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You get more

for your money

from NRI—

America’s oldest and largest Electronic,
Radio-Television home-study school

Compare. You'll find— as have so many
thousands of others—NRI training can’t
be beat. From the delivery of your first les-
sons in the remarkable, new Achievement
Kit, to “'bite size,”” easily-read texts and
carefully designed training equipment ., . .
NRI gives you more value.

Y UF R b
i Available under ;
NEW GI BILL °

= If you served since
= January 31, 1955, or
= are in the service,
= check G! line in :
= postage-free card

.Shown below is a dramatic, pictorial ex-

ample of training materials in justone NRI
Course. Everything you see below is in-
cluded in low-cost NRI training. Other ma-
jor NRI courses are equally complete. Text
for text, kit for kit, dollar for dollar—your
best home-study buy is NRI.




GET A FASTER START WITH NRI'S
NEW EXCLUSIVE AGHIEVEMENT KIT

The day your enrollment is received your
Achievement Kit will be on its way to you. It
contains everything you need to make an easy,
fast start in the Electronics training of your
choice. This attractive, new starter kit is an
outstanding, logical way to introduce you to
home-study the way NRI teaches it . . . backed
by a dedicated staff and the personal attention
you should expect of a home-study school. It
is your first special training aid . . . designed
to make your adventure into Electronics ab-
sorbing, meaningful. Your Achievement Kit
contains your first group of lesson texts; rich
vinyl desk folder to hold study material; the
industry’s most complete Radio-TV Electronics
Dictionary; valuable reference texts; lesson
answer sheets; envelopes; pencils, pen; engi-
neer's ruler—even postage. No other
school has anything like it.

OVER 50 YEARS OF LEADERSHIP

LEARNING BEGOMES AN ABSORBING
ADVENTURE WITH NRI TRAINING KITS

What better way to learn than by doing? NRI
pioneered and perfected the ‘“home lab'' tech-
nique of learning at home in your spare time.
You get your hands on actual parts and_use
them to build, experiment, explore, discover.
Electronics come alive! NRI| invites compari-
son with training equipment offered by any
other school. Begin NOW this exciting, practi-
cal program. It's the best way to understand
the skills of the finest technicians—and make
their techniques your own. Whatever your rea-
son for wanting to increase your knowledge of
Electronics . . . whatever your field of interest
. .. whatever your education . . . there’s an NRI
instruction plan for you, at low tuition rates to
fit your budget. Get all the facts about NRI
training plans, NRI training equipment. Fill in
and mail the attached postage-free card today.
NATIONAL RADIO INSTITUTE, Wash-
ington, D.C. 20016.

IN ELECTRONICS TRAINING

This is an example of material included in just one NRI course. Other courses are equally com-
plete. But NRI training is more than kits and “bite-size” texts. It's also personal services which
%’- have made NRI a 50 year leader in home-study. Mail postage-free card today.

RS ALELEN T INY RTTTT -
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you should have
AN INTERNATIONAL

G-128

FREQUENCY METER

Four Instruments In One

The C-12B is more than a frequency
standard — it measures power output,
measures AM modulation, and is a
signal generator . . . all self contained
in one convenient unit.

If You Service Citizens Radio Transceivers...
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check these features!

a Frequency Measurement — Range 26.965 mc
to 27.255 mc. Frequency stability = .0025%
32°F to 125°F; = .0015% 50°F to 100°F.

a Power Measurement — 0 to 5 watts, accuracy
+ VYa watt.

» Counter Circuit — Frequency range 0 to 3 kc.
Residual error 100 CPS @ zero beat.

a AM Modulation Measurement — Range 0 to
100%. Accuracy 3% @ 400 CPS @ 80%
modulation.

a Signal Generator — Frequency range 26.965
mc to 27.255 mc. Low output 1 microvolt through
special pick-off box furnished with meter. High
output 100 microvolts through output jack.

Manufacturers of precision electronic products

» Panel Controls — Channel selector, 24 posi-
tions + ""Hi-Lo" frequency adjust + RF level con-
trol + Modulation set «+ Power « Meter calibration
adjust « Function selector, 7 positions « Modula-
tion »+ RF -« Deviation + Calibration + Battery Test
“A" + Battery Test "B" - Battery Test “'C"".

» Battery Power Required — 12 vdc @ 60 ma,
672 vdc @ 5 ma, 9 vdc.

The C-12B is capable of holding 24 crystals
and comes with 23 crystals installed. Every-
thing you need including connecting cable,
PK box, dummy load, and batteries.

Cat. No. 620-101....................... $300.00

for home, industry and aerospace needs.

INTERNATIONAL

o

CRYSTAL MFG. CO,, INC.
1B NO. LEE DOKLA CITY. DKLA. 73102

CIRCLE NO. 13 ON READER SERVICE PAGE
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o ——, FILL OUT & MAIL TODAY = ————
: PIONEER ELECTRONICS U.S.A. CORP.
| 140 Smith St., Farmingdale, N. Y. 11735

| (516) 694-7720

| Send me______Model CS-24 Speaker Systems @ 2750 each
| FOB Farmingdale, N. Y. | want the following finish

| 3 silver [ Black. Check enclosed for $

| (Add state/local taxes where applicable).

l Name

| Street

| city/State .Zip Code

When THIS Pioneer Speaks
...it’s time to listen!

Model CS-24 PIONEER “Little Gem"”
Full-Fidelity Compact
Slimline Speaker System

...an incredible value at 32750 ea.

Listen . . . to the outstanding beauty, clarity
and definition of this slimline Pioneer CS-24
speaker system. [t'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 4%" D.

SPECIAL OFFER
TO POPULAR ELECTRONICS READERS!

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

CIRCLE NO. 24 ON READER SERVICE PAGE
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DeVRY INSTITUTE o TECHNOLOGY
4141 Belmont Ave., Chicago, iit. 60641, Dept. PE-5-X

Please give me your two free booklets, “"Pocket Guide to Resl
Earnings™ and ‘‘Electronics in Space Travel”; also include detaiis
on how to prepare for a career in Electronics. | am interested in
the following opportunity fieids (check one or more):

50,000

[[] Space & Missile Electronics [ Communications
. [J Television & Radio [0 Computers
[J Microwaves O Industrial Electronics
[0 Automation Electronics [] Broadcasting
‘ [J Radar [0 Electroric Control
! NAME AGE
ADDRESS APT.
CITY. -—-ZONE STATE

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

HOME STUDY AND RESIDENT SCHOOL TRAINING
2096 AVAILABLE IN CANADA

R U

b o e S SR S e G G

Filled Qut
DeVRY TECH
COUPONS

During The Past 36 Years,
Earned Diplomas As Qualified
Electronics Technicians

!
&

DeVRY INSTITUTE o TECHNOLOGY « CHICAGO - CANADA

May, 1967 7



SCOTT’S NEW
ONE-AFTERNOON
TUNER KIT
DELIVERS AMAZING
FET PERFORMANCE

Now you can get factory-wired per-
formance from a kit that takes only one
afternoon to build! Scott's new LT-112B
is the only kit with Field Effect Transistor
circuitry®, enabling you to enjoy more
stations more clearly. Interstation Muting
Control effects complete quiet between
FM stations . . . oscilloscope output al-
lows laboratory-precise correction for
multipath distortion.

“Scott’'s LT-112. .. is one of the finest
FM stereo tuners we have tested and it is
easily the best kit-built tuner we have
checked . . . Because of its simple con-
struction and trouble-free nature, it is a
logical choice for anyone who wants the
finest in FM reception at a most remark-
able price.”” HiFi/Stereo Review.

LT-112B specifications: Usable sensitivity, 1.8 xV; Cross
modulation, 90 dB; Stereo separation, 40 dB; Capture
ratio, 2.5 dB; Price, $189.95. *Patents pending

For complete information on the Scott LT-112B,send for
your free copy of Scott's 16-page full-color jllustrated
Guide to Custom Stereo.

“Scott . . . where innovation is a tradition

Prices slightly higher west of Rockies. Subject to change without notice.

CIRCLE NO. 29 ON READER SERVICE PAGE

LETTERS

FROM OUR READERS

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

FOREIGN AID

I am very thankful to vou for publishing
my letter (November, 1966) regarding the dif-
ficulty in obtaining parts for projects here
in India. Experimenters located all over the
U.S.A. have written to me, offering me a
variety of components. The writers included
mechanical engineers, doctors, and students.
I was really moved by this response and have
deep feelings of satisfaction about the way

all of these Americans reacted so promptly to

help someone in need. 1 am sending my cor-

respondents Indian novelties and curios as
gifts.

K. B. TENDULKAR

Bombay, India

PROPAGANDA: TWO VIEWPOINTS

In two yvears I have QSL'd almost 50 coun-
tries, and only Cuba and Red China have
continued to send anything more than pro-
gram schedules (without my asking to have
propaganda discontinued). But from the in-
formation sent from these two countries, one
feels like a cell mate to Fidel and Mao. I
asked Havana to discontinue mailing but two
months later, I received a listener-survey
questionnaire; either they disregarded my
plea, or U.8. customs haven’t sent the note
on vet. One of my friends has a simple solu-
tion—he sends anything besides the QSL
received from a communist nation straight
to the FBI office.

Prague discontinues all mailings if you
don’t write once a year (heard on their Lis-
tener’s Mailbag Show). Deutsche Welle sends
“Hallo Friends” and other publications to all
listeners, but does ask in questionnaires if the
listener wants them continued. RB. Nederiand
sends a program schedule to all who write for
QSL’s or request a schedule«(in several lan-
guages—I get Spanish and English); they will
send almost anything but a windmill on re-
quest.

DoucLas B. MEYER, WPE20US
New Rochelle, N.Y.

CIRCLE NO. 7 ON READER SERVICE PAGE—>»
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COURIER

You are looking at the incomparable 23-
channel Courier Classic—two years in de-
velopment. Designed and engineered for
total reliability, with years-ahead styling that
sets a new standard of comparison. So
advanced in performance, it required the
creation of several new components by
America’s leading component manufactur-
ers. With liluminated S meter. Illuminated
channel selector. PA system. Auxiliary
speaker jack. Single-knob tuning. Modula-
tion indicator. DC cord. Exclusive Courier
“Safety Circuit” to protect against mis-
matched antenna, incorrect polarity, and
overload. The first transistor rig designed to
help pierce “skip.” Every known feature
that could be built into a CB rig, in a com-
pact 62" W x 82" D x 2'/2" H. Plus the in-
dustry’s biggest guarantee — 10 full years!

Just $189

Complete with crystals
for all 23 channels.

CLASSIC

COURIER COMMUNICATIONS, INC.

@@H A Subsidiary of
« electronics cemmunications inc.

56 Hamilton Avenue, White Plains, New York

Yes! Tell me all about the new Courier
Classic.

Name_ S —_—
Address

City _ Caunty ==
State Zip__

PE-75



NOW:
PACE
2-WAY
RADIOIN

69

USE THE NEW PACE “AUTOMATE” ALL
SOLID STATE 5-WATT TRANSMITTER to call
for help when you're in trouble * Receive mes-
sages over your AM car radio . . . and get
assistance in a hurry « Communicate up to
10 miles even on a weak battery e Just flip
on the transmitter switch, tune your car radio
to 1505, pick up the microphone, and make a
call « Takes no more current than an electric
clock « 12 channels available for business or
personal use ¢ Write for complete information
and the name of your nearest PACE dealer.

LETTER§ (Co;ztinu;d_frorr;;zgé 8)

Those SWL’s who don’t want any propa-
ganda are missing half the fun. Whenever I
write to a station, I ask them to send me
some material about the station, country, or
any other miscellaneous literature they wish.
I have received all sorts of interesting infor-
mation: from program schedules to post-
cards, sports magazines to antenna construc-
tion pamphlets, and some propaganda—even
from U. S. stations.

Whenever I “show off” my QSL's to people,
I also show them my accumulated pile of
literature; and they are sometimes more in-
terested in the literature, especially the prop-
aganda, than my QSL’s! This propaganda
also makes for very interesting discussions
or reports in a history class. I don’t believe
any of this flow of foreign materials will
jeopardize my future military service because
I have had only one of my many packages
opened—and that was because the original
envelope fell apart!

Although I received quite a bit of propa-
ganda from Radio Havana. Cuba, after ask-
ing for it, I now get only a program schedule
about every five months., I have never re-
ceived any propaganda from Moscow or Kiev
in the U.S.8S.R., or from Albania, and very
little from W. Gerniany, Czechoslovakia,
Hungary, Rumania, and Bulgaria. (I have
received sports magazines from Czechoslo-
vakia, and tourist information from Rumania
and Bulgaria.) Communist China does send
a lot of propaganda, however.

Bos HuBer, WPE3GUN
Wilmington, Del.

ANTI ANTI-SKATE

After reading your article on “The War on
Skating” (September, 1966), I did some ex-
perimenting. When a record is plaved, the
tone arm travels from the outer edge of the
disc toward the center of the disc. If the
tone arm is set on a grooveless disc, the same
thing happens, but the tone arm travels far
too rapidly. When an anti-skating device is

(D)) PACE

COMMUNICATIONS CORP.
24048 Frampton Ave, Harbor City, Calif. 90710

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

CIRCLE NO. 23 ON READER SERVICE PAGE
10

installed, the tone arm is reduced to a dead
weight—it no longer moves over the record
by itself. The stylus in the record groove is
subjected to an opposite force. Side groove
pressure has not bheen eliminated; rather,
it has been transferred from the inner groove
wall to the outer groove wall. In my opinion,
the solution to the problem is not to eliminate
(Continued on page 14)

POPULAR ELECTRONICS



New Heathkit® AR-15 Solid-State Stereo Receiver

Baan1

“‘Black Magic’’ Panel Lighting A touch of the power switch and presto!
. The black magic panel lights up with a shde-rule dial for easy tun-
ing. and instant identification of all controls.

Integrated Circuits . . . two are two are used in
used in the IF amplifier for hard
limiting excellent temperature sta-
bility, increased reliabihty. Cap-
ture ratio is 1.8 db. Each IC is the
size of a tiny transistor, yet each
contains 10 transistors, 7 diodes,
and 11 resistors.

Crystal Filters . . .
the IF amphfier to replace the us-

ual transformers . . . Heath hi-fi
exclugive. Provide near-perfect
bandpass charactenstics, (70 db
selectivity) yet no adjustment 1s
ever needed!

Now From The World’s Most Experienced Solid-State
Audio Engineers Comes The World's Most Advanced
Stereo Receiver . . . The New Heathkit AR-15. There's
nothing like it anywhere in the transistor sterco market
place. Besides the use of space-age integrated circuits
and exclusive crystal filters in the IF section, it boasts
other “state-of-the-art” features like these:

150 Watts Dynamic Music Power . . . the highest power
output of any transistor sterco receiver . . . delivers the
coolest, most natural sound you've ever heard.
Al-Silicon Transistor Circuitry . . . a total of 69 tran-
sistors, 43 diodes and 2 IC's for maximum reliability.
Positive Circuit Protection . . . four Zener diodes and
two thermal circuit breakers protect the driver and out-
put transistors from overload and short circuits of any
duration.

O Please send FREE Heathkit Catalog.

Ficld Effect Transistor FM Tuner . cascode 2-stage

FET RF amplifiers and an FET mixer provide high

overload capability, excellent cross modulation and image

rejection. Sensitivity 1.8 uv. Features 4-gang variable

capacitor and 6 tuned circuits for extreme selectivity

under the most adverse conditions. Completely shielded
. completely assembled.

