereo. Provides a full understanding
of basic principles of sound reproduction; explains
monaural and stereo sound; tells how to select, op-
erate, and maintain equipment; covers all system
components in detail. Order 20539, only . ... . $2.25

o

0

How To Read Sthematic Diagrams. Not only shows you
how to read and interpret diagrams, but analyzes
each component, its construction, and its circuit
purpose and use. Order 20568, onI_y. e ....%2.95

v Servicing Guide. Tells you how to apply proper
trouble shooting procedures based on analysis of
symptoms, illustrated by picture tube photos. Packed
with troubleshootmg and servicing hints.

Order 20361, only.

Color-TV Serviting Made Easy an 1. ¥ull explanation
of color principles, circuitry, setup adjustments, and
servicing of all color-T'V sets. Takes the mystery out
of servicing color-I'V. Order 20135 . $3.

ABC’s of Citizens Band Radio. newLy rEviSED & uUP-
pATED. All you need to know about planning and
setting up a CB 2-way radio system. Explains
functions, principles, setup and operation, latest
rules and regulations. Order 20019......... $2.25

i

|

O

..$2.95

Transistor Ignition Systems Handbook, 20238.
TV Tube Symptoms & Troubles. 20476 .
Understanding Telemetry Circuits. 20518, . . . ... . ... 3
2nd-Class Radiotelephone License Handbook. 20316 ...
Modern Dictionary of Electronics. 20151,
Handbook of Electronic Tables & Formulas. 20230. .
Color TV Trouble Clues. 20120
Solving TV Tough-Dogs. 20403

FAMOUS ABC’'S BOOKS

[ Lasers & Masers. 20262, $2.25 O Computers. 20012 .
[J Tape Recording. 20395 . 1.50 [J CB Radio. 20019 .
O Transistors. 20440, . . .. 2.5 (] Modern Radio. 20047

w == HOWARD W. SAMS & CO., INC.=

Order from any Electronic Parts Distributor, or
mail to Howard W. Sams & Co., Inc., Dept. PE-11
4300 W. 62nd St., Indianapolis, Ind. 46268

occooaoo

Send books checked above. $ enclosed.
[0 Send FREE Sams Book Catalog.
Name.
PLEASE PRINT
Address
State Zip

S S GEIND SEDVR U S SN SR WS
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SHAFT MODIFICATION

1/74"0.0,1/8"10. 178" DIA BRASS
BRASS SPACER FLATTED

5 INNER SHAFT r—

M

/ 6.5-13pF

SAND, AND TIN SHAFT 174" DIA TUNING
WITH SOLDER. SLIP OUTER CAPI(\:CITOR
ON_SPACER AND HEAT SHAFT 10
UNTIL "SWEATED

JOINT IS CREATED.

SAND, AND TIN

Fig. 9. Solder a short-length brass spacer Egifpf.%%‘_‘p‘ﬁcg
to shaft of tuning capacitor C10. Slip pointer ‘;IC"L:J‘EERA%@A
assembly onto spacer, and tighten setscrews. AND SOLDER

POINTER DETAILS

N CUT POINTER FROM THIN
BRASS OR TIN STOCK.
374" APPLY WHITE ENAMEL TO
POINTER AFTER ATTACHING
l TO COUPLING

a2
\ N—sm’ SCREWS

174"
BRASS SHAF®
COUPLING .

NG

o.d. x 14”-i.d. brass spacer to the exist-
ing shaft. Lightly sand the shaft and
apply a thin coat of solder. Now slip the
brass spacer onto the tinned shaft, heat
the spacer until the solder on the shaft
flows and allow the spacer-and-shaft-
joint to cool.

Loosen the setscrews on the shaft
coupling and slide the coupling onto
C10’s inner shaft, through the clear-
ance hole in the front panel. Align the
pointer with the rotor plates of the vari-
able capacitor and tighten the rear set-
screw to lock the shaft coupling to the
outer shaft of the tuning capacitor. In-
stall knobs on the adapted tuning capaci-
tor inner shaft and the volume control
shaft.

Install four rubber feet on the bottom
half of the cabinet. For best results. use
a good quality rubber or contact cement
to attach the feet, rather than drilling
holes and using hardware.

