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Discover the ease and
excitement of learning
Electronics with
programmed equipment
NRI sends YO i i i o

learn the WHY of Electronics, Communica-
tions, TV-Radio the NRI pioneering ‘“3-Dimensional’’ way. NRI training is the result of more than
half a century of simplifying, organizing, dramatizing subject matter, and providing
personal services unique for a home study school. You get the kind of technical
training that gives you priceless confidence as you gain experience equal to many,
many months of training on the job.

NRI—The 63 Year Leader in Electronics Training |

APPROVED UNDER
NEw Gl BII-I- If you served

since January 31, 1955, or are in ser-
vice, check Gl line in postage-free card,

WWW ammerieaniadiahistary com
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Earn $5 or more an hour
spare or full time in

TV-RADIO
SERVICING

Color Television has arrived. Sales
are soaring, along with the continu-
ing popularity of other home enter-
tainment equipment like portable
radios, tape recorders, hi-fi sets,
phonographs and auto radios. TV-
Radio servicing is one of your best
routes to spare-time earnings, a
good paying jobor abusiness of your
own. NRI not only trains you quickly
and expertly, but also shows you
how to get started in Servicing soon
after you enroll, earning as you
learn. NRI trains you in today's
methods of installing and repairing
all Electronic equipment for the
home—including booming Color TV.
You even build, experiment with and
keep to enjoy your own solid-state
radio and your choice of black-and-
white or Color TV receiver. Like
thousands of others, you can be
earning $5 or more an hour extra in
spare time starting soon.

There’'s money and
success awaiting you in

BROADCASTING —
COMMUNICATIONS

The experience you gain from in-
tensely practical NRI training in
Complete Communications equals
as much as two years of training on
the job. With NRI, you can train fora
choice of careers ranging from mo-
bile, marine and aviation radio to
TV broadcasting and space commu-
nications. You learn how to install,
maintain and operate today's re-
markable transmitting and receiving
equipment by actuaily doing it. You
build and experiment with testequip-
ment, like a VTVM you keep. You
build and operate amplifier circuits,
transmission line and antenna sys-
tems, even build and use a phone-cw
transmitter suitable for transmission
on the 80-meter amateur band.
Whichever of five NRI Communica-
tions courses you choose, you pre-
pare for your FCC License exams,
and you must pass your FCC exams
or NRI refunds your tuition in full,

Move ahead in America’s
fast growing industry as

ELECTRONICS
TECGHNICIAN

Electronicstouches everyone’slives.
This vast field of opportunity isopen
to you with NRI training. Industrial/
Military Electronics training—Ilike all
NRI courses—prepares you quickly,
thoroughly the practical *‘hands on'’
way. You build with, and learn to un-
derstand the functions of, today's
miracle solid-state components like
printed circuits, diodes and transis-
tors. You build and experiment with
Electronic circuitry used in automa-
tion, data processing, ultrasonics,
telemetry. Whatever your interest in
Electronics, NRI training can fill your
needs. Prove to yourself what nearly
a million NRI students could tell you
...thatyou get more for your money
from NRI. Check the postage-free
card and mail it today for your FREE
NRI Color Catalog. No salesman will
call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington,
D.C. 20016.

YOU GET MORE FOR YOUR MONEY FROM NRI — .o, cest,

explore, discover. Everything you see here is included in one NRI course—including Color TV. Other
courses equally complete. And you'll be surprised at the low tuition costs. Text for text, kit for kit,

dollar for dollar—you get more
for your money from NRI.

THE ONLY

COLOR TV

TOTALLY

ENGINEERED
FOR TRAINING

WWW akmerieaniadiahietary com
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SPECIAL CONSTRUCTION PROJECT
BUILD ULTRA-FAST ELECTRONIC STOPWATCH 27 DON LANCASTER

Lob or Science Foir project par excellence

FEATURE ARTICLES

BUILD A MODULATION MONITOR 35 R. L. WINKLEPLECK, WAQIGU
TRUE OR FALSE 40 VIC BELL

THE “FERRET” DRAGS THEM IN 41 GEORGE J. WHALEN
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UNIVERSAL STROBE GOES PSYCHEDELIC 45 JAMES CUCCIA

Trigger this strobe to the musical beat

BUILD A FET MIXER 49 DON M. WHERRY, W6EUM

Three-channel mixer provides goin and isolation

PI-SECTION COUPLER SOLVES ANTENNA PROBLEMS 53 ROY A. WALTON
Tune your SWL “ony length’™ antennc

BUILD FET CRYSTAL CALIBRATOR 56 FRANK TOOKER
Plenty of harmonics from your 100-kHz bor

SLOW KICK YOUR WINDSHIELD WIPERS 59 DONALD K. BELCHER

Even Detroit hosn't thought of this one

POLARITY QUiz 66 ROBERT P. BALIN
MIGHTY-MAG SPEAKER SYSTEM 67 DAVID B. WEEMS

Something new in minioture hi-fi specker systems
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News Award
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A sussiniary oF ' BELLHOWELL

S0 many
. DeVry-trained
=% Men Step Into
Electronics Johs
the Day after
Graduation!

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

and Electronics in Space Travel”; also include details on how to prepare
for a career in Electronics. | am interested in the following opportunity
fields (check one or more):

DeVry's greatest claim to fame is the DeVry's educational programs are de-

progress of its graduates. Our aim is to signed to prepare men 17-45 in their

prepare a man so thoroughly that we spare time at home or in any of our three

can recommend him to employers . . . well-equipped, modern resident schools

ready to step into a job the day after in Chicago, Phoenix or Canada. Why

graduation. If we expect to continue to not fill in and mail coupon for free facts

help employers, our graduates have to today?