Two Calibrated Tuning Meters . . . for signal levels, for
center tuning — doubles as a VOM for check-out during
or after kit assembly. Plus automatic switching to stereo,
transformerless design, filtered outputs and a host of
other deluxe features. Full details in FREE catalog.

t Kit AR-15, (iess cabinet) 28 1bs. ... ............. $329.95
AE-16, assembled wrap-around walnut cab., 7 Ibs. . ... $19.95

AR-15 SPECIFICATIONS — AMPLIFIER SECTION: Dynamic Power
Output Per Channel (Music Power Rating): 8 ohm lood; 75 waotts.
Continuous Power Output, Per Channel*: 8 ohm locd; 50 waotts.
Power Bandwidth For Constant 0.5, Total Harmanic Distortion”:
6 Hz lo 25 kHz. Frequency Response (1 watt level): =1 db, 6 to
50,000 Hz. =3 db, 4 to 70,000 Hz. Harmonic Distortion: Less than
0.5¢; from 20 to 20,000 Hz ot 50 wotts output. Less than 0.2 ; of 1,000 Hz
with 50 watts gutput. Less than 0.2¢; at 1,000 Hz with 1 wait output. Inter-
modulation Distortion (60 Hz: 6,000 Hz=4:1) Less than 0.57 with
50 wotls output Less thon 0.2 with 1 wat!t output. Damping Factor: 45.
Hum & Noise: Volume control at minimum position; —B0 db. PHONO:
Channel Separation: PHONO; 45 db TAPE & AUX.; 55 db. Output
Impedance (each channel): 4, 8 & 16 ohms. FM SECTION (Mono):
Sensitivity: 1.8 uv*. Frequency Response: =1 db, 20 to 15,000 Hz.
Antenna: Bolonced input for exiernal 300 ohm ontenna, unbolanced,
75 ohm. Volume Sensitivity: Below measurable level. Selectivity:
70 db*. Image Rejection: 90 db. IF Rejection: 90 db minimum®*. Capture
Ratio 15db* AM Suppression: 50 db* Harmonic Distortion: 0.59,
or less*. Intermodulation Distortion: 0.5, or less*. Hum & Noise:
65 db*. Spurious Rejection: 100 db*. FM SECTION (Stereophonic):
Channel Separation: 40 db or greoter. Frequency Response: =1 db,
20 to 15,000 Hz. Harmonic Distortion: Less than 17 ot 1,000 Hz with
1007¢ modulation. 19 & 38 kHz Suppression: 55 db or greater. SCA
Suppression: 50 db. AM SECTION: Sensitivity: 12 microvolts of
1,000 kHz. Image Rejection: 60 db ot 600 kHz. 40 db of 1400 kHz.
{F Rejection: 70 db at 1,000 kHz. Harmonic Distortion: Less thon 1.5%,
at 400 Hz, 90° ; modulation. Hum & Noise: 45 db. Power Requirements:
105-125 or 210-250 volt 50/60 Hz AC. Dimensions: Overall, 1674
wide x 43" high x 141" deep.

*Rated IHF (Institute of High Fidelity} Standards.

Ll N I—IE.&.TI—IEI'I" -y
HEATH COMPANY, Dept. 10-5 C—j

Benton Harbor, Michigan 49022

plus shipping.

(Please Print)

State

Zip
Prices & specifications subject to change without notice.

HF-201
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K T
HEATHKIT 1967 FREE l
Qq__ DCAIALOGd 250 l 0O Enclosed is §
escribes these and over
v kits for stereo/hi-fi, color TV, ' Please send model (s)
amateur radio, shortwave,
test. CB, marine, educational, ' Name
l’ 28$ebandd Ahobt’J‘y. Save up to
— y doing the easy assem-
ﬁ&-_l_ blyoyomself. Mail coupon or l Address
write Heath Company, Benton . City
Harbor, Michigan 49022
s wo o e wm
May, 1967
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Learn, Enjoy

Kit GR-295

479%

(295 sq. inch viewing area)

Exclusive Features That Can’t Be Bought

In Ready-Made Sets At Any Price!

All color TV sets require periodic convergence and
color purity adjustments. Both Heathkit Color TV’s
have exclusive built-in servicing aids, so you can
perform these adjustments anytime . . . without
calling in a TV serviceman . . . without any special
skills or knowledge. Just flip a switch on the built-in
dot generator and a dot pattern appears on the
screen. Simple-to-follow instructions and detailed
color photos in the manual show you exactly what
to look for, what to do and how to do it. Results?
Beautifully clean and sharp color pictures day in
and day out . . . and up to $200 savings in servicing
calls throughout the life of your set.

Exclusive Heath Magna-Shield . . . surrounds the
entire tube to keep out stray magnetic fields and
improve color purity. In addition, Automatic De-
gaussing demagnetizes and ‘‘cleans” the picture
everytime you turn the set on from a ‘‘cold” start.
Choice Of Installation . . . Another Exclusive! Both
color TV’s are designed for mounting in a wall or
your own custom cabinet. Our you can install either
set in a choice of factory assembled and finished
Heath contemporary walnut or Early American
cabinets.

From Parts To Programs In Just 25 Hours. All critical
circuits are preassembled, aligned and tested at the
factory. The assembly manual guides you the rest

Heathkit Rectangular Color TV’s With Exclusive Self-Servicing

And Save... Build

Kit GR-180

537995**

(180 sq. inch viewing area)

of the way with simple, non-technical instructions
and giant pictures.

Plus A Host Of Advanced Features . . . a hi-fi
rectangular picture tube with *‘rare earth” phos-
phors for brighter, livelier colors and sharper defini-
tion . . . Automatic Color Control and Gated Auto-
matic Gain Control to reduce color fading and insure
Jitter-free pictures at all times . . . deluxe VHF
Turret Tuner with “memory” fine tuning . . . 2-
Speed Transistor UHF Tuner . . . Two Hi-Fi Sound
Outputs for play through your hi-fi system or con-
nection to the special limited-field speaker . . . Two
VHF Antenna Inputs — 300 ohm balanced and 75
ohm coax . .. 1-Year Warranty on the picture tube,
90 days on all other parts . . . plus many more
deluxe features. For full details, mail coupon for
FREE Heathkit catalog.

*Kit GR-295, everything except cabinet,

1311bs. . o $479.95
GRA-295-1, walnut cabinet (shown above)
56 1bs...19" D. x 31" H. x 34%" W.......$62.95

Deluxe contemporary walnut & Early American
cabinets also available at $94.50 & $99.95
**Kit GR-180, everything except cabinet,

1021bS. . v e $379.95
GRA-180-1, walnut cabinet (shown above)
41 Ibs...18%" D. x 28%"" W. x 29" H.. .. .$49.95

Early American cabinet available at $75.00

12" Transistor Portable TV — First Kit With Integrated Circuit

Kit GR-104

511995

Unusually sensitive performance. Plays anywhere . . .
runs on household 117 v. AC, any 12 v. battery, or optional
rechargeable battery pack ($39.95); receives all channels;
new integrated sound circuit replaces 39 components; pre-
assembled, prealigned tuners; high gain IF strip; Gated
AGC for steady, jitter-free pictures; front-panel mounted
speaker; assembles in only 10 hours. Rugged high impact
plastic cabinet measures a compact 115" H,x 15%" W
x 934" D. 27 lbs.

POPULAR ELECTRONICS



Your Own Heathkit® Electronics!

60-Watt Solid-State Guitar
Amplifier ... All The Features

Guitarists Want Most!

Worth $300! Two channels, 4 inputs handle ac-
cordion, guitars, organ or mike. Variable tremolo &
reverb. Two foot switches. Two 12" speakers. Line
bypass reversing switch for hum reduction. Leather-
textured vinyl cabinet of % ” stock. 28 W x 9" D x
19" H. Build in 12 hours. 52 lbs.

Kit TA-16

1°'129%

4-Speed Solid-State Portable
Phonograph Plays Anything
From Beatles To Beethoven

Kit GD-16

Worth At Least 50°; More! Assembtes in 1 to 2
hours . . . just wire one small circuit board, mount
the 4" x 6" speaker and plug in the preassembled
changer! Features automatic mono 4-speed play;
dual sapphire styli for 78's or LP’s; 45 rpm adapter;
olive and beige polyethylene over sturdy, pre-
assembled cabinet; 117 v. AC operation. 25 lbs.

New Solid-State High Impedance

Kit IM-25

80" s
$115)

Full scale ranges down to 150 mv & 15 «a, 10 ohms

center scale; all-silicon transistors plus FET’s; 6”

200 ua meter; + 3% accuracy on DC, +59% on AC;

1 9% precision resistors; built-in 120/240 v. AC or

battery power for portable operation; new unitized
construction. 10 lbs.

HEATHKIT 1967

e
o
g

World's Largest I
Etectronic Kit I
Catalog! |
Describes these and |
over 250 kits for stereo/ I
hi-fi, color TV, amateur
radio, shortwave, test,
CB, marine, education-
< al, home and hobby.
Save up to 50% by do- | Name

-

HEATH COMPANY, Dept. 10-5
Benton Harbor, Michigan 49022
In Canada, Daystrom Ltd.

[ Enclosed is §
Please send model (s)
I [T Please send FREE 1967 Heathkit Catalog.

New Low Price On Deluxe
Transistor 10-Band AM /FM /
Shortwave Portable . . . Save $20! |

Kit GR-43
Was $159.95

139

10 bands tune Longwave, AM, FM and 2 MHz to
22.5 MHz shortwave. Two separate AM & FM
tuners and IF strips. 16 transistors, 6 diodes and
44 factory assembled and pretuned circuits. 4" x 6"
speaker, earphone, time zone map, listener’s guide.
Build in about 10 hours. 19 Ibs.

, plus shipping.

ing the easy assembly

or write Heath Com-
pang. Benton Harbor,
Michigan 49022

May, 1967

yourself. Mail coupon E Address.

ey -
| Prices & specifications subject to change without notice. CL-288

_ State Zip
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FULLY EQUIPPED FOR
IMMEDIATE OPERATION

/93-CHANNEL CB
mobile and base station

WAM TRANSCEIVER

GREATER 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 convmced that
the Cobra 8AM-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
lluminated Dual-Purpose Meter

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

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

Carefully engmeered design makes the Cobra com-
pletely reliable and easy to operate. Completely
self-contained. Noadditionalcrystals needed. $ 21495

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

Export: Empire Exporters, 123 Grand St., New York 13, U.S.A. Also available in Canada
CIRCLE NO. 2 ON READER SERVICE PAGE
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LETTERS (Continued from page 10)

skating but to put it to controlled use. I feel

that the tone arm could be damped just

enough to allow the skating force to move

the arm at the proper rate of speed. Then

the stylus would be free to work on the

“wiggles” in the disc without having to move

the tone arm. Anti-skating devices defeat

this ideal situation, and actually introduce
another form of distortion.

STEVEN PAUGH

Audio-Visual Crew Chief

Portage Senior High School

Portage, Wis.

BACK ISSUES AVAILABLE

It is with great regret that I write this let-
ter. Due to a space problem, I have to dispose
of my back issues of PoruLar ELEcTRONICS. I
have all but ten issues from the first to the
present one. Rather than have the junkman
turn them into tinder, I would appreciate
it if you would publish my name and address
so that someone will have an opportunity to

éoo

| make better use of them. The first person

to send me $20, plus postage, will receive
them as soon as possible.

NorMaAN ROSENSPAN

180 Lenox Rd.

Brooklyn, N.Y.

I have an almost complete set of P.E,
from Volume 1, Number 1, to the present
(it’s minus two or three issues) that I would
like to sell for $20, plus shipping.

ELROY MAREZ
4039 Southmont Dr.
Montgomery, Ala. 36105

Volume 1, Number 1, to present (complete
set). Price, open for bids.

RoMaN RUCINSKI

3832 Bristow St.

Detroit 12, Mich.

Think twice before you decide to sell your
buck issues, fellows. All copies prior to No-
vember, 1963, are out of print, as well as
some recent ones. However, if you get any
calls for individual issues you don’t have, tell
your correspondents to contact Ziff-Davis
Service Division, 595 Broadway, New York,
N.Y. 10012. Issues that sold on the newsstand
for 35 cents will cost 50 cents; those that sold
for 50 cents will cost 65 cents.

POPULAR ELECTRONICS



POPULAR ELECTRONICS

READER SERVICE PAGE

You can get

additional information promptly
concerning

products advertised or mentioned
editorially
in this issue

1

Circle the number on the coupon below which corresponds
to the key number at the bottom of the adver-
tisement or is incorporated in the editorial mention that interests you. |

2

Mail the coupon to tHe address indicated below.

3

Please use this address only for Product Service requests.

.................................................................................

POPULAR ELECTRONICS
P. 0. BOX 8391
PHILADELPHIA, PA. 19101

Please send me additional information about the products whose code numbers | have circled
© 1 2 3 45 6 7 8 91011121314151617 1819 20 21 22 23 24 25
§262728 29 30 31 32 33 34 35 36 37 38 39 40 41 424344454647484950§
" 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 697071 7273 74 75
§76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 lOOg

" NAME (Print clearly)
| ADDRESS _
L CITY STATE ZIP CODE___
' VOID AFTER JUNE 30, 1967 s

...................................................................................




|
New Concord 300
Tape Recorder

unique portable with
automatic volume control and

L

reverse-a=-track®

*

No need to flip reels or rethread! With spe-
cial Reverse-A-Track, the unique Concord
300 records or plays continuously in both
directions to give you up to 6 hours of
uninterrupted operation on a standard 4" reel
—almost 50% longer than studio type
recorders using 7” reels! Among many
advanced-design features, this 614 I|b. solid
state electronics unit also includes automatic
volume control for voice recording...with
switch-off when you want volume variation for
recording music. Operates on batteries or
house current. Concord-designed and quality-
controlied for easy operation, optimum
recording and reproduction quality and
rugged reliability . . . and priced under $130!
See, hear this newest addition to Concord's
complete line of audio and video tape
recorders. Ask for a demonstration at your
Photographic, Hi-Fidelity or Radio-TV dealer.

Or Write Dept. v.5.
The Signature of Quality
AUDIO TAPE RECORDERS
C D N C D H D VIDEO TAPE RECORDERS

CLOSED CIRCUIT TELEVISION

EI—ECTRDN'CB CDRR COMMUNICATIONS PRODUCTS

1935 ARMACOST AVE.* LOS ANGELES, CALIFORNIA 90025

CIRCLE NO. 6 ON READER SERVICE PAGE
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ELECTRONICS

LIBRARY

TV TROUBLESHOOTER'S HANDBOOK

Derived from material that has appeared
in Electronic Technician magazine, this hand-
book is made up of service hints, circuit de-
scriptions, production changes, field service
notes, etc., for various makes and models of
TV receivers which have been manufactured
during the last four years. Although both
black-and-white and color receivers are cov-
ered, emphasis is on the former—probably
because there are more of them. The content
is arranged by make and model for easy ref-
erence, as is the comprehensive index at the
back of the book.

Published by Tab Books, 18 Frederick Rd.,
Thurmont, Md. 21788. Hard cover. 192 pages.
$6.95.

A% S vS N w N
MARVELS OF MEDICAL ENGINEERING

by Norman Corlisle and Jon Corlisle

The fantastic involvement of electronics in
medical diagnosis and treatment is evident
from this new book in the “Advances in Sci-
ence Series.” Written at an elementary level,
but abundantly illustrated, this book is an
up-to-date summary of how ultrasonics, laser
beams, computers, microminiature radio
transmitters, etc., assist doctors in saving
thousands of lives. The book is factual and
does not dwell on the “miraculous” or Sun-
day-supplement type of medical report.

Published by Sterling Publishing Company,
Inc., 419 Park Avenue South, New York, N.Y.
10016. Hard cover. 144 pages. $3.95.

ARE N s S we Y

101 WAYS TO USE YOUR OSCILLOSCOPE,
Second Edition
by Robert G. Middleton

Oscilloscopes have changed in the years since
this book was first published: wide-band
scopes are now standard equipment, and the
triggered-sweep scope can be found in the
better-equipped service shops. This well-
known handbook has been updated to cover
the newer scopes. Much of the book is related
to testing TV receivers; trouble-shooting the
various sections of both black-and-white and
color sets is discussed in detail. The use of
square waves to evaluate circuits and com-
ponents is explained, and time-constant
charts for some of the common circuits have
been added.

Published by Howard W. Sams & Co., Inc.,
4300 West 62 St., Indianapolis, Ind. 46206. 192
pages. $§2.95.

POPULAR ELECTRONICS



Be the man who’s always
first to say: “Pve got
the answer right here’’

START USING THIS REMARKABLE
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ELECTRONICS SLIDE RULE
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OME DAY EVERYONE in clectronics
S may have a slide rule like this. Till
then, the man who uscs one will scem
like a wizard as he solves reactance and
resonance problems in 12 to 20 seconds
—without pencit and paper.

This is a professional slide rule in
cvery detail, a full 10" long, made exclu-
sively for Cleveland Institute of Elec-
tronics, to our rigid specifications, by
Pickett, Inc. It can be used for conven-
tional computation as well as special
clectronics calculations. All-metal con-
struction assures smooth operation re-
gardless of climate.

Handsome top-grain leather carry-
ing case has heavy-duty plastic liner to
protect slide rule; removable belt loop
for convenient carrying. “Quick-flip”
cover makes it easy to get rule in and
out of case.