Alignment. Proper alignment of the
completed receiver requires a fairly ac-
curate signal generator, capable of pro-
ducing tone-modulated 10.7-, 158-, and
168-MHz r.f. signals. To align the receiv-
er, extend the antenna and rotate the
volume control to the maximum position.
Set the signal generator to 10.7 MHz,
amplitude-modulated about 309, and
loosely couple the generator output to
the receiver’s antenna.

Then, using an insulated alignment
tool, tune the slugs of 71, T2, and T3
for maximum output. When no further
increase in output can be obtained, reset
the signal generator to 158 MHz, ampli-
tude-modulated about 3094, and place its
output lead within six inches of the re-
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ceiver’s antenna. Set the tuning capaci-
tor to a dial reading of 158 MHz and
adjust oscillator trimmer capacitor C11,
until the generator’s signal is heard
from the receiver speaker. Reduce the
output of the generator to minimum and
adjust mixer trimmer C5 for maximum
output from the receiver. (You may have
to readjust oscillator trimmer C11 to
retune the receiver as the mixer trimmer
is adjusted, since some interaction be-
tween the two adjustments is inevitable.)

When the receiver has been peaked at
158 MHz, retune the generator to 168
MHz, and tune in the signal on the re-
ceiver. Squeeze or stretch antenna coil
L1 as necessary to peak the generator
signal at this frequency. Check the
tracking and tuning range of the receiver
by setting the signal generator to 152
MHz and picking up the signal with the
receiver. Tune progressively higher in
the band in 2-MHz increments, to 176
MHz. If no parts substitutions were
made and the coil specs were followed
exactly, your receiver should easily tune
from 152 to 176 MHz.

Now null the ratio detector for best
reception of narrow-band FM signals.
This adjustment can be performed on the
bench and “touched-up” later using lecal
Public Service signals. Tune the signal
generator to 160 MHz, amplitude-modu-
lated about 30¢;. Tune the receiver to
the generator frequency, then adjust the
blue core of ratio detector transformer
T3 for a “null” in the received signal. As
you make this adjustment, the signal
should rise, drop off sharply, and rise
again as the core is adjusted. The drop-
off point is the correct null setting.

On-the-air “touch-up” of the receiver’s

POPULAR ELECTRONICS

www americanradiohistorv com


www.americanradiohistory.com

alignment requires patience and a steady
hand. The adjustment calls for a slight
de-tuning of the blue core of the ratio
detector transformer to narrow the re-
sponse for improved NBFM detection.
To complete the “‘touch-up.” tune across
the band until you hear a Public Service
station of medium signal strength. While
the station is transmitting, adjust the
blue core of transformer T3 a fraction of
a turn in each direction from null, “rock-
ing” the tuning capacitor slightly across
the signal frequency. Leave the blue core
set at the position which yields maxi-
mum audio output.

After making this adjustment, install
the bottom half of the cabinet and se-
cure its four self-tapping screws.

Antennas. If you live in a fairly well-
populated city or town, chances are the
whip antenna will be all you'll need for
good local reception (up to 10 miles) of
VHF Public Service stations. However,
if you're out in the country, you may
need an outdoor antenna to boost recep-
tion. A roof-mounted TV antenna will
give excellent results, expanding the
pickup range by a considerable margin.

If you use your TV antenna, add the
optional antenna terminal strip (783)
and input coil L1-A, shown in the dashed
box in Fig. 1. If you only want to use the
whip antenna, omit the parts in the
dashed box.

“Well, the surprise part is the price—
they're 75 dollars . . .”

November, 1967
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a space age career?

Send for 'tﬁis booklet on
ENGINEERING TECHNOLOGY
AND ENGINEERING

Learn how you can prepare for a dynamic
career as an electrical or mechanical engi-
neering technician or engineer in such
exciting, growing fields as avionics, mis-
siles, reliabllity control, fluid mechanics,
data processing, metailurgy, microelectron-
. 'ics, and advanced aerospace research.

MSOL offers residence study programs
ieading to these degrees in engineering
technoiogy and engineering:

"2 years — Associate in Applied Science
. 4 years — Bachelor of Science

Also get facts about scholarships and fi-
nancial aids, job placement and other
student services, plus photographs of
MSOE technical laboratories and g
student activities. Courses ap- _Jil
proved for veteran . training. i
For your copy, just mail
- the coupon —
no obligation.