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

quality mstructlon—fol.lowed by career- i T AR L AL e e

long employment service at no added | 414l Belmont Avenue, Chicago, Iil. 60641, Dept. PE-3-Y

Cost. N Please give me your two free booklets, “Pocket Guide to Real Earnings,”
|

For FREE Information

[ Seace & Missile Electronics [0 Communications
Lack of technical experience is no bar- B I/leilcer\::'vszlaovne:nd Radic E g?:;';ges'tsl -
;'|er to the manEL“Elg?Rvé?ir[]g)S ‘g pLepare [ Radar [ Industrial Electronics
or a career in - Send cou- Automation Electronics Electronic Control
pon for two FREE booklets and find g = 1o o
out why. i Name Age

Accredited Member of National Home Study Council Address Apt
. State or Zone or
City Province Zip Code
{0 Check here if you are under 16 years of age.
HOME STUDY AND RESIDENT SCHOOL PROGRAMS
2106 AVAILABLE IN CANADA. SEND FOR DETAILS.
March, 1968 S
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INCOMPARABLE
PACE 2300

23 CHANNEL MOBILE
CB RADIOTELEPHONE

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

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

board. $219.95

Write for complete information:

(D)) PACE

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

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

PHILLIP T. HEFFERNAN
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OLIVER P. FERRELL
Editor

LESLIE SOLOMON

Technical Editor

MARGARET MAGNA
Meneging Editor

EDWARD I. BUXBAUM
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FINCO has developed the Color Spectrum Series of antennas—
“‘Signal Customized’’ — to exactly fit the requirements of any

captures the RAINBOW" __

given area. There is a model scientifically designed and engin-

eered for your area.

Check this chart for the FINCO “Signal Customized’’ Antenna best suited for your area.

STRENGTH OF | : ” .
g“‘Eﬁ'E‘i{}flG | Strength of VHF Signal at Receiving Antenna Location
ATR N
ANTENNA VHF SIGNAL VHF SIGNAL VHF SIGNAL VHF SIGNAL
LOCATION STRONG MODERATE WEAK VERY WEAK
v
NO UHF : "
> . == | W
£sv3 cSVs  CSV7 CS-v10 CS-vi5 CS-vi8
$10.95 | $17.50 $24.95 $35.95 $48.50 $56.50
Y ‘ 1 1 \ \ Y \
\ \ \ \ A . \
UHF SIGNAL w — = %ﬁx ‘
STRONG 1 / —= B =
;_¥ 4 1
|l csut CS-Al £s-81 £s-Ci £s-C1
$9.95 $18.95 $29.95 $43.95 $43.95
W \ ’ e L
UHF SIGNAL i ¥ . o »‘( — ———
WEAK -
ke [l esu2 £S-A2 £sB3 £5-C3 £s-D3
$14.95 §22.35 $49.95 $59.95 $69.95
UHF SIGNAL w @p KS( == é(
VERY WEAK ' ! s
B
cs-U3 CS-A3 £s-83 £s-C3 £s-D3
$21.95 $30.95 $49.95 $59.95 $69.95

NOTE: In addition to the regular 300 ohm models (above), each model is available in a 75 ohm coaxial cable downtead
each come complete with a compact
behind-the-set 75 ohm to 300 ohm balun-splitter to match the antenna system to the proper set terminals.

where this type of installation is preferable. These modefs, designated *‘XCS”,

THE FINNEY COMPANY
34 West Interstate Street
Dept. PE  Bedford, Ohio 44146

March, 1968
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Send for free brochure

-
Name E
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City State Zip ]
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...the soldering tools
professionals depend on

original Dual Heat
Soldering Guns

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

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

100/140-watt Model 8200, 145/

210-watt Model D-440, and 240/

325-watt Model D-550. Also in

complete kits:

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

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

Dependable MARKSMAN Irons
in a size for every job

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

o 25.watt, 134-0z. Model SP-23 with 14" tip

(In kit with extra tips, soldering aid, solder—
Mode! SP-23K)
40-watt, 2-0z. Model SP-40 with 4" tip
80-watt, 4-0z. Model SP-80 with 3" tip
120-watt, 10-0z. Model SP-120 with %'’ tip
175-watt, 16-0z. Model SP-175 with %' tip

NOW a BATTERY OPERATED IRON
for field servicing

Use this lightweight service tool for automotive
wiring, model planes, or mobile communications.
Works from any 12 volt bat-

tery or 12-14 volt AC/DC o
supply. Supplied complete piein

withlong-life patented “*Tem-
perature Sensing'' tip, 12-ft.
power cord and terminal

clips. Model TCP-12—12 volt;

Model TCP-24—-24-28 volts. ¢

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

WELLER ELECTRIC CORPORATION

Easton, Pa.
WORLD LEADER IN SOLDERING TOOLS
CIRCLE NO. 30 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

EQUAL RIGHTS, EQUAL RESPONSIBILITIES

With regard to “Why Not A Ham License
Just For Ladies?” (December, 1967), I say
BUNK'! Why should the FCC grant special
privileges to the ladies? Every time they turn
around, these same ladies are crying equality,

| and I'm all for giving it to them. But along

with their equal rights, they should accept
equal responsibilities.

At the present time, there are many women
who hold Advanced and Extra Class licenses.
Any woman who wants extra privileges prob-
ably hasn't seen a key since the day she re-
ceived her license. She may never have held
a soldering iron in her hand—much less know
what to do with one. And if she has any
home-built equipment in her shack, chances
are her OM built it for her.

LAWRENCE T. HARDIMAN
Brooklyn, N.Y.

GROUND COMMUNICATIONS

In the article “How To Use Ground Com-
munications’” (January, 1968), you state that
a 3:1 turns ratio would be needed to match a
24-ohm load to an 8-ohm amplifier output tap.
What is needed, however, is not a 3:1 turns
ratio, but a 3:1 impedance ratio—an entirely
different thing. Since the impedance ratio is
computed from the square root of the turns
ratio, what is needed is a transformer with a
1.7:1 turns ratio, and the secondary should
have a 200-volt output.