You also get four full-length AUTO-
PROGRAMMED™ Lessons, which
teach you how to use the special elec-
tronics scales on the slide rule. These
lessons have been carefully designed
to meet the same high educational
standards as the electronics carcer
courses for which our school is famous.
Even if you've never used a slide rule
before, you'll soon whiz through the
toughest problems with this CIE rule.

Deliberately underpriced. Many

men in electronics have told us that this
unique slide rule. leather case, and 4-
lesson course casily add up to a $50
value. But we have deliberately under-
priced it at less than $25. Why? Our
rcason is simple: we are looking for
men in clectronics who are ambitious

to improve their skills.

..who know that

this will require more training. If we
can attract you with the low price of
our slide rule and coursc—and impress

b

ou with its quality—you arc more

Cleveland Ins

likely to consider CIE when you
decide you could use more clectronics
training.

Send for free booklet, Scc for your-
self why this amazing slide rule and
course have made such a big hit with
busy electronics men cverywhere. No
obligation, of course—just an eppor-
tunity to get tn on the best offer ever
made to people in electronics. Just mail
coupon, or write Cleveland Institute
of Electronics, Dept. PE-132, 1776
East 17th St., Cleveland, Ohio 44114,

titute of Electronics

Cleveland Institute of Electronics

1776 East 17th Street Cleveland, Ohio 44114
Please send me without charge or obligation
your booklet describing CIE Electronics Slide
Rule and Instruction Course. ALSO FREE if

1 act at once: a handy pocket-size Electronics
Data Guide.

Name

1776 East 17th Street, Cleveland, Ohio 441 14

(please pring)

Address,

City

State.

Accredited Member Na

o

H A Leader in Electronics Training. ..

tional Home Study Council
Since 1934

PE-132

CIRCLE NO. 5 ON READER SERVICE PAGE
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Big 25” Color TV kits in i
cluded in new M
Egelort",gv program. You learn Color Tvaztnedr
£ .'p e big new 25” color TV receiver youy
uild with exciting kits we send you. d

10 million homes in thi

1S country will
colczir TV by .the end of 1967. Tl'?i/s ir|1duhsat¥e
needs technicians as never before, and NTS)»/

trained m . .
O en can move quickly into the big

LIFT OFF...To A “Space Age”

- Career In Electronics!

This is the ‘‘space age.”" It crackles with the
excitement of new discovery, new opportunities
—in communications, industrial electronics,
computer technology, closed circuit TV, and
many others. Automation has greatly expanded
the need for skilled electronics technicians in
thousands of manufacturing plants. Only the
well trained man makes it big intoday’s expand-
ing electronics market, and industry demands
this kind of man...the NTS man. What does it
mean for you? A lifetime career...not just a
job! Pick your field, and let an NTS Project
Method Program open up the wonderful oppor-
tunity-filled world of electronics to you.

COLOR TV
SERVICING BRINGS
HIGH PROFITS.

1lt\Jev_v color sets need car.
uning and skilled servicin NT

can put you in this profit picgt'ure—S i
I8 pay, security, or start a busine

New Electrenic developments are taking place all
over the weorld, and your training brings top pay
wherever you travel.

L N A
22z e
&7 ?
k&d
LiXL
%
52
{
/ = ¢

Train for a career in Electronic Controls, Trans-
mitter Operation, or get your FCC License—a
““must’” in communications work. All included in
your Master Program.

POPULAR ELECTRONICS

eful installation, precision
me training
prepare you for
ss of your own.

r—



NEW “Project Method”

CAREER KIT...

Fast, Easy Start
To NTS Home Training

NTS introduces the NEW exclusive Project
Method Career Kit—developed to help you move
into your training program quickly. It is practi-
cal and convenient; together with the shop-
tested Project Method lessons, this kit speeds
you toward earning extra money within a short
time.

Send today for the New profusely illustrated
NTS Color Catalog. It shows you all the equip-
ment and exciting kits you receive and keep.
Describes in detail all the advantages of NTS
Project Method Home Training—tells you every-
thing you need to know to get started.

HIGH SCHOOL AT HOME

National offers
accredited high
school programs.
Take only subjects
you need. Study at
2 your own pace.
7 Everything in-

— cluded at one
low tuition. Check special high
schoel box in coupon for full
information and FREE catalog.

NATIONAL @G SCHOOLS

WORLD WIDE TRAINING SINCE 1905
4000 So. Figueroa St., Los Angeles, Calif. 90037

CLASSROOM TRAINING
AT LOS ANGELES

You can take Classroom Yrain-
ing at Los Angeles in Sunny
Southern California. NTS occu-
pies a city hlock with over a
millien doflars in facilities
devoted exclusively to techni-
cal training.

o NATIONAL @5 SCHOOLS

PROGRAMS

MAIL REPLY CARD OR
COUPON FOR NEW,

FREE COLOR CATALOG
AND SAMPLE LESSON.

You enro!l by mail under NTS “No
Obligation' plan. We have no
salesmen: This means fower tui-

“ ey

n:‘ "‘_—

. NHSC S

tion for you. ] 2

H

3

Accredited Member National Home Study Council . 5
Member: National Association of Trade & Technica) Schools Foy

APPROVED
FOR

VETERANS

4000 S. Figueroa St., Los Angeles, California 90037

Please rush Free Color Catalog and Sample Lesson, plus detailed information on field

' checked below. No obligation.

I [ MASTER COURSE IN
I COLOR TELEVISION

I COLOR TV SERVICING

[J MASTER COURSE IN
ELECTRONICS-TV-RABIO plus
ADVANCED TV and INDUSTRIAL

I
I
!
,' ELECTRONICS
I
I

[ TELEVISION SERVICING
(including color lessons)

[J STEREO, HI-Fl and SOUND SYSTEMS
(] BASIC ELECTRONICS
(] ELECTRONICS MATH
[J HIGH SCHOOL AT HOME

(Dept 205-57)

(] ELECTRONICS-TV-RADIO SERVICING ... -
AND COMMUNICATIONS o S 2
! L] FCC LICENSE COURSE O Checl((; :f énltlerested in Veteran Training under
new G.1. Bill.

RADIO SERVICING

e
\
(AM-FM-TRANSISTORS)

O Check if interested ONLY in Classroom Training
at Los Angeles.

~------------- L 8 B N JB N N J ]
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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
fill in and wmail the coupon on page 15.

“‘BOOKSHELF’ FM STEREO RECEIVER

Said to be the first bookshelf-size solid-state
hi-fi stereo receiver, the ADC 606 announced
by Audio Dynamics measures only nine inches
deep (17”7 wide and 5” high). It delivers 30
continuous
watts per
channel. Usa-
ble FM sensi-
tivity is rated
at 1.6 xV; FM
frequency re-
sponse is vir-
tually flat to
20,000 hertz;
and the FM
stereo separation is over 35 dB. Total har-
monic distortion: 03¢. Among the many
front panel features of the ADC 606 are a
“log scale” dial face, stereo indicator light,
tape monitoring facilities, and a stereo head-
set outlet.

Circle No. 75 on Reader Service Page |5

“SILENT SECRETARY"

You simply place your telephone in the proper
position on Sonar’s Model JAM-2 “Silent
Secretary” as shown, plug the latter into a
117-volt outlet, and the JAM-2 will answer
your phone
automatically.
It will greet
callers in your
prerecorded
voice, and re-
cord and store
accurately all
information re-
ceived. Other
things the “Si- ;
lent Secretary” - i f
can do are take o i o
dictation,

monitor calls, and inform callers where you
can be reached in an emergency. It can be
used as a paging system, and as a telephone
amplifier. Completely solid-state, the JAM-2
is self-contained, lightweight, and portable.
And it works 24 hours a day.

Circle No. 76 on Reader Service Page 15

-
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“PROFESSIONAL” VTVM

Accurate measurements down to 0.01 volt are
possible with EICO’s Model 235 “Profes-
sional” vacuum-tube voltmeter. Operation of
the instrument is made easier by the use of
color coding to match the function and range
switches with
the arcs of the
easy-to-read 6”
meter, and by
use of a dual-
purpose a.c./d.c.
“Uni-Probe.”
Both p-p and
r.m.s. voltages
are read on sep-
arate scales in
seven overlap-
ping a.c. ranges
—up to 1500 volts
r.m.s.. 4200 volts )

p-p. Frequency response is 30 Hz to 3 MHz (to
250 MHz with optional probe). Measurements
can be made from 0.01 to 1.5 kV in eight over-
lapping d.c. ranges-—up to 30 KV with optional
prohe., The 1ll-megohm input makes for
negligible loading.

Circle No. 77 on Reader Service Page 15

SOLID-STATE STEREO FM TUNER

All-silicon transistors are used in the Knight
Model KN-290 stereo FM tuner, now being
offered by Allied Radio, for reliable perform-
ance., Features of the KN-290 include a built-
in tuning meter, a.f.c., a stereo indicator light,
and automatic multiplex switching. Sensitiv-
ity is 1.3 xV for 20 dB quieting; frequency
response, 30 to 15,000 hertz = 1.5 dB; signal-

to-noise ratio, 55 dB; distortion, less than 1%.
The KN-290 is compact—it measures 13” wide
by 10” deep by 3%s” high-—-and a handsome
oiled walnut wood case adds just $1 to the
price of the tuner.

Circle No. 78 on Reader Service Page 15

“‘QUICK-GRIP’ (B TRUNK MOUNT

No holes need to be drilled for a mobile CB
antenna with the new type of trunk mount
developed by Antenna Specialists. yet the
setup looks like a conventional permanent an-
tenna installation. The Model M-161 “Quick-
Grip” mount consists of a specially designed
clamp that slips over the edge of the trunk
lid, and is locked in place on the underside of
the lid. The mount is encased in an inverted
cone-shaped chrome-plated housing that over-
laps the edge of the trunk lid slightly, per-
mitting the connecting cable to be snaked
through to the trunk interior without show-
ing. Surface marring is prevented by a rubber

POPULAR ELECTRONICS



1 The pne antenna that does the werk of ch ee! Pulls

3 in beautiful color and crys:al clear blazk and white
»» pictires on both UHF ard YHF chanmels... plus
" the “inest sterecphonic ani moncphomic IV sound

FINCO ALL-BAND UHF-UHF-FM ANTENNA | oreduetion.
75 OHM NModel CX UvF-24 $72.10 List § 300-ohm models for nornzl recaplian a eas from

FINCO ALL-BAND UHF-W-F-FM ANTENNA SIBSE w0 55995

] 75 dhm models for poor recz3ticn araas from

300 OHM Model JVF-24 $59.95 List $37 €5 10 7210

75-ohm COLOR VE-LOG ANTENNAS
FOR UHF-VHF-FM RECEPTION

Finco's Swept-Elament Anterra challenges all com-
petitie. Its unicue desigr assures the finest color
ard black and white TV recegtion—plus superb FM
ard Ff4 Stereo tane quality.
300-07m models for normal raception areas from

$16.95 to $54.50
75-0hm models far poor recepton areas from

$18.55 0 $62.80

introduces /

FNCO SWEPT-ELEMENT VHF-FM ANTENNE
75 OHM  Model EXVL-10 $43.25 Lis:

FNCO SWEPT-ELEMENT VHF-FM ANTENNA
300 OHM Mcdel VL-10 $34.95 Lis:

FREE ALL FINCO EX-V1, CX-UVF AND UVF ANTENMAS COME WITH A FREE INDDBR SET-
=  MOUNTED TRANSFORMER, VHF-UHF TRANSFORMER SPLITTER OR VHF-UHF SPLITTER.

Send for free brochure 1

i THE FINNEY

]
oy COMPANY priams - ]
! I
Flﬁjygﬁ 34 ‘Mest Interstate Street : Address i
.Al:::::“‘ Dept. PE, Bedford. Ohio a City State 2 1:
A

CIRCLE MO. 8 ON READER SERVICE PAGE
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PROD“CTS (Continued from page 22)

grommet, which also keeps surface water
from entering the housing. The “Quick-Grip”’
mount will accept any existing antenna with
a %”-hole requirement; adapters are avail-
able to accommodate other hole sizes.

Circle No. 79 on Reader Service Page 15

SOLID-STATE PRIVATE TONE CALLER

For use with Lafayette 12-volt solid-state CB
transceivers, the new “Priva-Com III” tran-
sistorized private tone caller employs cer-
amic and resonant tuning fork circuitry
instead of conventional reed relayvs. Features
include: 9-transistor, 2-diode circuitry;
simple to oper-
ate push-button
switches for
standby, normal,

call and reset; (R H"“—;“
volume control e q »
and indicator - -

LAFAYETTE

Fon SEYTYTTY

light. It is sup- ugv

plied with B

mounting bracket, two plug-in tuning fork
filters, and connecting cable with plug for the
Lafayette HB-500A, HB-555, HB-525A, HB-
600, and HE-20T. The “Priva-Com III” is com-
patible with the “Priva-Com IV,” which is
intended for use with Lafayette HB-444/25
and Comstat 25 units. There is also a “Priva-
Com V” tone caller for tube-type transceivers.

Circle No. 80 on Reader Service Poge |5

SRiverR B

BEAM ANTENNA KITS

Interested in stacking CB beam antennas to
obtain additional gain? Mosley FElectronics
has kits available which include two “Scotch-
Master” beams, stacking harness, guy rope,
boon, necessary hardware, and concise as-
senibly instructions. The antennas in the
STACK'IT 3, SKT-3 are 3-element beams;
those in STACK'IT 4, SKT-4 have 4 elements;
and those in STACK'IT 5, SKT-5 have 5 ele-
ments. Up to 13 dB gain, compared to a refer-
ence dipole, can be obtained.

Circle No. 8] on Reader Service Page 15

STEREO HEADPHONE CONTROL CENTER

Olson Electronics’ Model PH-127 stereo head-
phone control center permits the use of two
sets of stereo head-

phones, with a
separate volume ;
control for each. It e

comes with a 3§’
cable with a three-
circuit plug to al-
low connection to
vour amplifier; this
plug can be re-
moved for connection to amplifiers that do
not have a phone jack. The Model PH-127
measures 5'4” wide by 3%” deep by 3'4” high.

Circle No. 82 on Reader Service Page 15
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COAXIAL SWITCH

A new single-pole, two-position coaxial switch
for amateur radio and CB use is available
from the Gold Line Con-

nector Company. Des- >

ignated as the Model
2 P, the switch has a
current-carrying capac-
ity of 9 amperes and a
power-carrying capacity
of 1000 watts. Clips and
rotor contacts are silver-
plated brass, and the
switch is insulated with
electrical grade laminated phenolic—which
provides protection against voltage break-
down of critical parts to 1000 volts r.m.s.

Circle No. 83 on Reader Service Page |5

PHILLIPS SCREW LAUNCHER

Starting Phillips screws in hard-to-get-at lo-
cations is said to be an easy matter with a
new launcher tool made by Vaco Products
Company. By means of a simple push-pull
operation of a sliding aluminum sleeve which
is part of the tool, the tough spring-steel
blades of the launcher expand in the cross-
slot of the screw head and grip it firmly.
Screw removal is equally easy. The Phillips
screw launcher is available in four lengths:
3,5, 7, and 9 inches.

Circle No. 84 on Reader Service Page 5

CONTROLLED IMPEDANCE SPEAKER SYSTEM

Since solid-state com-
ponents are bhelieved to
give best performance
over a narrow range of
load impedance, H. H.
Scott’s new S-11 three-
way speaker system has
an impedance range
carefully limited, by in-
tegrated engineering
development of both
speakers and crossover,
for optimum perform-
ance with today’s solid-
state receivers and am-
plifiers. Measuring 24~
x 14”7 x 11%4”, the S-11 system features a wal-
nut-finish air-suspension type of enclosure.

Circle No. 85 on Reader Service Page |5

&

COAXIAL ‘‘CABLEMATCH"

Something new in coaxial cable has been put
on the market by JFD Electronics. Called
the “Color-Shield-82 Coaxial Cablematch,” it
is a low-loss 82-channel cable which comes
with a 300-75 ohm matching transformer at-
tached—the transformer ties directly to the
300-ohm output of the antenna. Available in
three lengths (50, 75, and 100 feet), the cable
is equally effective for color and black-and-
white TV reception, VHF, UHF, and FM
stereo.