Milwaukee, Wisconsin 53201

Milwaukee School of Engineering
Dept. PE-1167, 1025 N. Milwaukee Street
Milwaukee, Wisconsin 53201

Please send the ‘Your Career’ booklet.
I'm interested in

[ Electrical fields

[J Mechanicat fields

Name Age....coerrene
Address
City State ZIP,
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popuLar ELECTRONICS
SUBSCRIBER SERVICE

Please include an address label when writing about
your subscription to help us serve you promptly.
Write to: Portland Place, Boulder, Colo. 80302

CHANGE OF ADDRESS: ;—AFFIX LABEL1
Please let us know F—=—" r——=
you are moving at -~ -
least four to six V., - g 2 = |
weeks in advance. Af- |% | e 2 e |
fix magazine address g o>
label in space to the | 2 1
right and print new = |
address below. If you | °
have a Question about i =
your subscription, at- o o
tach address label to | z 5 |
your letter. | l o 21
TO SUBSCRIBE: [ g -
Check boxes below. | 2 =
O New [JRenewal | o
0 5 years $20 =
O 3 years $13 | o 2 |
01 year $5 R = |
SPECIFY: g 2
] Payment enclosed l =
~You get 1 extra | - 3 |
issue per year as ~ :
| WY ) e
a.BONUS! Add’| postage: $1 per year outside
] Bill me later. U.S., its possessions & Canada..
name please print 0246
address
city
state zip-code

NEW
LITERATURE

To obtain a copy of any of the catalogs
or leaflets described below, simply fill

_in and mail the coupon on bpage 15.

NEW Vol. Il of “For Shortwave Listeners”

THE RAREST DX IN THE WORLD

New LP Record for SWL and shortwave hohbyists.
Station 1.D. announcements, Interval Signals, Music,
Anthems, of seldom heard SW stations from around the
World. Nepal, S. Vietnam, Fiji, Hong Kong, New
Guinea, Cook Is.. Gilhert & Ellice ls., and more. Most
valuable in identifying those clusive DX signals when
heard on your receiver. Recorded from source tapes
supplicd by the stations themselves for fine recorded
quality. Postpaid $3.95. Outside U.S.A. add $1.00.
Vol. I ot “For Shortwave Listeners” also available.
Same price. Specify Vol T or Vol. IT or BOTH for
535:;) SWIL. RECORDS, Box 150, Culver City, Calif.
90230.

TUNAVERTERS
POLICE, FIRE, AIRCRAFT,
MARINE AND AMATEUR
CALLS ON YOUR BROAD-
CAST RADIO!

Tunable RF converters.
6-1 reduction tuning. See
complete listing in Octo-
ber Popular Electronics,
Page 111,

HERBERT SALCH
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Several new pieces of equipment built around
integrated circuits are featured in Lafayette
Radio Electronics’ 512-page 1968 catalog, No.
680. Complete selections of hi-fi equipment,
CB and marine radios, ham gear, tape re-
corders and test equipment, from almost ev-
ery major manufacturer and Lafayette's own
equipment are represented. Extras include
electronic components, tools, optics, cameras,
books, radios, TV sets, etc.

Circle No. 86 on Reader Service Page 15

Over 2000 dry transfer alphabet sheets and
marking sets for electronic equipment, archi-
tectural drawings, etc., are fully described in
the 1967 catalog released by Datak Corpora-
tion. Featured for the first time are sets of
organic chemical symbols and logic diagram
symbols, 14 new preprinted title sets, “Letra-
tone” shading tints, and heat-resistant letters
for drafting.

Circle No. 87 on Reader Service Page |5

TAD Products Corporation’s 16-page, 1967-68
catalog contains detailed descriptions of
slide- and rotating-type calculators, rules,
comparators, nomographs, converters, refer-
ence books, and other time-saving devices for
engineers, designers, and draftsmen.

Circle No. 88 on Reader Service Page 15

Complete information on the ‘“Ampli-Vox
Sound Cruiser Mobile Sound System” is con-
tained in a specification brochure published
by Perma-Power Company. The system is
said to turn any car, bus, or truck into an
jnstant sound truck, and is powered by the
vehicle's 6- or 12-volt battery.

Circle No. 89 on Reader Service Page 15

Thyratron tubes and their applications are
discussed thoroughly in a 19-page report
available from Amperexr Electronic Corporae-
tion. The fundamentals of thyratron opera-
tion, their characteristics, and circuit design,
are covered first, followed by sections called
“Installation of Thyratrons” and “Definitions
of Ratings.” Copies of this “Application Re