M. BLAKE-KNOX
Ottawa, Ontario, Canada

Why doesn’t the author of “How To Use
Ground Communications” suggest using an
amplifier—even if only a single-stage unit—
at the receiving end of the setup (instead of

POPULAR ELECTRONICS
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IN ELECTRONICS AND ELECTRICITY
THIS AMAZING NEW SLIDE RULE
SEPARATES THE MEN FROM THE BOYS!

790

LOOK WHAT YOU GET...

YOU GET... a patented*,
10" electronics slide rule. *Your computer in a
case'’. Has special scales for solving sticky reactance
and resonance problems . . . an exclusive '‘fast-
finder'' decimal point locater . . . widely-used elec-
tronics formulas and conversion factors. PLUS . . .
all the standard scales you need for non-electronic
computations such as multiplication, division, square
roots, logs, etc.

YOU GET ... a complete, “'AUTO-PROGRAMMED"'
self-tutoring instruction course. Four fast-moving
lessons with hundreds of easy-to-understand exam-
ples and diagrams. You'll learn how to find quick,
accurate answers to complex electronics problems

. soon be your outfit's slide rule ‘‘expert’’. Free
examination and consultation service if you want it
plus a Graduation Certificate! THIS COURSE ALONE IS
WORTH FAR MORE THAN THE PRICE OF THE COMPLETE
PACKAGE!

YOU GET...asturdy, handsome carrying case. It's
made of genuine top-grain leather, doubly reinforced
at the ‘'wear-spots’’, features heavy duty liner for
extra slide rule protection, has a removable beit loop
for convenient carrying. “'Quick-Flip"* cover makes it
easy to get your rule in and out of the case. Stamps
you as a real “pro’’ in electronics.

A $50.00 VALUE FOR LESS
THAN $25.00

*Under U. S. Patent #3,120,342

high-quality, all-metal

ACT NOW! SEND SPECIAL ‘‘NO-RISK* COUPON TODAY!

NOW . . . take full advantage of what you know about
electronics and electricity . . . solve complex problems
in seconds while others plod along the old-fashioned
“‘pad and pencil” way!

READ WHY OTHERS CALL THIS REMARKABLE
NEW SLIDE RULE PACKAGE TODAY'S
BIGGEST BARGAIN IN ELECTRONICS.

The Editor of Popular Electronics, Mr. Oliver P, Ferrell says:
“‘Why didn't someone think of this before. The con-
venience of having all relevant formulas imprinted right
on the slide rule saved me time the very first day!"

A student, Mr. Jack Stegleman says:

“Excellent, | couldn't say more for it. | have another
higher-priced rule but like the CIE rule much better
because it's a lot easier to use."

The Head of the Electrical Technology Dept., New York
City Community College, Mr. Joseph J. DeFrance says:
‘| was very intrigued by the ‘quickie’ electronics prob-

K

lem solutions. Your slide rule is a natural.

SPECIAL BONUS OFFER:

ANYONE WHO SENDS INTHIS COUPON WILL RECEIVE, ABSOLUTELY
FREE, A HANDY POCKET ELECTRONICS DATA GUIDE.

It's a useful, pocket-sized electronics “en-
cyciopedia” . jam-full of valuable facts,
formulas and other helpful information. Car-
ry it with you . . . when it comes to electron-
ics, you'll be the ‘‘man-with-the-answer’’!

Cleveland lnstitute
of Electronic
Dept.PE-142,1776 E. 17th St., Cleve Ohio 44114

& A -

| c|E Cleveland Institute of Electronics I
I 1776 E. 17th Street, Dept. PE-142, Cleveland, Ohio 44114 GEI-'.II-tEE' ll
} Please send FREE itlustrated Slide Rule Booklet and FREE Pocket Electronics Data Guide. BOTH ° |
I ave ' R
l. {Please Priat) 1 I
| aooress COUNTY Il,,
|

| cITy STATE did L
I A leader in Electronics Training...since 1934 l
Sy g S S W o S Y |

CIRCLE NO. 8 ON READER SERVICE PAGE

March, 1968 4
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INTROdUCING:
The
Stick
(Irs all Hellcar)

e New base loaded mobile CB
antenna mounts on the lip of your
trunk looks as sleek as a “silver
47" stick. It's the lip stick.

o Photographically etched-copper
high efficiency loading coil for
the most powerful signal, the
sleekest low-profile design, under
the sun.

e 17-7 PH stainless steel whip is
the finest money can buy.

Run down to the best distributor
under the sun, the one who carries
Hellcats. Ask him for the Lip Stick
Hellcat 4. He won't stick you up
for it. 3

\

THE

|IIIAT 4

FROM

’y-Galn

Highway 6 at Stevens Creek,
Lincoln, Nebraska 65501 1
Dept. BA-3

’THE STRONGEST SIGNAL UNDER THE SUN.

CIRCLE NO. 15 ON READER SERVICE PAGE

LETTERS

a high power amplifier at the transmitter

end) to increase transmission distance? It
would be a lot less expensive approach.

CLYDE E. WADE, JR.

North Little Rock, Ark.

(Continued from page 8)

We obviously goofed. Other readers have
also written in to remind us that impedance
ratio is the square root of twrns ratio. Our
thanks to all of you.

There is a very good. reason for using a
high power amplifier at the transmitter end
instead of an amplifier at the receiver end to
inecrease transmission distance. As the dis-
tance from the transmitter increases, the
transmitted signal is rapidly attenuated. If
the distance is great enough, man-made and
“natural” noises generated close to the re-
ceiver location will drown out the transmit-
ted signal. Using an amplifier at the receiver
end would amplify the intensity of the trans-
mitted signal, but it would also proportion-
ally amplify the noises.