Circle No. 86 on Reader Service Page 15
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Squires E Sanders

THE diﬁerent KIND OF CB TRANSCEIVER

The 23 channel all solid state 23’er is unique. Outstanding performance is engineered
into its design ... deep down inside where you have to look carefully. Take transis-
tors for example . . . there are twenty-six {all silicon) — up to eight more than you see
in the average 23 channel set. They give performance with a capital “P” ... like the
exclusive ignition noise silencer which operates as a sec-
ond little receiver listening for ignition noise and chop-
ping it out ... and push-pull 100 modulation of the full
5 watt input . . . and an extra-sensitive receiver with
superbly flat AGC that literally pulls the weak signals up
out of the noise. The 23’er is different . . . and better. $235
ready for mobile installation. Power Supplies for base
station: Standard, $19.95; Master (electronically regu-
lated, with S meter) $39.50.

If you are interested in limited channel capability, see the
S-5-S, 5 channel twin to the 23'er. It has all of the bonus per-
formance features of the 23'cr for five channel operation.
$185 for mobile; use same power supplies. Set of channel 9
crystals included.

COMING SOON: The Modern Miracle in low cost 23 channel trans-
ceivers: S-S 23

See your dealer for details or write today to SQUIRES-SANDERS, INC., Box 319, Millington, N. §. 07946

CIRCLE NO. 33 ON READER SERVICE PAGE
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Here's the perfect blend of price, perfor-
mance and versatility. The Johnson Mes-
senger 100 offers a ready choice of mobile,
portable and base operation to satisfy
every communication need.

In your car the Messenger 100 features
6-channel operation, extremely low current
drain, built-in PA system, and provisions
for Tone Alert selective calling system.

The first quick change converts the Mes-
senger 100 to field operation in just a few
seconds. You simply add the accessory
Power Pack and get up to 8 hours of oper-

Quick change artist

ation on one charge. The nickel cadmium
battery can be recharged several times—at
any standard AC outlet.

The second quick change gives superb
base station operation by adding an an-
tenna and an AC power supply to the Mes-
senger 100. Just plug it in and you're on
the air. FCC type accepted and DOT
approved.

Want to know more about our quick
change artist? Ask for information on the
Johnson Messenger 100. The coupon
makes it easy.

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

B and performance.

r A
: Please send me information on the Messenger 100 and the :
| complete Johnson CB line. i
|
h —~® : Name I :
E.F. JOHNSON COMPANY | Addes {
2432 Tenth Ave. S.W., Waseca, Minn. 56093 { City. State Zip :
Providing nearly a half-century of communications leadership 1
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INTRODUCING
THE FET SET

A RADIO RECEIVER WITH A
POWER DRAIN SO LOW
THAT IT PLAYS FOR A YEAR
ON A 6-VOLT BATTERY

HAT IS a FET set? It is an ultra-
modern version of the once-popular
tube-type regenerative receiver, with the
vacuum tubes directly replaced by field-
effect transistors—the high-impedance
solid-state devices that “think’ and act
like tubes. The FET set is battery-opera-
ted and able to pull in BCB DX stations
with more selectivity and sensitivity than
you would expect from such a simple
circuit.
So, if you have an evening or two to
spare, and the $10-15 required for all the
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By JACK ALTHOUSE

parts, you'll be in for a rewarding ex-
perience building the FET set. And you'll
have the satisfaction of knowing that
you are working with the very latest
member of the transistor family—the
FET.

How It Works. The theory of operation
of the field-effect transistor is discussed
in detail in the February, 1967, issue of
PoruLar ELECTRONICS (page 47) and is
summarized on page 30 of this issue.

The circuit for the FET regenerative
receiver is shown in Fig. 1. Field-effect
transistor @/ functions as a regenerative
detector in a Hartley circuit arrangement,
while Q2 operates as an audio amplifier.

Signals at the antenna appear across
L!, and the desired frequency selected
by tuning capacitor C1I is induced in L2
and applied to the gate of Q1. Since the
circuit is regenerative, a portion of
the signal at the drain is fed back to
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the gate. The amount of feedback is con-
trolled by C3. The gate is self-biased
by R1, bypassed by C2. Coil RFC1 elim-
inates r.f. from the output circuit.

The detected audio is developed across
R2 and is coupled to the gate of Q2
through capacitor C4. Transistor @2’s
gate is returned to ground through R3,
while R}, bypassed by C§, provides self-
biasing for this transistor. The amplified
audio at @2's drain is reproduced by the
magnetic headphones.

Construction. The author's FET set is
housed in a 7”7 x 5” x 3” aluminum box,
with the tuning and regeneration con-
trols mounted on the front panel. If you
like this arrangement, begin construc-

PARTS

B1-—6-volt lantern battery
C1-—Midgct 409-pF variable capacitor (Allicd
) Radio 43 4 3524 or similar)

€2, C5-—10-ulF, 10-volt miniature clectrolytic
capaclor
C3-50-p1° wvariable capacitor (Hammariund

MC-50-5 or similar)
C4-—0.01-ul paper capacitor
L1, L2—>sec iig. 3

01, (02 2N4360 p-channel FET (Fairchild)
R1, R2--22 000-0hm, Yi-walt resistor

R3—470,000-0lm, V4-walt resistor

R4—10,000-0hm, Vi-watt resistor

RFC1-—10-mll r.|. chokc ( National Radio R-50
or similar)

TS1-—3-lug terminal strip

tion by first laying out and drilling mount-
ing holes for the tuning dial (C1), re-
generation control (C3), and L1-L2 coil
form, and the circuit board, following the
general arrangement shown in Fig. 2.
Then cut out a suitable sized slot
through the top of the box to mount the
terminal strip (7S7) that serves to con-
nect the battery, headphones, and an-
tenna to the receiver. Make sure there is
enough clearance so that TSI1's termi-
nals won't ground out against the chassis.
Now lay the box aside temporarily.
Secure a 1”-diameter by 4”-long plastic
or cardboard coil form and drill the
holes called for in Fig. 3; two holes are
required at each end of the LI and L2
windings. Following the instructions giv-

LIST

1—-Puir of maguctic headphones, 2000 olms or
higher

1—7" x 57 x 3”7 aluminum box (LB TF-782
or similar)

1—215" x 3”7 perforated unclad circuit bourd

22~—Push-in terminals (Vector T-28 or similar)

Alisc—Coil form (37 long x 17 dia.), knobs
(2), 1”7-long 6-32 threaded spacers (2), 34”-
long 0-32 threaded spacers (2), ground lugs
(2), 6-32 x 4" screws (10), 6-32 nuts (2),
F#26 enameled wire, solder

*Available from Glassman Electronics, 20
Hampton Rd., Massapequa, N. Y, 11758, at
$1.25 each. Minimum order is $5; postage paid
in U.S.A.

TSI
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1
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Fig. 1. This FET set schemat-
ic shows an updated version
of one of the most popular
radio receivers of the '30's
—the regenerative receiver.
Here, field-effect transis-
tors are used to repiace the
once mighty vacuum tubes.

Q2
2N4360
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Fig. 3. To fabricate the
antenna/oscillator coil
(L1-L2), close-wind
the indicated number

of turns of #26 Form-
var enameled wire on a
4" length of 1”.diam- H
eter polystyrene, phe- i / |
nolic or cardboard form. g

COIL FORM
MOUNT ING

Ul SCREWS

|
E
|

TUNING
DIAL —___
3

i

Cl RCUIT BOARD
MOUNTING SCREWS

Fig. 2. Start construction by drilling holes in the
aluminum box to accommodate the tuning dial shaft
and regeneration control. Then drill mounting holes
for the circuit board and coil form as shown here,

en in Fig. 3, wind LI and L2 on the
form. Thread the free end of each lead
down through one hole and back up
through the other to hold the wire in
place. When winding L2, form a loop
about an inch long and twist it together
at the 25th turn from the left end; this
is your coil tap. Finish winding the coil.

Now refer to Fig. 4 and install the coil
in the box, using 1”-long threaded spac-
ers to support it. Do not use any shorter
spacers, since the coil must be kept at
least this distance from the metal box.
Mount the tuning (C1) and regenera-
tion (C3) controls on the front panel
and set the unit aside.

Using Fig. 4 as a guide, assemble the
small parts on a 2Y,” x 3” perforated
circuit board. Flea clips can be used to

May, 1967

—=TO Ql,s
GATE

2-1/2"
MOUNT ING
HOLE(2)

|
1
|'|"|’W""|'|'I'i'i'|'|'|’|!|’I"
USE#27DRILL
L2 DRILL 8 HOLES
{2-1/2 CLOSE WOUND) 3/i6" APART

\TAP AT 25 TURNS USE # 60 DRILL

{(FROM LEFT END}
TWIST TIGHTLY

EIE
:

WIRE IS # 26 GAUGE ENAMEL,NYCLAD, OR FORMVAR

Fig. 4. The parts layout for the FET set is not

critical, but the coil should be mounted at least
1 inch away from the metal box to avoid upsetting
circuit Q. Mount the circuit board on 34" spacers.

interconnect the leads. Once completed,
mount the board on two diagonally-
placed 34" threaded spacers. Place a #6
grounding lug under the head of one of
the mounting screws, and connect the
common bus from the circuit board to
this point.

Complete the remaining point-to-point
wiring, using the schematic diagram
(Fig. 1). After carefully checking your
work, connect the battery (observe po-
larity), headphones, and antenna lead to
TS1. As with any regenerative-type re-
ceiver, a good antenna and ground are
a must. Use an inverted-L antenna—at
least 75 feet long—placed as high as
possible above the ground. The set's
ground connection should be to a water-
pipe.
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Since no power switch is provided for
the battery, you can only disconnect it
by removing its leads from the terminal
strip. However, if you use the recom-
mended 6-volt lantern battery, you can
get about a year’s play out of the radio
before having to change the battery. Of
course, you can also use a regular 9-volt
transistor battery if you wish, but this
battery will not last nearly as long. Do
not operate the FET set at potentials
over 9 volts.

Be sure to use the recommended mag-
netic-type headphones and not a crystal
type, since Q2’s drain current must re-
turn to the source through the head-
phones. Low-input headphones will not
provide adequate volume.

Operation. To tune for a station, turn
the regeneration control fully clockwise
while setting your tuning dial. Then slow-
ly turn the control counterclockwise to
reduce the amount of regeneration until

the detector quits oscillating. At that
point, your station will come in. Now
retune the dial slightly to peak the sta-
tion.

As you tune across the band, the regen-
eration control will have to be readjusted
slightly. On strong local statiens, it will
have to be turned down considerably to
act as a volume control.

Possible Modification. After you have
become well acquainted with the opera-
tion of your FET set, you may want to
change L1 to optimize it for your partic-
ular antenna, its location, and reception
requirements. For example, if you are
getting interference from a strong sta-
tion over most of the band, remove three
or four turns from L1. This reduces over-
loading while increasing the selectivity
of the set. If you live in a poor signal
area, you can increase the receiver gain
by adding about five turns or so to L1,
or making the antenna longer. —B3o-

A field-effect transistor, variously called
FET, JFET, IGFET and MOST or MOSFET,
does not operate like a conventional bi-polar
transistor. Rather, it controls current flow
by means of an electrostatic field, and oper-
ates more like a vacuum tube—but requires
no heater power. It has high-input im-
pedance like a tube, and less circuit loading
than a conventional transistor. Other ad-
vantages of the FET include lower inherent
noise, and greater sensitivity to weak
signals.

In the diagram above, observe the similarity
between a p-channel FET amplifier (A) and

HOW A FET OPERATES

a comparable vacuum-tube amplifier (B).
Note the difference in the polarity of the
operating voltages. The vacuum tube al-
ways requires a plus (+) voltage on its
plate, while the p-channel FET requires a
minus (-) voltage on its drain, the corre-
sponding electrode.

Observe, also, that the tube operates with
a negative grid bias while the p-channel
FET operates with a positive gate bias. To
avoid the use of a separate bias supply, a
self-biasing arrangement can be substituted
as shown in (C). This is the scheme em-
ployed in the “FET SET" circuit.

30
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FOUR-WAY
ADAPTER LETS

UP TO
FOUR PEOPLE 7
LISTEN TO o
A TRANSISTOR =
RADIO
AT THE SAME
TIME

D O YOU enjoy a good ball game more

if, at the same time you are watch-
ing it in the ball park, you can hear the
commentary on the plays and players
over your transistor radio? If you do,
you probably use the earphone rather
than the speaker, so as not to disturb
your neighbor. Since hardly anybody
goes to a ball game alone, the fact that
most radios have only one earphone jack
presents a problem. You can solve the
problem by making an inexpensive, easy-

J L

4

1

One to four earphones can be plugged into this tran-
sistor radio adapter. Use either open-circuit jack
for one phone, any two jacks for two; do not use
one of the closed-circuit jacks for three; use all
jacks for four. You may have to turn up the volume
control a bit to compensate for the split load.

QIL_ﬁ
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to-build four-way earphone adapter.

The circuit for the adapter, shown in
the diagram, is simple. You can mount
the four miniature phono jacks on the
sides of a small 1%:” x 1" x %" plastic
box. Two of the jacks are open-circuit
types, and two are closed-circuit types.
This arrangement helps to keep the im-
pedance of the earphones matched to the
radio.

When one earphone is used, it should
be plugged into one of the open circuit
jacks. When two earphones are used,
any two jacks will do—whichever way
the sound is best. If both earphones
match the radio individually, there will
be a 2 to 1 mismatch—not enough to
cause any trouble. If three earphones
are used, one of the closed-circuit jacks
should be left empty; the mismatch will
then be less than 2:1.

When four earphones are used, they
will be matched to the radio, but since
the radio will be supplying so many
earphones, the volume in each will be
less than would ordinarily be the case.
However, if the radio has a fresh bat-
tery, there will be enough reserve sig-
nal volume to supply everybody’s needs.

—Alex. F. Burr
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A DAY IN A 1985 SCHOOL

A
DUBIOUS
TALE

ALTHOUGH history books are replete
with accounts of the Spanish explora-
tion of America, few books tell of a small
colony that settled on the Scandinavian
shores. This colony was called “El Ektrik.”

The Spanish had chosen a poor site and
the only means of survival was to harvest
and live off the currants that grew in the sur-
rounding forests. But this was not easy, for
Norsemen raiding parties forced the colonists
to fight for their crops. The colonists needed
a battery of vaults to protect their harvest.

The currants were perishable, but the lead-
er of the colonists, who had been schooled
in England, had a good idea. “Let’s store
the ’arvest in our cool 'omes.”

And so they did, with such success that in
a few years the leader began to worry about
the inadequate vaultage and the unpredicta-
ble alternating currant production.

Two brilliant El Ektricians, Al Gebra and
Geo. Metry discovered that the vaultage re-
quired was proportional to the currant pro-
duction and to the number of homes in the
settlement. Thus, they convinced the leader
of the colonists to pass a new law that enu-
merated the maximum number of homes per
vault, or:

vaultage = currant times ‘’omes

Of course, you and I know that this law

came down through the ages as ‘'omes law.
—Errol J. Queen
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bé ELL, son,” I said to my weary look-
ing offspring, “it's a beautiful day, but
you look like you had a rough one.”

“Yeah, pop, it was pretty miserable. Those
moving sidewalks between classrooms are on
the fritz and I had to walk all over the build-
ing. And, when I finally got to my advanced
bio-physics class, I found that the computer
center had sent over a substitute teacher. A
real cornball with field-effect transistors and
all that old junk. I didn’t know they kept
anything older than large-scale IC's on the
premises.”

“I can see why you’re tired,” I commented
in unfeigned understanding of his plight.

“That was nothing. You should have seen
what I was stuck with in my astrophysics
calculus class.”

“What?”

“My ILLIAC Mark XXXV had to go for
maintenance and I did all of my logarithms
on an analog computer. I'll bet even you
had it easier back in the 60’s.”

“We sure did,” I answered, feeling a twinge
of self-reproach. ‘“The only things I remem-
ber breaking were pencil points. But, then.
our math was so simple we always did it in
our heads . ..

“By the way, son,” I added, “how are your
grades this quarter?”

“Oh, they're okay. With my A-plus in
muscular cytology and my B-minus in Baby-
lonian cuneiforms, I'm a cinch to pass the
fourth grade.” —Jerry Kruczek

POPULAR ELECTRONICS



BUILD THE

ATl TN
ELECTRONIC
. -

STETHOSCOPE”

SOUND AMPLIFIER
HELPS PINPOINT TROUELES

IN MACHINERY,
TRACK DCWN MECHANICAL
VIBRATICNS,

AND LISTEN TO
WEAK SOUNDS

Moy, 1967

By SAL STELLA

ITH THE “Electronic Stethoscope”

to help sharpen your hearing, you
can quickly trace a trouble in a car’s en-
gine to its source, locate a faulty bearing
in an electric motor, or check the flow
of liquids through pipes, feed linss, and
valves. As a matter of fact. the zpplica-
tions of the unit are limited only ky your
imagination.

The stethoscope is used to amplify
weak sounds or other mechanical vibra-
tions. As the pickup end of the stetho-
scope approaches the sound source, the
output ‘“signal” from the pickup becomes
stronger. Because the signal is strongest
at the closest point to the source, it is
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Fig. 1. Both gh and lowampedance inputs (J1
and 12, respectively) are provided for & wvarieby
2 of pickups. The output impedance of B8 ohms (13}

PARTS LIST
B1-—9-volt battery
J1, 13—Miniature open-circuit phonc jack
J2—Miniature closed-circuit phonc jack
R1—10,000-0hm potentiometer (with switch)
S1-—S.p.s.t. switch (mounted on R1)
T1-—Impedance-matching  transformer (Lafay-
ctte Radio Elcctronics 99 C 6034 or similar)
1—Five-transistor audio amplifier module ( La-
fayette Radio Elcctronics 99 ' 9037 or simi-

lar)

1-—Under-the-chin low-impedance dynamic head-
phone

1—High-impedance headphone for pickup—sce
fext

1-—Crystal or dynamic phono cartridge
1—5" x 3" x 27 (approx.) plastic or metal box
Misc.—Sheet wmetal, wood, magnet, solder, flat

picce of iron or steel, nuts, bolts, spaccrs, ctc.

easy to pinpoint a noisy or defective
mechanical component.

Construction time for the ‘“Electronic
Stethoscope” shouldn’t be longer than
three hours. And the cost of the unit is
only about $10—a considerable saving
over the prices of many commercially
available electronic stethoscopes.

How It Works. As shown in Fig. 1, the
“Electronic Stethoscope” is built around
an audio amplifier module. Power for the
amplifier is supplied by a 9-volt battery,
B1; potentiometer RI functions as a vol-
ume control; and jacks J2 and JI serve
as inputs for a low-and a high-impedance

34

allows for the use of a low-mpadance headphaone

J43

MODULE

J2-+

Fig. 2. A miniature 8-ohm speaker and a selector
switch can be mounted on the case to provide a
choice of either headphone or speaker output.

signal source, respectively. The purpose
of transformer 71 is to match a high-im-
pedance source to the amplifier's low-
impedance input. In order to obtain a
continuous circuit when the low-imped-
ance input is not in use, J2 must be a
closed-circuit jack.

The device used as a microphone to
pick up sound is a small crystal head-

POPULAR ELECTRONICS



Fig. 3. The pickup should be mounted on a small
but strong magnet. The probe consists of a wood
handle with a flat piece of iron bolted to one end.

spacers or some washers to maintain a
suitable clearance between the amplifier
and case. Another small case can be
used to ‘store the pickups and magnets.

To make a hands-free mount for the
sound pickup (microphone), attach the
small headphone unit to a magnet. Cut
the head off a 1%, ”-long #6 or #8& ma-
chine screw (whichever will make a bet-
ter fit), and insert the screw into the ear-
piece as shown in Fig. 3. Secure it in
place with a drop of cement. Bolt the ear-
piece assembly to the magnet, being
careful not to overtighten it. The magnet
shown can be obtained from most hard-
ware and department stores.

You can make a suitable probe for get-
ting into hard-to-reach places with the
pickup by attaching a small flat piece of
steel or iron to one end of a 24”7 x 1”7 x 1”7
piece of wood (see Fig. 3). The size of
the metal is not important, but it should
be large enough to accommodate the
magnet. The end of the metal should be
cut to a point to obtain maximum reso-
lution of the trouble area.

An inexpensive crystal or ceramic
phono cartridge connected to the ampli-

After finishing construction, label the Y

controls and jacks. The magnets, pick-
ups, headphones, etc., can be stored
in a small plastic case when not in use.

phone of the type used with pocket-sized
portable radios. An old crystal or ceram-
ic phono cartridge will make a relatively
inexpensive mechanical vibration sensor.
Sounds or other mechanical vibrations
sensed by the pickup are amplified and
fed through J3 to a low-impedance un-
der-the-chin headphone.

Construction. Either a plastic or a
metal case measuring about 5” x 3”7 x 2”7
can be used to house the battery and
amplifier module. Transformer T1 can be
mounted by soldering one of its mount-
ing tabs to the outer conductor lug of
J2 as shown in Fig. 2. Use !'4”-long
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fier's high-impedance input can be used
to pick up mechanical vibrations. Attach
the cartridge to another long piece of
wood to make a convenient probe.

If you attach a metal clip to the steth-
oscope, you'll be able to hang the unit on
your belt. The clip can be made from a
1”-wide by about 3”-long piece of' 22-
gauge sheet metal that has been bent to
a shape roughly resembling a money clip.
In fact, you can use a money clip. Mount
the clip on the back of the amplifier case.

With only a little practice, diagnosing
mechanical troubles with the ‘“Electronic
Stethoscope’ should be second-nature to

you. -f30-
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You can earn more money

if you get an FCC License’

...and here’s our famous CIE warranty that
you will get your license if you study with us at home

NoT SATISFIED with your present in-

come? The most practical thing
you can do about it is “bone up” on
your electronics, pass the FCC exam,
and get your Government license.

The demand for licensed men is
enormous. Ten ycars ago there were
about 100,000 licensed communications
stations, including those for police and
fire departments, airlines, the merchant
marine, pipelines, telephone companies,
taxicabs, railroads, trucking firms, de-
livery services, and so on.

Today there are over a million such
stations on the air, and the number is
growing constantly And according to
Federal law, no one is permitted to
operatc or service such equipment
without a Commercial FCC License or
without being under the direct super-
vision of a licensed operator,

This has resulted in a gold mine of
new business for licensed service tech-
nicians. A typical mobile radio service
contract pays an average of about $100
a month. If’s possible for one trained
technician to maintain cight to ten
such mobile systems. Some men cover
as many as fifteen systems, each with
perhaps a dozen units.

Coming Impact of UHF

This dcmand for licensed operators
and service technicians will be boosted
again in the next 5 years by the mush-
rooming of UHF television. To the 500
or so VHF television stations now in
operation, several times that many
UHF stations may be added by the li-
censing of UHF channcls and the sale
of 10 million all-channel sets per year.

Opportunities in Plants

And there are other exciting opportu-
nities in aerospace industrics, electron-
ics manufacturers, telephone compa-
nies, and plants operatcd by clectronic
automation. Inside industrial plants
like these, it’s the licensed technician
who is always considered first for pro-
motion and in-plant training programs.
The reason is simple. Passing the Fed-
eral government’s FCC exam and get-

ting your license is widely accepted
proof that you know the fundamentals
of electronics,

So why doesn’t everybody who *“tink-
ers” with electronic components get an
FCC License and start cleaning up?

The answer: it's not that simple. The
government's licensing exam is tough.
In fact, an average of two out of every
three men who take the FCC exam fail.

There is one way, however, of being
pretty certain that you will pass the
FCC exam. And that is to take onc of
the FCC home study courses offered by
the Cleveland Institute of Electronics.

CIE courses are so effectiye that bet-
ter than 9 out of every 10 CIE-trained
men who take the exam pass it...on
their very first try! That's why we can
afford to back our courses with the
iron-clad Warranty shown on the fac-
ing page: you get your FCC License or
your money back.

There’s a reason for this rcmarkab]c
record. From the beginning, CIE h
specialized in electronics courses dc-
signed for home study. We have devel-
oped techniques that make learning at
home easy, even if you've had trouble
studying before.

In a Class by Yourself

Your CIE instructor gives his un-
divided personal attention to the les-
sons and questions you send in. It’s like
being the only student in his “class.”
He not only grades your work, he an-
alyzes it. And he mails back his correc-
tions and comments the same day he
receives your assignmcnt SO you can
read his notations while everything is
still fresh in your mind.

Mail Card for Two Free Books

Want to know more? The postpaid re-
ply card bound-in here will bring you
frce copies of our school catalog de-
scribing opportunities in clectronics,
our teaching methods, and our courses,
together with our special booklet,
“How to Get a Commercial FCC Li-
cense.” If card has been removed, just
send your name and address to us.

Matt Stuczynski,
Senior Transmitter
Operator, Radio
Station WBOE

“I give Cleveland
Institute credit for

my First Class ‘i':ﬂ-
Commercial FCC

License. Even \‘

though I had only six weeks of high
school algebra, CIE’s AUTO-PRO-
GRAMMEDTM jessons make elec-
tronics theory and fundamentals casy.
I now have a good job in studio
operation, transmitting, proof of per-
formance, equipment servicing. Be-
lieve me, CIE livesup to its proniises.”

Chuck Hawkins,
Chief Radio
Technican, Division
12, Ohio Dept.
of Highways

“My CIE Course
enabled me to pass
both the 2nd and 1st
Class License
Exams on my first
I had no prior clectronics

attempt... g
training cither. I'm now in charge of

Division Communications, We ser-
vice 119 mobile units and six base
stations. 1t’s an interesting. challeng-
ing and rewarding job. And incident-
ally, I got it through CIE’s Job Place-
ment Service,”

Glenn Horning,
Local Equipment
Supervisor,Wesfern
Reserve Telephone
Company

“There’sno doubt
about it. I owe my
2nd Class FCC Li-
cense to Cleveland
Institute. Their FCC
License Course really teaches you
theory and fundamentals and is par-
ticularly strong on transistors. mobile
radio. troubleshooting and math. Do
1 use this knowledge? You bet. We're
installing more sophisticated clec-
tronic gear all the time and what 1
learned from CIE sure helps.”

ENROLL UNDER G.I. BILL
All CIE courses are available under
the new G.I. 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. Bill information.

Cleveland Institute of Electronics

cli

Accredited by the Accrediting C

Madulat:

* Single Sideband Techniq

36

1776 E. 17th St., Dept. PE-54, Cleveland, Ohio 44114

of the Nati
of electronics fundamentals plus such up-to-date

| Home Study CounCIl, and the only home study school to provide complete coverage

pplicati as: Micr iaturization ¢ Laser Theory and Application « Suppressed Carrier

« Logical Troubleshooting * Boolean Algebra » Pulse Theory * Timebase Generators..

.and many more.
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of success in obtaining a
Government FCC License

The Cleveland Institute of Electronics hereby warrants that
upon completion of the Electronies Technology, Broadcast
Engineering, or First-Class FCC License course, you will be
able to pass the FCC examination for a First Class Com-
mercial Radio Telephone License (with Radar Isndorsement) ;

OR upon completion of the Electronic Communications
course you will be able to pass the FCC examination for a
Second Class Commercial Radio Telephone License;

AND in the event that you are unable to pass the FCC test
for the course you select, on the very first try, vou will re-
ceive a FULL REFUND of all tuition payments.

This warranty is valid for the entire period of the com-
pletion time allowed for the course selected.
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President
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BUILD A

STACKED-ANTENNA
AM RADIO

TWO ANTENNAS
CAN BE
BETTER THAN ONE

By ART TRAUFFER

'T IS a well-known fact that you can in-
crease a radio’s sensitivity simply by
using a better antenna. The technique of
stacking two or more antennas in paral-
lel is also well known. Since the ferrite
loopstick has taken the place of outdoor
antennas, particularly for local reception
of AM broadcast programs, why not try
stacking two loopsticks ?

You can’'t just connect two loopstick
antennas in parallel, however, because
these antennas are also used to form the
tunable tank circuit at the head end of
the radio. When you connect two coils in

PARTS LIST

BI1—1.5- or 3.0-volt battcry

C1—10- t0-365 pF miniaturc tuning capacitor

C2—10-uF, 10-volt electrolytic capacitor

DI1—1N344 diode

L1, L2—Adntenuna coils—see text

Q1—2N217 transistor

R1—220,000-0hm, Vs-watl resistor

Misc—Headphoncs, battery holder, hookup wire,
ctc.

Stacked ferrite core antennas (L1 and L2) provide
an AM radio with increased sensitivity to incoming
signals. Since the antennas also form part of a
tunable tank circuit, they must be specially wound.
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parallel, you decrease their total induc-
tive reactance and shift the band of fre-
quencies covered. But, with a little do-it-
yourself activity, you can make them
work for you. It is necessary only to dou-
ble the inductive reactance of each an-
tenna, so that the total reactance of the
two when in parallel is the same as for
the one that would ordinarily be used.

You can build a small two-loopstick
radio in about an hour, and at a cost of
less than $5.00.

How It Works. The circuit shown here
is that of a simple crystal type radio
with one stage of amplification. Coils L1
and L2 act as the antennas, and con-
nected across C1, they form a resonant
circuit that can be tuned across the AM
broadcast band.

When a signal is picked up by LI and
L2, it is detected by DI and capacitively
coupled to amplifier stage Q1. After am-
plification, the demodulated signal is fed
to the headphones.

Power for the circuit is supplied by a
Y4- or 3-volt battery, B1. Resistor RI
provides forward bias for @1, and allows
it to operate as a simple Class A ampli-
fier.

Construction. The best way to build
this circuit is to breadboard it. Parts
layout is not critical, except for L1 and
L2 which must be mounted two or three
inches apart and parallel to each other
for best results.

The antennas, L1 and L2, are wound
on 7%”-long by 0.33”-diameter ferrite
rods using #24 enameled and cotton-
covered wire. Wind 125 turns of wire
evenly spaced along the length of the
rods. Both coils must be wound in the
same direction. As you wind L2, strip
back the cotton and enamel insulation at
several places along the rod and ‘“‘break
out” into small loops, to make the taps.
Then use wax or coil dope to hold the
wire in place.

No power switch is needed since all
you have to do to break the circuit is
unplug the headphones from the radio.
However, if you decide to wire the head-
phones directly into the circuit, connect
an s.p.s.t. switch in series with either
connection to B1. Use the alligator clip
to select the tap that gives you best re-
ception. —Bo-

POPULAR ELECTRONICS



MINI-VERB

BUILD
- THE

ONT

“MINI-VERB”

EVERBERATION systems are offered
as ‘‘accessory’ equipment with many
cars, included in many high fidelity sys-
tems or electronic organs, and even in
public address amplifiers. Reverb sys-
tems give music a warmer tone and add
a feeling of spaciousness by simulating
the reverberation—or echo—effect of
large concert halls. A car—or even the
average living room—is not big enough
to have an audible natural reverberation.
So adding electronic reverberation makes
the reproduction more pleasant and gives
a feeling of concert-hall space.

The ‘“Mini-Verb,” an improved and up-
dated version of the system described
in PoPULAR ELECTRONICS, Feb., 1966, was
originally built for use in a car. It was
miniaturized by using a smaller delay
line than the one in the older system.
However, it is also usable with your
home hi-fi installation and can be hooked
up to most stereo systems with little
trouble. Quality and output power have
been kept high in spite of the fact that
the size has been brought down,

May, 1967

By DANIEL MEYER

IMPROVED AUTO REVERB
CIRCUIT USES NEW
MINIATURIZED UNIT;
SUITABLE FOR ATTACHMENT
TO STEREO HI-FI RIGS

A standard high-fidelity solid-state
circuit is used in the amplifier. The
transformerless class-B output stage will
deliver at least 3 watts into a 3.2-chm
speaker with less than 1% distortion.
Silicon transistors are used throughout
for maximum temperature stability.

The small delay line reverb unit (Gibbs
Type VII) makes possible a compact sys-
tem that can be installed almost any-
where. The case measures 2”7 x 23,” x
6” and includes the fader control and
power switch. If you have room in your

4]



"61BBS"
TYPE 7
REVERB UNIT
[///////M///////J

IR (1

Fig. 1. In an automobile instaliation, reverberation is achieved by delaying and ‘‘reverb’ing' the sound from
the rear seat speaker. The delay of sound fools the ear into believing the sound is in a large concert hall.

Cl1.C7- 10-uF, 15-volt clectrolytic capacitor

C2-—30-ul, 6-volt electrolytic capuacitor

C3, C4—5-uF, 15-volt clectrolytic capacitor

C5-—200-uk, 6-v0lt electralytic capacitor

C6-—500-uk, 25-volt electrolytic capacitor

C8& 100-uF, 15-volt clectrolytic capucitor

DI, D4 1N645 silicon diode, 600-m!