LI'L ATLAS IN SCIENCE FAIR
I built the

“Li’'l Atlas’
(May, 1966)
and entgred it
in my school’s
[

Science Fair.
However, in- { e
stead of using J
a selenium
photocell, I
substituted a
photomulti-
plier transistor
in series with
a 1%-volt bat- 4
tery. With this &
arrangement, I can suspend objects %" be-
low the coil. I am enclosing a picture of my
version of “Li’'l Atlas” in action.
JiMMY STRATIGOR
Gainesville, Ga.

d

—— g

e

&~ g §

SECURITY IN ELECTRONICS INDUSTRIES

Author Ronald L. Ives mentions in “The
Electronic Technician Shortage” article (Sep-
tember, 1967) that “security” is the reason
why many technicians from Canada and
Mexico are not employed or eligible for em-
ployment in U.S. electronic industries. How-
ever, it should be pointed out that most of
these people have a better-than-average edu-
cation in electronics. I believe that for po-
sitions where security is at a minimum, tech-
nically prepared Canadians and Mexicans
should be ‘“cleared” with little difficulty. I
must agree with Mr. Ives’ plan to at least
partially ease the technician shortage in the
United States.

AUGUSTIN DE LA GARZA
Monterrey, N.L., Mexico

Aungustin, what you say about Canadian
and Mexican technicians is probably true.

POPULAR ELECTRONICS
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what do you expect for $99.95, miracles?

SOLID  STATE CITIZENS SAND _ﬁAN§((VV!l

New Cobral, 5 watt solid state CB. Created to perform miracles in performance.

Just what you'd expect from B&K, the people who developed and built the famous
Cobra CAM 88: new standards of performance in selectivity, in sensitivity, in
miniaturization. Talk power? Dependability? Beauty? This one you've got to see
and hear ... to believe. Cobra ¥, the neatest little package of punch, power and
performance to hit the CB industry yet. 5 channels, 100% modulation...it's a
miracle for only #99.95. You can hear it demonstrated at your B&K Distributor.

A DIVISION OF DYNASCAN CORPORATION
Bw 1801 W. Belle Plaine, Chicago, lllinois 60613
, WHERE ELECTRONIC INNOVATION IS A WAY OF LIFE
Canada: Atlas Radio Corp., Ltd,, Ontario

Export: Empire Exporters, inc., 123 Grand Street, New York, N.Y. 10013
CiRCLE KO. 6 ON READER SERVICE PAGE

March, 1968 11
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GET %

ACTION..
———ge—
(== MULTI-ELMAC
PRECISION MADE,
POPULAR PRICED
CB UNITS!

| $16950

FULL Ir T
23 CHANNEL P L

.. I e
AC-DC Operation,

Hiuminated Meter M
& Channel Selector, g . ;
Triple Tuned RF,
“‘Nuise Immune’
Squelch,; Double ~

Tuned 1F's, Ready to Operate

FULL
8 CHANNEL

AC-DC Operation,
Delayed AVC,
Electronic Switching.
2 Stage Pre-Amp
Illuminated “S”
Meter. Complete
with Crystal for 1 Channel

SOLID STATE
Transmutter-Converter
Compact 5% x
% < 1y 9§
Transistor, 2 - .
Diodes, s Wan
Input (FCC Max.)
100% Modulation, 12 VDC
Operation, Complete with Crystal for
1 Channel

~—

Plcase send further information on Citi-Fone SS [, 99 (], IL[J

—AA- MULTI-ELMAC €O.
21470 Coolidge ® Ok Park, Michigan 48237

NAME

ADDRESS

airy —

STATE ZONE A
CIRCLE NO. 13 ON READER SERVICE CARD
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(Continued from page 10)

LETTERS

But whether they are good security risks or
not is for the U.S. Government—and in some
cases the industries—to decide. We can only
present the facts as they appear to be. How-
ever, we have reason to believe that this
“Letters” column is regularly read by many
of the top people in the electronics industries,
and in the government, as well. So, your
words should not go entirely unheeded in the
quarters where they can count.

RUBBER GROMMETS, ANYONE?

I had some free time yesterday, so I de-
cided to build a “Clatter Stopper” like the
one that appeared in your June, 1967, issue.
After I got all the parts together, however, 1
noticed that I still needed a small rubber
grommet. When I sent my husband to the

CORMNED

ORNED | GROMMETS

supermarket, I asked him to bring one back.
He told me that supermarkets don’t sell rub-
ber grommets and that he wasn’t sure just
where to buy them. In fact, he wasn’t sure
what a rubber grommet was. But he remem-
bered that there was a clannish group down
near Idahelle named Grommet, and that they
claimed to come from Mars in a flying saucer.

I told my husband that the type of grom-
met that I needed didn’t come from Mars,
that it was the type you fit into a hole in a
cabinet for wires to go through. He didn’t un-
derstand.

“Listen, stupid,” I said, “do you want the
clatter in your receiver stopped or don’t
you?”

He hadn’t realized until then that there
was any clatter in his receiver. He thought
all along that it was our son practicing his
guitar with the amplifiers turned on full blast.

BETTY BULLA
Oklahoma City, Okla.

ATTENTION: ALL WOULD-BE SWL'S

I hope this letter will inspire some of your
readers who, due to financial reasons, have
been unable to buy even an inexpensive re-
ceiver. I also lack the finances to buy an in-
expensive receiver, but nevertheless have
been able to pursue my SWL hobby.