D2, D3 1N3754 single-ended dinde ( RCA)

F1—V3-A Slo-Blo fuse

Q1.2 (J3-—MPS-3708 transistor { Motorola)

Q4- -V PS-3638 transistor ( Motorola

Q5. 0Q6-—TIP-24 transistor ( Texas Instruments)

R1.R3. R6, R10—4700-0hm. ' ;-icalt resistor

R2, R7-—-22.000-0hm, Vi-watl resistor

R4 1000-0hm miniature trimmer control ! Mal-
lory MTC-1 or similar)

R3-—2200-0hm, Vi-walt resistor

R8—-25.000-0hm, Va-watt resistor

PARTS LIST

RO-—100-0hhm, V5-watt resistor n
R11-—1000-0hm, 5-watt resistor gl
RI12, R13  220-0lm. '%-watt resistor ’lll')x,'f,or"

R14-—470-0lm_ V3-watt resistor
R15  10-0hm, Vi-wall resistor
R16 - 40-0hm, 5-watt wire-wound potcntiometer
wrth slide actuator
Rb-—220-0hm, Vs-wall resistor
S1—D.pd.t. slide switch
1—Gibhs Type VI reverberation unit
Mise.—Case, printed circuit bhoard. juse holder,
nuts, holts, knob, wire. solder, elc.

) tolerance

see text

A complete kit of parts including a special case
is available from DEMCO, 219 W. Rhapsody,
San Antonijo, Texas 78216, for $16.74 (postpaid).
Prices of individual components are available on
request.

car to mount a speaker selector switch.
you will probably have enough room for
the reverberation system.

How It Works. The heart of any re-
verberation system is the audio delay
line. It consists of two electromagnetic
transducers and a pair of different-di-
ameter springs coupling them. Audio fre-
quency signals drive the input trans-
ducer, which twists the springs slightly.
This mechanical motion travels down the
springs and creates an electrical signal
in the output transducer. Not all the
mechanical energy is reconverted to an
electrical signal—some energy continues
to travel back and forth and gradually
decays, resulting in both a delay and a
decay of the original sound, as with na-
tural echoes.

The audio signal is split between the
speakers through a fader control (R16)
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and selector switch S/ (Fig. 1). When
the selector switch is in normal posi-
tion, the same signal is applied to both
front and rear speakers. The fader serves
as a variable divider to balance or shift
the sound output from each speaker as
desired. When the fader control knob is
pulled out, S! switches the power onto
the reverb amplifier and connects the
rear speaker to the amplifier's output.

The signal from the radio now drives
the front speaker and the input trans-
ducer through R15. The output trans-
ducer of the reverb unit is connected to
a high-gain amplifier (Fig. 2). The am-
plifier makes up the 40 to 45 dB loss in
the delay line reverb unit. In this circuit.
@1 drives voltage amplifier @2, which is
directly coupled to a pair of complemen-
tary driver transistors, @3 and Q4. The
driver transistors drive the class-B out-
put pair on alternate half cycles.

POPULAR ELECTRONICS




R3Z

R2 3
22k 47K %

A

o ¥
(]

Fl e~

Ql
MPS3708

TO TO
FRONT REAR
SPKR  SPKR
MPS$3708
MPS3638
(CYCOLLECTOR
(B)BASE
(EYEMITTER
= BOTTOM VIEW

Fig. 2. Schematic diagram shows the simple solid-state high-gain amplifier required to compensate for the
audio signal in the reverberation springs. The amplifier has a 3-watt output and is powered by 12 volts d.c.

The diodes between the base of Q3 and
the base of @} provide a small forward
voltage bias to prevent crossover distor-
tion and also provide temperature com-
pensation. Diodes D2 and D3 are in direct
physical contact with the output stages,
as shown in Fig. 3. Any heating which
would increase output transistor idle cur-
rent is quickly sensed by the diodes.
The heat reduces the diode voltage drop,
reducing the transistor forward bias
and idle current.

The reverb system’s gain is controlled
by R and the fader (R16)—RJ for the
coarse settings and the fader to make
variations to suit the taste of the listen-
er. The amplifier is efficient and draws
only about 10 mA with no signal input.
At full 3 watts output, the current is
0.4 to 0.5 ampere.

Construction. To make the system small
but still easy to assemble, the amplifier
is built on an etched board and the whole
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system is housed in a specially designed
case. (See Fig. 4). If you follow the in-
structions, there should be no construc-
tion problems.

Begin by mounting the power transis-
tors and diodes in the rear of the case.
Use a 6-32 x 14” screw, with a shoulder
washer on the outside of the case and a
mica spacer between the inside of the
case and the transistor mounting flange.
Be sure to coat both sides of the mica
washer with silicone grease to insure
good heat transfer.

The 1N3754 bias diodes are pushed
into their clips and mounted with the
same screw that holds the transistors.
The diode leads are insulated from the
case, so the clips can contact the transis-
tor mounting tab. Turn the diodes so
that the red cathode identification dots
are opposite each other. Cut the lower
leads and solder them together—cathode
of one to anode of the other—as shown
in Fig. 3. Mount the terminal strip next
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Fig. 3. The npn output transistors are of unusual
construction and have not previously appeared in
POPULAR ELECTRONICS projects. Each transistor
is bolted to the chassis wall along with bias-
ing diodes D2 and D3. You must follow this plan.

to the diodes and connect the remaining
two leads to the center and lower lugs.
Check for possible shorts between the
transistors and case.

Now mount the fader control and re-
verb unit. Wire the leads for the front
speaker, radio input, and ground to the
fader control. Dress the wires behind
the reverb unit and to the case bottom,

Fig. 4 (below). Due to the intense interest in this
project, the author in conjunction with POPULAR
ELECTRONICS offers a special mounting case.

install the grommet, and bring the wires
out through the grommet.

Mount the various parts on the circuit
board (Fig. 5) as indicated by the print-
ed part numbers (see p. 46). Be sure the
electrolytic capacitors and diode are
mounted with correct polarity. Solder
leads to @5 and @6 as shown in Fig. 3.
Connect wires to points +12V and r,
for the power and rear speaker, and to
B and C for the bias diodes. Use a piece
of lamp cord or equivalent to wire the
rear speaker.

Connect the ground side of the rear
speaker to the board’s ground strip near
the output transistor connection. Do not
attempt to use the frame of the car for
the ground lead to the rear speaker—
this can result in noise and even circuit
oscillation. Connect a short piece of hook-
up wire to point f. Connect the green
lead from the reverb unit’s output (red
coil) to point 4 and the green lead from
the input to point E. Be sure all wires
and connections are soldered.

Mount the circuit board on the side of
the case (Fig. 6) with 4-40 x 3:” machine
screws. Be sure the switch knob slides
between the plates at the rear of the
fader control. Use quarter-inch spacers
between the case and the circuit board.
Connect the wire from point f to the

Fig. 5 (below). View of partially completed printed circuit
board shows location of some of the components. The num-
bers alongside C6 pertain to connections to transistor Q6.

Fig. 6 (right). Photo
of the completed unit.
Push-pull control dis-
ables reverberation am-
plifier and doubles as
front-to-rear speaker
“fader’’ volume control.

POPULAR ELECTRONICS



arm of the fader control. Mount a solder-
ing lug under the mounting screw at the
bottom front of the board, and connect
it to the black wires from the reverb
unit coils and to the ground side of the
fader control, using a short piece of bare
wire.

Connect the leads from the board to
the power transistors. The numbers on
the board and the transistors must
match: 1 to 1, 2 to 2, ete. Connect the
wire from point C to the upper (unused)
lug on the terminal strip. Install D} and
Rb on the terminal strip and, observing
polarity, the other end to D3’s anode.
Connect a wire from point B to the
cathode side of D2 on the terminal strip.
Connect a lead at +12V and run it out
through the grommet in the rear of the
case to the fuse holder. (This in-line
type holder can be picked up at an auto
supply house, and is used with a half-
ampere Slo-Blo fuse.) Label the leads—
to protect the transistors.

Installation. The circuit is designed to
work with an ungrounded front speaker.
If one side of your speaker is grounded
at the speaker frame rather than at the
radio, simply clip the ground lead and
splice on a piece of wire for connection
to the reverb unit. Be sure the car has
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4- or 8-ohm speakers. (There are some
40-ohm systems around which require a
matching transformer from the radio to
the reverb unit.) Also, be sure the speak-
er is not ‘“hot.” Some speakers have 12
volts on the leads.

Connect the +12-volt lead from the
fuse holder to the radio, or connect it
to the accessories terminal on the igni-
tion switch. Connect the ground lead to
an unpainted screw or to some other
point that you are sure is a good ground
on the car’s frame. Connect the lead
from point f on reverb input to the front
speaker. Run the two rear speaker wires
to the rear speaker.

Turn the radio on, with the reverb
unit knob pushed in. The control should
vary the volume of the front and rear
speakers as it is turned, with near-zero
volume on the front speaker at the ex-
treme rear position, and vice versa. Now
pull the fader knob out. You should have
about the same volume as before with
R} set for full gain (the resistor is par-
tially bypassed by €2). Sound will
probably be best with a bit less volume
on the rear speaker when the system
is in the reverb position. Set the fader
control in the center position and adjust
R} for the most pleasing rear speaker
level.

The reverb unit cover can be fastened
under the dash with sheet-metal screws,
or mounted through the dash and held
by the fader control bushing.

Testing. The system will work quite
well without exact circuit adjustments.
You can, however, get lower distortion
and slightly greater output if you have
the proper equipment to make a few
tests.

Resistor Rb is specified as 220 ohms.
This is slightly lower than the best value
but safe in all cases. A slightly higher
value may reduce crossover distortion.
To check for the proper value, connect
a milliammeter (VOM) in the +12-volt
lead. Short the meter leads and turn on
the amplifier. Unshort the meter leads
and read the idle current. Now short
Rb with a clip lead and watch the meter
reading. If it drops between 5 and 10
mA, the value of Rb is okay. If the drop
is less, increase the value of Rb to 270
ohms, and check again. The initial cur-
rent reading should not be more than 15
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Fig. 7. This simple power supply will enable the
builder to operate his Mini-Verb off the 117-volt
a.c. lines. All components are easily purchased.
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MINI-VERB

Fig. 8. Reverberation in your home calls for using
the Mini-Verb as a third channel. Mixed signal from
the right and left channels is derived as shown in
this diagram. See text at right for more information.

mA, and Rb must not be increased past
the value that gives a 10 mA increase in
current.

You can adjust R8 in either of two
ways. If you have only a voltmeter, it
can be set for a reading of +6 volts at
the emitter (terminal 1) of Q5. If an
oscilloscope and signal generator are
available, drive the amplifier to full out-
put (clipping level) with a 4-ohm Ioad
at about 1 kHz and adjust R8 for sym-
metrical clipping of the observed wave-
form.

‘‘Stationary’’ Applications. To use the
“Mini-Verb” with your high fidelity sys-
tem (or public address equipment), you
will need a 12-volt power supply that
can deliver 500 mA with good regulation
and low hum. A typical circuit is shown
in Fig. 7.

To use the “Mini-Verb” with your
stereo system, follow the circuit of Fig.
8. (The resistors should be about 47
ohms, 1 watt; reduce the resistance if
reverb volume is too low.) This circuit
will give you a driving signal that con-
tains information from both channels.
Little separation remains in reverbera-
tion sound, so two channels are unneces-
sary in the reverb system. 30—

r M
9. O=-0Q -
° ,
o B9 +off 19 ol +av®
of m-o'"‘? “,? o R 9% ry
02 &-Ri3~o: ¢°+L m* L ] °°§$ *oﬂ. o O Actual-size printed circuit
10} ‘] e I\ o S template—for those who
10 L - @ y ? N AO o like to make their own—is
1o [~ ] Y ? ? +°° ? fo of o0 given below. Component lo-
3 Mo R 55°+ 4] I'l 2t o o-m5-0 cation is shown on the un-
° %07 4 2% bk wired side of the board in
) L ., the diagram at the left.
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: THE EARLY HISTORY -
OF RADIO COMMUNICATIONS "~ =~
AND THE MEN :
AND DEVICES
THAT MADE IT POSSIBLE

By HENRY B. DAVIS

HILE MOST HISTORY BOOKS date

the birth of radio from Marconi’s
invention of wireless, this is only a half-
truth. Like many scientific discoveries,
the radio phenomenon was known as a
“paper theory” many years before its
actual existence was proven.

As early as 1845, Michael Faraday ob-
served that the characteristics of light
and electricity were basically similar. It
was this observation that spurred James
Clerk Maxwell, a brilliant British physi-
cist, to dig deeper into the phenomenon.

In his paper “On A Dynamical Theory
Of The Electromagnetic Field,” written
in 1864, Maxwell noted that a change in
a magnetic field could bring about a
change in an electrical field, and vice
versa. This led to his conclusion that
electromagnetic energy could be propa-
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The apparatus that Hertz used to prove the
existence of electromagnetic waves is shown
here schematically. A crude oscillator,
left. functioned as the transmitter for the
demonstration, while the receiver consisted
of a loop wire bent into a ring (center).
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gated into space from a wire conductor,
and that the energy traveled at the
speed of light. He failed, however, to
present physical proof of his theory.

In the years that followed, a great deal
of scientific thought was given to Max-
well’s theory. But it was 1887 before
Heinrich Hertz, a German physicist, dem-
onstrated a device which proved that the
Maxwell theory was correct.

To generate electromagnetic energy
(really radio waves), Hertz used a spark
transmitter, operating around 4 meters
(75 MHz). His “receiver’ consisted of a
length of wire with a small metal ball at
each end; the wire was bent to form a
ring with a small air gap between the
metal balls. When the transmitter switch
was thrown, the spark generated electro-
magnetic energy and this energy was in-
duced into the wire “receiver,” causing a
spark to jump the gap between the re-
ceiver’s metal balls. Thus, a spark pro-
duced by the transmitter induced a spark
in the “receiver.” No physical contact
between the transmitter and the “re-
ceiver” existed.

Although the distance between the two
units was limited to a few feet, it was
soon learned that this range could be in-
creased to about 50 feet simply by limit-
ing the size of the “receiver’ wire to the
wavelength of the oscillator’s frequency
and carefully adjusting the gap between
the metal balls at the wire’s ends.

Hertz’s demonstration encouraged new
interest in electrical waves—which came
to be called “Hertzian”’ waves. Attempts
to conduct radio waves through earth
and water were carried out. Then experi-
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ments were made with large coils of wire
to try and find a method of transmitting
and receiving electromagnetic radiation
by induction alone. But it was the intro-
duction of the first sensitive radio wave
detector—the ‘‘Coherer’—that made it
possible to use radio waves as a means
of demonstrating intelligent communica-
tions.

Back in 1850 the French scientist,
Pierre Guitard, had discovered that dust
particles in the air cohered, or collected
together, when electrified. Later, in 1879,
David E. Hughes, an American electrician
and the inventor of the carbon micro-
phone, while investigating the resistance
properties of loose carbon granules, dis-
covered that the granules cohered, going
from a high-resistance to a low-resis-
tance state, when a current was passed
through them.

Dr. Edouard Branley, another French
physicist, perhaps borrowing from
Hughes' elementary discovery, built the
first ‘“Coherer.” His Coherer consisted
of a glass tube partially filled with iron
filings and plugged with corks through
which wire electrodes had been forced.
In operation, the iron filings cohered
when a strong radio signal was impressed
across the electrodes. Branley did not
use his instrument for the reception of
radio waves, but he did find that the
Coherer had to be tapped manually to
decohere the filings in order to return
the unit to a high-resistance condition.

A British physicist, Sir Oliver Lodge,
was the first to use the Coherer in place
of Hertz's wire loop, for the detection
and pen recording of Morse code signals.
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This setup was independently designed by Sir Oliver
Lodge and Guglielmo Marconi. The transmitter em
ployed an antenna which replaced the oscillator
plates used in Hertz's device. The receiver consist-

L

er, a Popov decohering
device, and a receiving
antenna. Operation was
essentially the same as
in Hertz's setup, but
there was an enormous
increase in sensitivity.

ed of Branley's Coher-
—o—I| -

Because the Coherer had to be decohered
after detecting each pulse of electromag-
netic energy, it was suitable only for a
Morse code type of communications set-
up. Sir Oliver, understanding this to be
the case, used a ‘“trembler” to decohere
the iron filings.

In 1895, when the Russian physicist,
Aleksandr Stepanovitch Popov, employed
the armature of an electric bell to de-
cohere the particles, practical transmis-
sions of pulses at a reasonable rate of
speed became possible. The bell did away
with the need for necessarily slow man-
ual decohering. But an even more sig-
nificant achievement attributed to Popov
is the fact that he was the first person
to consider using an antenna with the
Coherer circuit. The addition of the re-
ceiving antenna increased the radio range
to more than 900 feet.

At this point, Marconi enters the pic-
ture. Sir William Crookes, in the British
publication Fortnightly Review, predict-
ed in 1892 that wireless [radio] telegra-
phy would replace all other means of
rapid communications. It is likely that
this prediction inspired Guglielmo Mar-
coni, the Italian inventor, to make the
dream come true.

Marconi took the crude Coherer Bran-
ley had designed and made improvements
on it. He replaced the corks with silver
plugs. And by using a mixture of silver
and nickel filings in place of iron filings
and evacuating the air from the tube,
Marconi succeeded in producing a device
many times more sensitive than the orig-
inal Coherer.

With his own improved version of the
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Coherer, the Popov method of decoher-
ing, and a receiving antenna, Marconi at-
tained results that can be described as
only slightly less than spectacular. Sig-
nals of from 2 to 9 miles were observed
almost immediately, and by early 1901
the figure had increased to 200 miles.
About the same time, at the suggestion
of Sir Oliver L.odge, Marconi incorpo-
rated an “oscillation transformer” in his
radio system which permitted the sys-
tem to be tuned to a given resonant
frequency.

Marconi’s crowning achievement, how-
ever, came about when, on December 12,
1901, he succeeded in proving that radio
waves could be intercepted around the
curvature of the earth. On that day, he
received a signal transmitted from Eng-
land—some 2000 miles from where he
waited on the coast of Newfoundland,
Canada.

It is not really clear when radio was
actually born. But it certainly was not
in existence before Hertz demonstrated
his apparatus, and just as certainly it
came about not later than Sir Oliver
Lodge's demonstration. Both of these
events took place prior to Marconi’s his-
toric adventure into the new technology.

The achievements of these early pio-
neers were monumental considering the
fact that most of the work was accom-
plished before the advent of the elec-
tronic amplifier. Just how incredible these
achievements were can be fully realized
only by building and using a Coherer
yourself. The diagrams and text on the
following page provide all the necessary
details. 30~
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MAKE YOUR
OWN COHERER

HE DRAWING at right is more or

less self-explanatory. Most of the di-
mensions will depend on the materials you
use, but keep the inner diameter of the
glass tube down to about 3%i¢” and the
lengths of the electrodes to about 4”.
Also, file the ends of the electrodes oppo-
site the screws at a slight angle to facilitate
tuning.

Rub both electrodes in mercury until
they take on a bright metallic coating,
then attach the screws as shown. If you
run into any problem trying to mate the
electrodes to the glass tube, file or sand
the electrodes down to fit before rubbing
them in mercury.

Use a medium file to prepare a mixture
of 59, silver and 95% nickel. Sift the
filings through fine cheesecloth to remove

METAL BINDING POST
{t OF &),

Parts must be solidly mounted on the wood base.
Screw-type metal binding posts will facilitate
easy mounting of the electrode assembly and
will also provide convenient circuit connections.

all unwanted metal dust that might gum
up the works.

Slide one of the electrodes into the glass
tube. Pour just enough of the filings into
the tube to fill the space about halfway
when the electrodes are spaced ¢” apart.
Then assemble the unit.

TUNING AND USING YOUR COHERER

FTER ASSEMBLING the Coherer,

connect it up as shown below (left).
Use a relay that will pull in below 60
milliamps to prevent burning the filings
or electrodes.

Decrease the spacing between electrodes
until the relay pulls in, then slowly in-
crease the distance between electrodes un-
til the relay de-energizes. Do this several
times until you have the Coherer set at
the point just before the relay pulls in.

When properly adjusted, the Coherer
should close the relay when a 1” spark
coil is energized at a distance of 25 or
more feet. For this test, no antenna should
be connected to the Coherer. Between
tests, tap the Coherer to get ready for the
next pulse from the spark coil.

The tuning circuit for the Co-
herer is shown at left. A re-
lay that will draw no more than
60 milliamperes is needed to
prevent damaging the filings.

When you're satisfied that the Coherer
is properly adjusted, tighten the screws on
the binding posts connected directly to
the electrode screws. Then connect your
Coherer up to a circuit like that shown
below (right), and it's ready for use.

A spark coil can be used for your ex-
periments, but if you're planning any
prolonged experiments, it is suggested
that you use a high-voltage capacitor in-
stead. The rapid discharge of the capaci-
tor will have almost the same effect as
that of the spark coil, and will not cause
any interference on your neighbors TV’s
and radios.

You might want to experiment with the
Popov method of decohering. If so, re-
fer to the circuit on page 49.

After tuning the Coherer, connect it up to a circuit like that
shown at right, below. The circuit can be provided with a de-
gree of selectivity if you tap
the choke in several places. A
decoherer can also be added.
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Amateur Radio ] for CB’ers

HOW TO CONVERT YOUR CB RIG TO TEN METERS
AS AN INEXPENSIVE START IN AMATEUR RADIO

By WALTER F. LANGE, wiYDs*

MISTER CB’ER, why not become a
ham? This is an ideal time to get
your license. Signals are popping in from
all over the world on both the Citizens
Band and the adjacent 10-meter ama-
teur band. With sunspots on the increase,
world-wide communication will soon be
possible on these frequencies. But, as a
CB licensee, you can only listen to DX
(distant stations). Contacting—or even
attempting to contact—DX stations is a
violation of the FCC’s CB rules. Qualify-
ing as a ham—not a difficult process—
makes it possible for the CB’er to engage
in unrestricted DX communication. If
you want to get in on the fun and ad-
venture of amateur radio, start studying
today for your General Class ticket.

In order to pass the ham license ex-
amination, you must have a basic knowl-
edge of electronics and FCC amateur
regulations, and be able to send and re-
ceive International Morse code. For some

“Technical Staff, American Radio Relay League

people these requirements are a ‘‘breeze.”
For others a bit more study and practice
is in order. For anyone, a little appli-
cation of time and effort will certainly
win the coveted license. Many teen-agers
have passed the ham exam (there’s no
age limit), so surely yvou can do it! The
American Radio Relay League, 225 Main
Street, Newington, Conn. 06111, will be
glad to fill you in on all the details.

As far as equipment goes, you are
really lucky: most of your CB gear can
be easily and inexpensively converted to
10 meters. In many cases, the cost of
going from the Citizens Radio Service
to amateur radio will be less than $10,
including a $4 license fee and $3 trans-
mitting crystal.

Once you have received your General
Class ticket, there are only two tasks
you will need to perform in order to go
on 10 meters: slightly reduce the length
of your antenna elements and make a
simple hookup conversion to your CB
transceiver. Since antenna data is given
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in several manuals and handbooks pub-
lished by the A.R.R.L. and other organi-
zations, the subject will not be treated
here. However, the 10-meter conversion
of a dozen popular CB transceivers will
be described in detail, as there has been
little information published on this
topic.*

If you convert your CB transceiver to
10 meters, remember that the transmit-
ter section cannot be legally retuned and
used on CB, unless the adjustments are
made by the holder of a first- or second-
class commercial license. Also, don’t for-

*This article is an expanded version of the author’s
article published in QST, February 1967, pagye 20.

CONVERSION DETAILS

In the material that follows are details
on individual CB transceiver conversions.
The units discussed are known to be in com-
mon use and are representative of the prob-
lems that may be encountered. Hams should
find this material of interest if they are
looking for an inexpensive 10-meter AM mo-
bile transceiver.

EICO 770. The EICO Model 770 is an eight-
tube CB transceiver designed for 117-volt a.c.
operation. Only a new transmitting crystal
and realignment are required to convert this
unit to 10 meters. Set the channel selector
switch in any position except the extreme
counterclockwise spot. This latter position is
for fixed-channel operation only.

The receiver is a single-conversion superhet
with an i.f. of 1750 kHz. Begin the receiver
alignment, once the main tuning capacitor
has been set at maximum capacitance, by
tuning oscillator coil L6 (see Fig. 1), to 26.750
MHz or to a frequency 1.75 MHz below the
low-frequency end of the desired tuning
range. Turn the tuning capacitor to the cen-
ter of its range and apply a 10-meter signal to
the antenna connector. Tune grid coil L4 and
plate coil L5 of the r.f. amplifier for maxi-
mum response. This completes the receiver
conversion. The transceiver that was con-
verted by the author tuned from 28.500 to
28.710 MHz after being adjusted as described
ahove.

Before aligning the transmitter, replace
the transmitting crystal. located next to the
channel selector switch, with a third-overtone
FA-5 type crystal whose frequency is in the
10-meter phone band. Next peak oscillator
coil L1. Then alternately tune amplifier plate
capacitor C9 and loading capacitor C1i for
maximum output. Start with the plates of
compression trimmer C10 screwed down. Go
back and forth between the two capacitors,
gradually decreasing the capacitance of C10
while peaking C9% until maximum output is
obtained.
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get that it's against the law to use the
transmitter portion of your converted
CB transceiver on the air unless you
have a General Class ticket. This is
very important. Not only does the FCC
chase bootleggers, but amateurs have
their own lookouts. If they track down
your illegal transmissions, you might as
well forget about communicating by
radio for many years to come.

Fig. 1. The EICO Model 770 transceiver can be Con-
verted to 10 meters in a jiffy. This base station
rig needs only a new crystal and r.f. alignment.

EICO 777. The EICO Model 777 CB trans-
ceiver is an eight-tube unit that can be oper-
ated from 117 volts a.c., 12 volts d.c., or 6 volts
d.c. As with the Model 770, only a new trans-
mitting crystal and realignment are neces-
sary for the 10-meter conversion. Before
aligning the receiver, put the Tune-Xtal
switch in the TUNE position.

The receiver is a double-conversion super-
het with a first i.f. of 1750 kHz and a second
i.f. of 262 kHz. Start receiver alignment by
fully meshing the plates of the receiver tun-
ing capacitor. Adjust oscillator coil L6 shown
in Fig. 2 to 26.750 MHz or to a frequency 1.75
MHz below the low end of the desired tuning
range. If you align the receiver for the bottom
end of the phone band. it will cover from
28.500 to approximately 28.820 MHz. Using a
signal in the middle of this range, peak r.f.
amplifier grid coil L4 Then adjust the ampli-
fier plate coil and the mixer grid coil (top and

POPULAR ELECTRONICS
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General Instructions. Twelve different
CB transceivers were converted by the
author to 10 meters. They are typical
examples of much of the CB gear that
has appeared on the market during the
past few years. Although the conversion
details vary from transceiver to trans-
ceiver, there are several areas common
to all.

All the transmitters and eleven of the
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Fig. 2. Another easy rig to
modify is the EICO 777. This
transceiver has a dual power
supply (12 and 117 volts). Re-
place the transmitting crystal
and follow the simple align-
ment instructions given here.

bottom slugs of L5) for maximum response.

Start the transmitter conversion by replac-
ing the transmitter crystal with a third-over-
tone FA-5 unit in the 28.5- to 29.7-MHz range.
Tune oscillator coil L1 and final plate and
loading capacitors C1f and C12 for maximum
output. Initially set compression trimmer C12
at maximum capacitance. Then, after tuning
C11 for maximum output, decrease the capaci-
tance of C12 a little bit. Continue peaking C11
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Fig. 3. To get the Hallicrafters CB-19 transceiver
on 10 meters, you must remove 5-pF capacitor C13
from the right side of the coil. Substitute a new
crystal and this unit can be tuned on 10 meters.

and decreasing the capacitance of the loading
capacitor until maximum output is achieved.

Hallicrafters CB-19. Designed to operate from
either 117 volts a.c. or 12 volts d.c., the Halli-
crafters Model CB-19 is a compact seven-tube
CB transceiver. Before making any adjust-
ments, put the VFO-OFF switch in the VFO
position.

The receiver is a double-conversion super-
het with a first i.f. of 1650 kHz and a second
i.f. of 262 kHz. With the receiver tuning ca-
pacitor set at maximum capacitance, begin
aligning the receiver by tuning oscillator coil
L11 (see Fig. 3) to 26.850 MHz or to a fre-
quency 1.65 MHz below the bottom end of the
desired tuning range. If you align the receiver
for the low end of the phone band, it will
cover from 28500 MHz to approximately
28.860 MHz. With a mid-range signal applied
to the antenna connector, peak the r.f. ampli-
fier plate coil and the mixer input coil (top
and bottom slugs of T2). Since the receiver’s
input coil T1 is also the output inductor for
the transmitter, align it when adjusting the
transmitter section of the transceiver. Of
course, if you only intend to convert the re-
ceiver, go ahead and adjust T1 after modify-
ing it as described below.

Before tuning the transmitter, remove 5-pF
capacitor C13 from across the two inside ter-
minals of T1. Replace the transmitting crys-
tal with a third-overtone FM-9 unit in the
10-meter phone band. The transmitter crystal
hoard is located on top of the chassis at the
rear near the power transformer. Tune oscil-
lator plate coil L1 for maximum output. Ad-
just the final by tuning T71 with a screwdriver
or alignment tool and varying the position of
the output link L5 with respect to T1. Alter-
nately peak T1 and move L5 until maximum
output is obtained. If necessary, adjust sec-
ond harmonic trap L6 for minimum inter-
ference to television Channel 2.
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receivers must be realigned. To retune
the transceivers, three alignment tools
are needed. An ordinary screwdriver will
handle all variable capacitor adjustments,
and a GC Electronics No. 9302 3-in-1
hex core alignment tool will take care of
most of the slug-tuned coils. The remain-
ing coils, which have very tiny align-
ment slots, can be adjusted with a home-
made alignment tool. A suitable tuning
tool can be constructed by filing down a
small screwdriver to the desired size.

The transceivers can be realigned
without test equipment, but the job is
rather tedious and time-consuming. A
general-coverage short-wave receiver (3
to 30 MHz) and a grid-dip meter or
signal generator will make receiver
alignment easy. And an SWR bridge and
dummy load are useful for transmitter
tune-up.

During alignment, be very careful not
to damage the tuning slugs or coil forms.
Do not try to turn any core beyond the
point where binding resistance is encoun-
tered. If you do, you will probably strip
the alignment slot in the core. In most
cases, it will then be impossible to re-
place the core without damaging the coil
form itself. Also note that many of the
coil forms are sealed with wax or other
material; this gunk should be scraped
away before any attempt is made to turn
the slugs.

Hammarlund HQ-105TR. Of all the transceiv-
ers described in this article, the Hammarlund
HQ-105TR is the easiest unit to convert. Ac-
tually the HQ-105TR is a general-coverage
communications receiver with a CB trans-
mitter installed in the same cabinet. Since the
receiver section covers the entire 10-meter
amateur band in its unmodified state, the
only part of the transceiver that requires at-
tention is the transmitter.

Replace the CB crystal shown in Fig. 4
with an FA-5 third-overtone unit in the 10-
meter phone band. Peak oscillator coil L8
and final amplifier tank T11. You can, if you
wish, use the receiver’s S-meter as an output
indicator for these adjustments.

Heath MW-34. The Heath MW-34 CB trans-
ceiver is a nine-tube unit that can be operated
from 117 volts a.c.,, 12 volts d.c., or 6 volts d.c.
Realignment, a-new transmitting crystal, and
the substitution of a 15-cent capacitor are re-
quired to convert this unit to 10 meters. Be-
fore adjusting the receiver, set the channel
selector switch in any position under VARI-
ABLE.
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Receiver Conversion. The CB receiver
will be considered first. Converting your
receiver will give you an opportunity to
listen to 10-meter signals and get an
idea of some of the interesting stations
you might possibly work once you ob-
tain your General Class license. Usually,
this conversion consists of realignment
only-—so you can put your receiver on
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Fig. 4. Converting the Hammarlund HQ-105TR is
simplicity itself. Besides changing the transmitting
crystal, you only adjust two coils to get on 10.

The receiver is a single-conversion superhet
with a 455-kHz i.f. Depending on which part
of the band you wish to cover, set the oscilla-
tor above or below the desired tuning range.
To tune the low end of the band, set the re-
ceiver tuning capacitor at maximum capaci-
tance and adjust oscillator coil L3 shown in
Fig. 5 to 28.045 MHz. Your receiver will cover
from 28.500 to about 28.945 MHz, the exact
range depending on the setting of C18. Apply
a mid-range 10-meter signal to the input of
the receiver. Peak r.f. amplifier “antenna’”
coil L1. Then adjust the amplifier plate coil
and the mixer grid coil (top and bottom of
L2) for maximum response.