Using only a General Electric clock radio
and a 35’-long outdoor antenna, I have logged
84 BCB stations in the U.S., Canada, and Mex-
ico in just a little over a month, and I have

(Continued on page 119)
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THE ONLY COMPLETE AND UP-TO-DATE

GUIDETO THE EXCITING WORLD OF
SPECIALIZED RADIO COMMUNICATIONS!

Whether you're a ham, short wave
listener, CB’er or business radio
operator . . . a newcomer to the
fascinating world of radio communi-
cations or an oldtimer who cut his
teeth on crystal sets

You need a copy. of the new 1968
COMMUNICATIONS

HANDBOOK!

it's packed with over 150 pages of
“how to do it—how to do it better”
features- written by the experts in
each category. From choosing your
field . . . to learning the code . . .

to getting your license . . . to select-
ing your equipment . . . to setting
up your own station . . . to winning

awards!

And note this:

You also get valuable directcries of
the latest ham and CB equipment
for both novice and technician class
—PLUS hundreds of photos, charts,
lists and tables . . . everything you
need to get the most enjoyment
from your hours on the air!

POPULAR ELEICTRONICS

COMMUNICATIONS

HANDBOOK 1968

CBDSWLEHAM JB.R.S8. .
Who Needs A Licease OWhat Equipment To Bay
Setting Up Your Station 11 How To bet OSL's

| Where To Bet Mora Info 01 Awards Te Be Won

Which Bands To Tene T3 What Clubs To Joln
Country Prefix Lis s 0 Learning The Code

How Time Zones ¥Work © Canadian GRS/CB .‘

PLUS: SpecialHam and
€8 Equipment Directories.

THE 1968 COMMUNICATIONS HANDBOQOK IS READY RIGHT NOW.

GET THE HANDSOME i
LEATHERFLEX-BOUND .
EDITION for just $3 POSTPAID! ! -

The 1968 COMMUNICATIONS -
HANDBOOK is also available P

in a splendid deluxe edition.

Rugged Leatherflex cover pro-

vides lasting protection yet is

softly textured and gold-em- _

bossed for the look of ebe- =7 d s
gance, A collector's item—a ~w. oi
superb addition to your perma- e

nent reference library. And , "\‘ by dr.

it's yours, for just $3 postpaid, §\§ 0V

when you check the appro-
priate box on the order form,

March, 1968

Use the coupon below to order your copy TODAY! it's just $1.25.

NNENENNESNE PPN RN EN RN RN ERAENSECRERERE
ZIFF-DAVIS SERYICE DIVISION « DEPT. CH « 595 B'way * N.Y., N.Y. 10012
OK! Send m= the new 1968 COMMUNICATIONS HANDBOOK.

[J $1.25 enclosed, plus 15¢ for shlppmg and handling. Send me the
regular edition. ($1.75 for orders outside the U.S.A.)

[] $3.00 enclosed. Send me the Deluxe Leatherfiex-bound edition,
postpaid. ($3.75 for orders outside the U.S.A.) Allow three addi-
tional weeks for delivery.

print name

address PE-38

@,
<z

state zip code

NEERENNRESERUNAEN PAYMENT MUST BE ENCLOSED WITH ORDER
13
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CATALOG

SAVE ON:
* Famous Knight.k;
* Stereo Hi~Figm Kits®
® Tape Recorders, T

y 13
*CB Z.-Way Radios P
. :I';I:Ie"l'alkies
© M-AM & AM Rag;
* Shortwaye Ret:eivercs's
® Portable Ty
. Phonographs
* Amateur Gear
. Antercoms & PA
® Automotive Ejectron;
® Test Instruments Eh

Shop by mail and save

at Allied, world's largest
electronics headquarters.
Hundreds of money-saving
values. NO MONEY DOWN.

=
ALLIED

Up to 2 years to pay! : TV Antennas & Tubes
Power Tools, Harg

MAIL COUPON BELOW * Tubes, Trancs ware

eccecsccceccccctsetsee .Pam'B;;"S!Sfol’s

s ALLIED RADIO, Dept. 3¢ 2 eries, Books

« P.O. Box 4398, Chicago, 1ll. 60680

+ NAME (Please Print)

L]

« ADDRESS

.

+ TIY

.

o STATE )

[ E R RN N N AN L A R A N

CIRCLE NO. 2 ON READER SERVICE PAGE

1T ONEY COSTS
1100 0 1¢ MORSE
PIER SOLDER JOUN
10 BNOW YOU AR USING THE
WORLD'S FINEST CORED SOLDER

New Easy Latest PC
Dispenser (Printed

Pak Circuit) Pak
60/40 60/48 Extra Thin
18 S.W.G. 22 S.W.6.—.028°

ERSIN

FIVE-CORE
SOLDER

MULTICORE SALES CORP., WESTBURY, N.Y. 11590
CIRCLE NO. 20 ON READER SERVICE PAGE
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OPERATION
ASSIST

Through- this column we try to make it
possible for readers nmeeding information
on outdated, obscure, and unusual radio-
electronics gear to get help from other
P.E. readers. Here’s how it works: Check
the list below. If you can help anyone with
a schematic or other information, write
him directly—he’ll appreciate it. If you
need help, send a postcard to Operation
Assist, POPULAR ELECTRONICS, Omne Park
Avenue, New York, N.Y. 10016. Give
maker’s name and model number of the
unit. If you don’t know botk the maker’s
name and the model number, give year of
manufacture, bands covered, tubes used,
etc. State specifically what you want, i.e.,
schematic, source for parts, etc. Be sure
to print or type everything legidbly, includ-
ing your mame and address. Because we
get so many inquiries, none of them can
be acknowledged. POPULAR ELECTRONICS
reserves the right to publish only those
items not available from mormal sources.

Six-Sixty 4-track mono continuous-piay tape deck
Source of tapa cartridges needed. (Allen Padwa, Rock
Hill, N.Y. 12775)

Multi-Elmac Model AF6 transmitter; covers 160-10
meter amateur bands. Schematic and operating manual
needed. (George T. Palecek, 1351 Ironton St., Aurora,
Colo. 80010

Stewart Warner Model 325 receiver: has five 4-pin
tubes. Any available information wanted. (Donald
Rogers, RFD #2, Box 583A, Plattsburgh, N.Y. 12601)

Philco Model 37-610 EZ, code 121, circa late 1930's:
has 5 tubes; tunes 550 kHz to 22 MHz in 3 bands. Sche-
matic, alignment data, and power transformer (part
No. 32-7585N, 220-volt primary) needed. Zenith Model
6S819T, circa 1940; tunes 550 kHz to 22 MHz in 4
bands; lias 6 tubes. Schematic and alignment data
needed. (R.G. Paton, 125 Aotea St., Mission Bay
Auckland §,- N.Z.)

R-48/TRC-8 (Signal Corps) receiver. Schematic and
operating manual needed. (Larry Rybacki, 41 3rd Ave.
N Tonawanda, N.Y. 14120)

Echophone Model =1 battery-operated hroadcast re-
ceiver. Schematic and other data needed. (Robert
Soukup, 1417 E, 8th St., Long Beach, Calif. 90813)

Triumph Model 830 oscillograph. Schematic and operat-
ing manual needed. (Milton Chemers, 4232 Main St..
Skokie, [11. 60076)

Hickok Model 533 dynamic mutual conductance tube
tester. 1956. Schematic, operating manual, and infor-
mation fTor updating needed. (D.M. Shindell, 1535 W.
Weldon Ave., Phoenix, Ariz. 85015)

Hammarlund Model HQ-170, circa 1963-65; covers
6-160 meters. Operating manual needed. (Albert Lane.
13845 Long Lake Dr., Sparta, Mich. 49345)

Dumont oscilloscope, Type 208. Operating instructions.
schematic, and probes needed. (Joseph Dobrzanski,
2903 98thi Ave., Tampa, Fla. 33612)

BC639 AM radio, including power supply and xtal cal-
ibrator units. Schematic needed, plus information on
adding tube or diode detector to unit for FM reception.
(R. Roth, 13617 Bell Rd., Caledonia, Wis. 53108)

(Continued on page 16)
POPULAR ELECTRONICS
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READER
SERVICE PAGE

free information service:

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

1 Print or type your name and address on the

lines indicated. Circle the number(s) on
the coupon below that corresponds to the key
number(s) at the bottom of the advertisement or
editorial mention(s) that interest you. (Key num-
bers for advertised products also appear in the
Advertisers’ Index.)

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

3 This address is for our product “Free
® |nformation Service” only. Editorial in-
quiries should be directed to POPULAR ELEC-
TRONICS, One Park Avenue, New York 10016;
circulation ipquiries to Portland Place, Boulder,
Colgrado 80302.

POPULAH VOID AFTER APRIL 30, 1968
ELECTRONICS riiRoecriin oa 10101

. 1 2 3 456 7 8 91011121314151617 181920
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70 71 72 73 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 99 100

NAME (Print clearly)

ADDRESS
CITY STATE______7IP CODE
e Ch T .
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...not by a long
shotitisn’t !/

There’s certainly nothing top secret about the
classified pages in Popular Electronics Maga-
zine. They're wide open to the searching eyes
of every buyer who's in the market for the
product or service that he knows can be found
in Popular Electronics' Electronics Market
Place.

The more than 400,000 buyers of Popular
Electronics, largest readership of any elec
tronics magazine in the world, are your guar-
antee of knowing that your ad is being read
by people who are constantly looking for and
buying electronics products. It is these peo-
ple to whom you MUST direct YOUR advertis-
ing as do the many key advertisers appearing
in this issue. and in each issue throughout
the year.

No doubt about it—there’s a vast market of
buyers searching the classified advertising
pages of Popular Electronics and it's im-
portant that your ad be exposed to this prime
buying audience. Prove to yourself that the
leading electronics magazine MUST ALSO be
the leader in sales responses to the many
classified ads presently enhancing its pages—
it makes a great deal of sense—give it a try.

There's complete rate information for your
convenience in the classified section of this
issue. Or, if you'd like a little personal service,
it's right up our alley. Just write to

HAL CYMES
Classified Advertising Manager
ZIFF-DAVIS PUBLISHING COMPANY

One Park Avenue ¢ New York, New York 10016

EQST - (Continued from page 14)

Dumont Mode! RA-109-A1 TV/FM receiver. Replace-
ment Mallory *‘Inductuner’” variable inductor, Dumont
part #80003002, Mallory part £235027 needed. (W.J.
Reynolds, 3450 Nicholson Dr., Baton Rouge, La. 70802)

Regency Model FM-100 FM tuner. Schematic needed.
(Michael Satterlee, 4746 Nicolet Ave., Fremont, Calif.)

RME-69 receiver. Schematic and operating manual
needed. (Gary Turner, 10854 Tonibar, Norwalk, Calif.
90650)

GE Model GD-i1 “Universal’’ receiver. Tube layout
needed. (Jerry Monroe. 1305 Greenfield Dr., Alden, N.Y.
14004)

Crosiey Model 11-127 receiver, circa 1950. Schematic
and parts source needed. (Greg Rickmar, 4100 Living-
ston St., N.W., Washington, D.C. 20015)

Candie Model MT-510A transistor TV made by Tokyo
Transistor, Ltd. Schematic and instruction manual
needed. (Allen Jochem, 2047 College Ave., Quincy,
Il 62301)

Doss Model 250 Pioneer Horizontal Sweep Analyst. In
struction manual and schematic needed. (Pat Brown.
209 W. Second St., Claremore, Okla. 74017)