Start work on the transmitter by installing
a new transmitting crystal in one of the crys-
tal sockets next to the power transformer or
the crystal socket on the front panel. Use a
third-overtone FA-5 crystal in the 285- to
297-MHz range. Replace 2.2-pF capacitor
C49 across L7 with a 1-pF disc ceramic or
mica capacitor. See Fig. 6 for its location.
Tune oscillator plate coil L5 and driver plate
coil L6 for maximum output. Then peak final
amplifier plate coil L7.
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the 10-meter amateur band, and if you
don’t care for what you hear, you can
tune it back to the Citizens Band. In
those cases where components have to
be removed or changed, make the neces-
sary modifications before starting the re-
alignment procedure.

The first step in realigning most of
the receivers described in this article is
to retune the oscillator coil to a higher
frequency. In each case, this will permit
the receiver to tune from 285 MHz,
which is the bottom end of the 10-meter
phone band, to some higher frequency
(the range varies from transceiver to
transceiver). Set the receiver tuning ca-
pacitor at maximum capacitance (CB
channel 1 end of the dial) and adjust
the oscillator coil until the difference be-
tween 28.5 MHz and the tunable oscil-
lator frequency is equal to the receiver’'s
first i.f. For example, if the receiver has
a first i.f. of 1.75 MHz, the oscillator will
be operating at 25.215 MHz when the
receiver is tuned to CB channel 1 (26.965
MHz). To align the receiver for 28.5-
MHz reception, tune the designated os-
cillator coil to 28.5 MHz minus 1.75
MHz, or a frequency of 26.75 MHz.

Once the oscillator has been adjusted,
the receiver will tune on the average
about 350 kHz of the 10-meter phone
band. It's not possible to satisfactorily
cover the entire band (with one excep-
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tion) without making some elaborate and
expensive modifications, including the
installation of a new dial mechanism and
tuning capacitor. Actually, there is no
great disadvantage in this limited cov-
erage, since most of the contacts you
will be making, once you get your ama-
teur license, will be on or near your
transmitting frequency.

If you want to cover a different por-
tion of the 10-meter band (other than
the low end), it's easy to calculate a
new tunable oscillator frequency. Simply
subtract the first i.f. from the lowest
10-meter frequency you want to tune.
For instance, if the lowest frequency
you'd like to copy is 29.00 MHz and the
first i.f. is 1.75 MHz, the tunable oscil-
lator frequency will be equal to 29.00
minus 1.75, or 27.25 MHz.

There are several ways you can re-
align the oscillator. Probably the best
method is to adjust the oscillator coil
while listening to the oscillator signal
on a calibrated general-coverage re-
ceiver. If you aren’t able to get hold of a
receiver, you can check the oscillator
frequency with a grid-dip meter. A third
technique is to adjust the oscillator coil
until you hear the output from an r.f. sig-
nal generator tuned to 28.5 MHz. The
output level of the generator must be
turned up as the input stage will still be
tuned to the Citizens Band.

T e e N T T R

Fig. 5 and Fig. 6. The Heathkit MW-34 is another
CB rig easily converted to 10 meters. You can use
the panel-mounted crystal socket (Fig. 5, at left)
or one of the seven sockets behind the panel for
the new transmitting crystal. You must reduce C49
(Fig. 6, below) from 2.2 to 1.0 pF to enable the
final amplifier to tune to the low end of 10 meters.
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Once the tunable oscillator has been
adjusted, the receiver's r.f. input stage
can be aligned. There are several ways of
doing this. One method is to apply a
mid-range 10-meter signal (from a sig-
nal generator) to the receiver and tune
all the input circuits for maximum re-
sponse or best signal-to-noise ratio. A
receiver adjusted in this manner will be
most sensitive at the center of its tuning
range, becoming less sensitive on either
side. Another method is to stagger-tune
the input circuits, which is accomplished
by tuning, for example, the input r.f.
coil to the low end, the mixer to mid-
range, and the r.f. output to the high
end. This procedure is repeated several
times until the receiver appears to have
the same sensitivity across its entire
tuning range. A receiver so adjusted
will not be as sensitive at mid-range as
it would have been had it been tuned by
the first method, however. Finally, the
receiver can be adjusted without any
test equipment at all, provided there is

International 50AN. The International Model
50AN CB transceiver is a nine-tube unit that
will operate from 117 volts a.c.,, 12 volts d.c.,
or 6 volts d.c. Put the Receive Selector
switch in the TUNE position.

The receiver is a single-conversion super-
het with an i.f. of 10 MHz. Look at Fig. 7T and
locate the circuit board on which L1 and C77
are mounted. Remove €8/, an 18-pF capaci-
tor in parallel with L1} No ditliculty should
bhe encountered, as there aren’t any other
18-pF units on this board. Then, replace C2,
the 18-pF capacitor located hetween L1 and
L2, with a 10-pF silver mica capacitor. Be
careful not to burn the wires located hetween
the hoard and the chassis when making this
moditication.

With the plates of the receiver tuning ca-
pacitor fully meshed. tune oscillator coil L1}
to 18.5 MHz. If this frequency can’t be
reached, tune C77 as required. A receiver con-
verted to the low end of the phone hand will
cover from 28500 to approximately 28905
MHz. To tune a different portion of the band,
adjust the oscillator to a frequency 10 MHz
below the bottom end of the desired tuning
range. Finish the receiver alignment by ap-
plying a mid-range signal to the receiver and
peaking double-tuned input circuit L1-L2 and
plate coil L3 of the 1.f. emplifier.

Replace the transmitter crystal, located
above the Transmit Selector switch (see Fig.
8), with an FA-5 fundamental crystal whose
frequency is half the desired output frequen-
cv. For example, if you want to transmit on
28.6 MHz, use a 14.3-MHz crystal. Tune oscil-
lator plate coil L8 and final amplifier grid
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Fig. 7 and Fig. 8. Be careful when removing C2 and
C81 from the circuit board of the International Mod-
el 50AN. In top view, C81 has been removed from
L14. Bottom photo shows crystal and coil locations.
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Fig. 9. Some instruction manuals for the Johnson
“*Messenger Two” refer to coil L13 as L113. in
any case, they are the same. Before realigning this
coil, remove the gunk that seals the core in place,

10-meter activity at the time you do
the realigning—you simply tune the in-
put circuits for maximum response to a
10-meter signal in the new range.

Only conversion information for tun-
able-receiver operation has been given
below, since few amateur receivers are
channelized. Once a CB receiver has been
converted as described previously, its
fixed-channel receiver facilities will no
longer function on the Citizens Band
even though they haven't been tampered
with, since the receiver’s input stage will
have been tuned to 10 meters. If 10-
meter fixed-channel operation is desired,
the receiver crystals will have to be re-
placed with suitable crystals in the tun-
able oscillator range. Also, the fixed-
channel oscillator coil will have to be
retuned.

Transmitter Conversion. Do not convert
your CB transmitter to 10 meters until
after you have received your General
Class license. Once you have your ama-

coil L1 for maximum output. Starting with
final loading capacitor €73 at maximum ca-
pacitance, alternately decrease the capaci-
tance of C7.3 and peak plate tuning capacitor
C72 until the transmitter is fully loaded.

Johnson ‘‘Messenger Two.”” The Johnson “Mes-
senger Two” is a ten-tube CB transceiver de-
signed to operate from 117 volts a.c,, as well
as from 6, 12, or 24 volts d.c., depending upon
the model. Only a new transmitting crystal
and realignment are necessary to convert this
unit to 10 meters. Make sure slide switch SW}
on the side of the chassis is pushed to the
rear; this control determines whether the
receiver operates in the fixed or tunable mode.

The receiver is a single-conversion super-
het with an i.f. of 455 kHz. Depending on
which portion of the 10-meter band you want
to cover, the oscillator may be set either
above or below the desired tuning range. Be-
fore oscillator coil L13 can be adjusted, some
work must be done on it, Sufficient gunk has
been used inside the form to make it impossi-
ble to tune the adjustment screw without
breaking the form. To prevent the oscillator
coil from being ruined, it is necessary to clean
out the form and tune it from the inside. This
method of tuning is possible because a
grooved brass slug has been employed rather
than one of ferrite or powdered iron.

Look at Fig. 9 and remove the 12BW4 and
the vibrator at the rear of the unit, as well
as the four screws which bolt the oscillator
coil’'s supporting bracket to the chassis. Tilt
the form slightly outward and clean out the
gunk with a probe. A little alcohol might help
to loosen the slug. Using a screwdriver inside
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the form, carefully tune the slug in and out
several times. After the core has been suffi-
ciently loosened, replace the four bracket
screws, vibrator, and tube. The adjustment
screw may now be used to turn the core.

Set the receiver tuning capacitor at maxi-
mum capacitance and adjust L13, and C110 if
necessary, until the oscillator is tuned to
28.045 MHz. The receiver will now cover from
28.500 to 28.825 MHz. Set the receiver tuning
capacitor at mid-range and apply an appro-
priate 10-meter signal to the antenna connec-
tor. Tune input circuit L7 on the r.f. amplifier
for maximum response, Also peak the r.f.
amplifier plate coil and the mixer grid coil
(top and bottom slugs of T3).

Remove the plastic crystal cover and re-
place the transmitter crystal with an FA-5
third overtone crystal in the 10-meter phone
band. Peak oscillator plate coil L7. Then ad-
just final amplifier output network L9-C49 for
maximum output. Starting with loading ca-
pacitor C49 at maximum capacitance, alter-
nately decrease the capacitance of C}9 and
peak L9 until the amplifier is fully loaded.

Although the final uses a neutralizing ca-
pacitor (C44/, no neutralizing adjustments are
normally required. If the final amplifier hap-
pens to become unstable, it can be stabilized
by adjusting C44 until the grid voltage of the
final amplifier stays constant, or nearly so,
when L9 is tuned through resonance. The
grid voltage can be measured with a d.c.
VTVM at pin 3 or pin 6 of the final amplifier
by using an r.f. choke in series with the meter
lead. If it becomes necessary to adjust Ci4,
be sure to retune the output network after
the amplifier is neutralized.
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teur ticket, start the transmitter con-
version by replacing the transmitter
crystal with an appropriate unit for 10-
meter operation. Although the replace-
ment crystals listed are made by In-
ternational Crystal Mfg. Co., other brands
with the same mode, pin spacing, etc.
can be employed. Next, make any com-
ponent changes that are required. And
before realignment is initiated, borrow
or build an output indicator, such as an
SWR bridge, and a 50-ohm, 5-watt (or
more) dummy load.*

After the output indicator and dummy
load have been attached to the trans-
mitter, tune the oscillator coil for maxi-
mum output. Then open and close the
microphone button or transmit switch a
few times to be sure the oscillator al-
ways starts. If the oscillator stops work-
ing, detune the coil a little bit at a time
until the oscillator operates every time
the transmitter is turned on. Now ad-

*Your CB output meter will work on 10 meters
withowt conversion.

just the driver stage, if there is one, and
the final amplifier stage for maximum
output.

Check the modulation of the final amp-
lifier. The output should increase with
modulation. If it doesn’t, go back and
check all the circuits to be sure they are
tuning correctly. A coil that appears to
be on frequency may, in fact, be tuned
only to a point of minimum or maximum
inductance. If the stages are tuning as
they ought to be, and the output drops
when you talk into the microphone, per-
haps the final amplifier is too heavily
loaded for the amount of available drive.
In this case, detune or unload the final
amplifier until upward modulation is ob-
tained.

Finally, it should be mentioned that,
if you tune the transmitter for a fre-
quency in the center of the transceiver’s
typical 350-kHz operating range, you
will normally not have to readjust the
transmitter for other frequencies in the
same range.

Fig. 10. It is really unnecessary to take the wrap-
around cabinet off the Knight C-560—all of the ad-
justments required to convert this unit to 10 meters
can be made through holes and removable panels.

58

Knight-Kit C-560. Designed to operate from
117 volts a.c. or 12 volts d.c., the Knight-Kit
C-560 CB transceiver is one of the easiest rigs
to put on 10 meters. In fact, all adjustments
of this nine-tube rig can be made without re-
moving the unit from its cabinet. This is pos-
sible due to the fact that there is a hole in the
bottom of the case for each coil that needs to
be retuned. For information purposes, the
transceiver’s innards are shown in Fig. 10. Be-
fore aligning the receiver, put the Tune-Xtal
switch in the TUNE position.

The receiver is a single-conversion superhet
with an i.f. of 1650 kHz. Set the receiver tun-
ing capacitor at maximum capacitance and
tune oscillator coil L7 to 30.150 MHz. Note
that the oscillator operates 1650 kHz above
the desired tuning range. When tuned for the
low end of the phone band, the receiver cov-
ers from 28500 to about 28.820 MHz. Set the
receiver tuning capacitor in the middle of its
range and apply an appropriate signal to the
antenna connector, Tune input and output
coils L3 and L5 of the 1.f. amplifier stage for
maximum respoinse,

Remove the crystal cover from the bottom
of the transceiver and replace the transmit-
ting crystal with a third-overtone FA-5 unit
in the 10-meter phone band. Tune oscillator
coil L1 and final amplifier plate coil L2 for
maximum output. Adjust second harmonic
trap Lj for minimum interference to tele-
vision Channel 2. This completes the rather
simple conversion of the C-560.

tTo be continued newxt month)

POPULAR ELECTRONICS



LIQUID LEVEL INDICATOR FOR THE BLIND

ELECTRONIC DEVICE LETS BLIND PEOPLE
POUR COFFEE, SOUPS, AND OTHER HOT
OR COLD LIQUIDS—WITH CONFIDENCE

W HEN YOU POUR steaming liquids
into a cup or bowl, you know when
to stop—unless you happen to live in the
perpetual darkness of the blind. A con-
tinuity checker, rigged up with a suit-
able liquid-sensing probe which gives an
audible signal when the cup is full
enough, solves the problem admirably.
The simple neon lamp relaxation os-
cillator circuit presented here was de-
vised by the author and has been used
with much success by blind clients of
the Bureau of Rehabilitation Services in
Kentucky.” This level indicator is not
only suitable for use with hot liquids,
but with cold liquids such as milk or
carbonated drinks—and even with
spirits.

*The author serves as Director, Division of Ser-
vices for the Blind, Bureau of Rehabilitation Ser-
vices, Department of Education, Frankfort,
Kentucky.

May, 1967

By T. V. CRANMER, K4MMB

The first circuit tested for this applica-
tion was suggested by L. W. Butler of
Milwaukee, Wisconsin. Mr. Butler used a
single transistor in a conventional Hart-
ley oscillator circuit with the sensing
probe connected in the battery lead.
This circuit worked well, but the audio
level of the output was insufficient to
permit its use in noisy surroundings.

Mr. Butler has since made a clever
modification of a conventional pocket-
size radio which gives a much better out-
put. To make this modification, you
need only feed the output from one side
of the speaker transformer through a
100-pF capacitor through the probe to
the center connection or wiper of the
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The value of the resistor can be either increased or
decreased to respectively raise or lower the pitch
or frequency of the tone heard at the speaker.

volume control. When the probe is in
contact with a liquid, the feedback cir-
cuit is completed and the transistor
radio goes into strong oscillation.

The neon oscillator circuit shown in the
drawing has the advantages of low cost,
high reliability, excellent output signal
and negligible battery drain. Value of
the resistor can be changed to vary the
pitch of the sound output. Four small
30-volt batteries (Burgess U-240, or
similar) can be used in series to power
the circuit. The unit is housed in a 4” x
4” x 5” sloping panel meter case.

The probe can be made with a twin-
lead Mosley 301 and 311 connector.
One-half of the connector is attached to
a flexible cord. A phono plug on the
other end of the cord fits into a jack on
the oscillator’s case. The other half of
the connector holds two horseshoe-
shaped pieces of stainless steel rods hav-
ing a diameter of about 0.050”.

Suitable stainless steel wire for the
probe can be obtained from dental sup-
ply stores. Two 2!”-long pieces of this
wire are needed. When each one is bent
into the correct shape, the dimensions
are: long leg, about %”; short leg, about
3”: crown (or width), about %”. You
insert the short legs into the connector,
and tighten the connector’s setscrews.
Then complete the assembly by plugging
the two halves of the connector together.

This arrangement allows removal of
the “business’” end of the probe for oc-
casional washing. In use, the probe is
hung over the side of the cup or bowl.
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Two lengths of non-corrosive stainless steel wire
make up the probe. These wires should be fitted
into a suitable connector as shown and the whole
assembly connected to two-conductor flexible wire.

Some of the blind hams in Kentucky
have built this equipment for them-
selves. There are many blind people,
however, who have no technical back-
ground and would need help in building
a liquid level indicator. If you have a
blind friend, why not offer your assist-
ance ? Besides the satisfact<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>