Philharmonic Radio Model 1200 TV receiver, circa
1949. Schematic, service data, alignment instructions,
and source for parts needed. (Ken Yarber, 315 Craw-
ford St., Middletown. Ohio 45042)

Bogen Model El4 p.a. amplifier, circa 1948-1952. Sche-
maltic, servicing manual, and operating instructions
needed. (Roger Urbanik, 11 Creekward Dr., Buffalo
N.Y. 14224)

Radio Shack Model TK-109 ‘‘Miniscope’’ oscilloscope
(3” unit ofrered in kit form a few years ago). Sche-
matic and/or manual needed. (Dave Klein, 107 Benham
Rd., Groton, Conn. 06340)

King Neutrodyne radio receiver, early 1920’s; has 5
tubes. Schematic needed. Kingston Type 2 B battery
converter, 110 volts 60 cyctes. Tubes needed for opera-
tion; also schematic. (Bertrand L. Lavoie, 17 Stone St.
Brunswick, Me. 04011)

E.M. Sargent Model 21 MA receiver, circa 1930-40.
Schematic needed. (Herschel D. Williams, 11750 Pres-
ton Ln., Yucaipa, Calif. 93299)

Heathkit Model AA-100 stereoc amplifier kit. Assembly
manual needed. (Xen Chapman, Rte. 1, Box 596F
Thibodaux, La. 70301)

Harvey Wells Z Match ‘“‘Bandmaster.’”” Schematic and
parts data plus instruction manual for antenna tuner
needed. «Raymond R. Hill, 309 Sycamore St., Green-
castle, Ind. 46135)

Ford Model 04BT truck radio, circa 1961; has 4 tubes
and 2N1227A output transistor. Audio output trans-
former (Bendix part N2090849-2) needed. (Gus A.
Green, 12692 Green St., Boron, Calif. 93516)

Zenith ‘Consoltone’’ receiver, circa 1940; tunes BC and
SW (1.8 to 5.5 MHz). Schematic, operating manual,
and source for parts needed. (Robert Gormley, 5
Cantitoe Rd., Yonkers, N.Y. 10710)

Heathkit Model AT-1 transmitter. Schematic and oper-
ating manual needed. (Kent Harris, 4307 Myerwood
Dallas, Texas 75234)

Globe Star Model 4463 CB unit. Schematic and any
available information wanted. (Roy Alexander, 3551
Santa Clara Ave., Alameda, Calif. 94501)

Precision Apparatus Model 920 tube tester. Roll charts
needed (preferably chart DRC G2B). (Joseph E. Long
534 Alice Pl., Woodbridge, N.J. 07095)

USM-24A Navy oscilloscope. High voltage transformer
and/or scope suitable for parts source needed. Meissner
Model EX signal shifter. Operating information and/or
schematic needed. (Ambrose Barry, 135 N.W. Dr
Patrick AFB, Fla. 32925)

(Continued on page 96)
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The SKIPPER...so much...for so little!

A FABULOUS new 23 channel CB transceiver . . . atanew low price . . . with features not found
in other units irrespective of price! Squires-Sanders has taken the best of its latest technical innova-
tions . . . developments that the company is noted for in exotic military equipment. . . to give you
for the FIRST time: ® superb no overload receiver with space age dual conversion FET and IC circuit
design ® advanced design noise limiting ® illuminated S meter and channel readout ® solid state T/R
switching ® effective Speech Clipping ® 100% modulation ® new American P.T.T. mike ® Local/
Distant sensitivity control ® provision for external speaker ® switchable Public Address ® positive
push button switches® Exclusive “‘All Position” Safety Breakaway Mount ® Water-proof treated
speaker ® recessed controls ® satin chrome die-cast panel ® only 3 Ibs.; 1% x 6 x 7-7/8"". Write today
or see your distributor for full color, detailed liter-

ature. Made in U.S.A. . |  SQUIRES-SANDERS, INC. 5 a
PRICE: $15995 |  Gentlemen: Please rush detailed 4 color lit- |
l erature on the fabulous new SKIPPER. | am ‘
. | interes_ted in usi_ng it in [ Private auto |
Squires Sanders | fuines venide © o '
® I Street. [

|

R i City State Zip
Squires-Sanders, Inc., Box A, Liberty Corner, N.J. 07938 b e e —

CIRCLE NO. 29 ON READER SERVICE PAGE
March, 1968
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NTS PUTS

THE M

TS -

'NEY.s

... FAST!

NTS Home-Study training is for men in a hurry to move
up! NTS Electronics Courses are geared to the needs
of the electronics industry. This is up-to-date training.
As modern as tomorrow,

Our close working relationship with electronics com-
panies all over the country is the key. They tell us what
you need to know to be a top-flight technician. They

keep us informed of new, exciting career opportunities.
With this information, we constantly revise our courses
to keep our home-study students one step ahead. in
an industry that moves so rapidly, advancement comes
quickly to the man with NTS training.

Since 1905, NTS has been leading ambitious men to
where the money is. Join them.

EXCLUSIVE! ONLY FROM NTS! ALL NEW KITS... MAKE IT FUN TO LEARN, EASIER TO EARN.

Fot the first time! The greatest lineup of electronics
kits ever offered to train you for the space-age. Only
NTS has them. Designed for tomorrow...each has all

Lo 4 .
L B

25”7 COLOR TV: Included in Color TV servicing courses

...to prepare you for the big demand for qualified
service technicians. This is where the big money is.
More than 16 million homes will have color TV by
the end of this year. You can cash in on the
boom. You can take a giant step ahead with
professional training from NTS.

NEW KITS!
ALL NEW

the Tatest electronics advances built in. NTS trains you

better. NTS makes it fun to learn, easier to earn more,

TODAY.

E

COMMUNICATIONS: Transceiver included in Communi-

cations Courses. This modern equipment is an impor-
tant element in communications. You get it, you
build it. With it you easily prepare for the F.C.C.
License Exam. You-become a fully trained man
in communications, where career opportunities
are unlimited.

COURSES!

DESK-TOP COMPUTER: professionally de-
sio=d exclusively for NTS. Included with your Indus-

nd Computer Electronics Course. You can't get this
*er kit, or anything like it, anywhere else. The special

computer and integrated circuitry of the training
kits prepare you for a big career in this giant indus-

try. These are the first kits offered by any school which

include actual integrated circuits,
POPULAR ELECTRONICS
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LEARN MORE EARN MORET IN ELECTRONICS

SIGNAL GENERATOR, VTVM, AND TUBE CHECKER

INCLUDED WITH NTS ELECTRONICS COURSES. These
are invaluable instruments for all kinds of Efectronic
and TV-radio servicing work. You learn to use them
early in your training. Begin trouble-shooting work to
earn money even before you've completed your course.
Many of our students have more than paid for their NTS
home-training this way—even before they graduated!

With these professional instruments, you are well-
equipped to go-into a business of your own. They're all
you need to pinpoint most of the trouble spots in TV,
Radio, or other electronic components. You get them

YOUR OWN BUSINESS

The big jobs belong to the men who prepare for them.
You can earn money —learn how to start a business of
your own—with NTS home fraining.

NTS starts you out right with the exclusive Project
Method Career Kit. Contains everything you need to
make your training easy. Keeps you organized. You
learn faster. You move ahead that much sooner.

You can get all the details on the many advantages of
NTS Project Method home training. It’s all in the NTS
catalog, along with pictures and information on all the
equipment and exciting kits you receive and keep. Tells

at no extra cost—~as part of your NTS training. you all you need to know to get started.

HIGH SCHOOL AT HOME

National offers ac-
credited high
school programs.
Take only subjects
you need. Study at
your own pace.
Everything includ-
ed at one low tui-
tion. Check special
high school box in
coupon for full in-
formation and FREE
catalog.

CLASSROOM TRAINING
AT LOS ANGELES:

You can take classroom
training at Los Angeles in
sunny Southern California.
NTS occupies a city block
with over a million dellars
in facilities devoted exclu-
sively to technical training.
Check special box in coupon.

NATIONAL Gz SCHOOLS

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

TRAINING NATIONAL SCHOOLS

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

NEW COLOR CATALOG
& SAMPLE LESSON.

ou enroll by mail only.
o salesman will call.

ccredited Member National Home Study Council 'T:sl' £

Accredited Member National Association of Trade & Technicai Schools i #org o7

PROGRAMS

Please rush Free Color Catalog and Sample Lesson, plus detailed information on field checked bhefow. No obligation.

I
AT |

' 1 Master Course in Color TV Servicing

NAME
J O ColorT¥ Servicing for Qualified Technicians | |
J O Master Course in TV & Radio Servicing ADDRESS ___ [ |
' [ Practical TV & Radio Servicing cliy® STATE "
] Master Course in Electronic Communications -
Please filf in Zip Code for fast service":::j ,

[ FCC License Course
{7 Industrial & Computer Electronics
[ Stereo, Hi-Fi & Sound Systems ]

[] Check if interested ONLY in Classroom Training

9§ [ Basic Electronics [ High School at Home at Los Angeles.
g T R R Y ' "R Y EFE R ' ® B _§ 0 B 0 0 |

[ Check if interested in Veteran Training under
new G. 1. Bill. (Dept. 205-38)

March, 1968 21
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S INEW
| JProDUCTS

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 mail the coupon on page 15 or 115.

COMMUNICATIONS RECEIVER

Although designed for professional applica-
tion, the Galaxy R-530 is a high-frequency
communications receiver priced within reach
of the discriminating radio amateur and
serious SWL. Having a continuous frequency
coverage of 0.5 to 30 MHz, the solid-state unit
offers reception of selectable upper or lower
sideband, AM, CW, and RTTY signals. It in-
corporates a phase-locked fundamental oscil-

lator, permeability-tuned-oscillator variable
frequency control, adjustable BFO control,
variable r.f. attenuator, and an adjustable
noise blanker. Frequency stability: less than
100 Hz drift after turn-on. Frequency ac-
curacy: 1 kHz throughout the range. The use
of crystal lattice high-frequency filters makes
for optimum selectivity.

Circle No. 75 on Reader Service Page 15 or 15

AM/FM RADIO AND CASSETTE RECORDER

You can tune in any station in the AM or FM
broadcast bands, and just listen to it, or press
a button and record for up to two hours with
Concord Electronics’

Model F-103 ‘“Radio-
corder.” A single
control in this
portable, all-tran-
sistor radio/re-
corder system is
used to start,
stop, and rewind
the cassette tape.
A telescoping
whip antenna is
built-in for the
FM section of the superhet receiver, and an
a.f.c. circuit makes for good reception. The
recorder section features capstan drive, 1%

22

in/s tape speed, remote control dynamic mi-
crophone, record level/battery condition me-
ter, and automatic shut-off in the play and
fast wind modes. An acoustically matched
speaker (with external output and monitor
switch) is provided.

Circle No. 76 on Reoder Service Page 15 or |15

SOLID-STATE STEREO TUNER

Excellent selectivity (42 dB) and capture
ratio (2.5 dB) are made possible by the in-
clusion of an integrated circuit i.f. strip in
H. H. Scott’s low-cost Model 315B stereo
tuner; the strip uses the equivalent of 20
transistors. In addition, the silver-plated FET

front-end is said to virtually eliminate inter-
ference, as well as provide a sensitivity of 2.2
#V and freedom from drift. Time-switching
multiplex instantly and silently switches the
unit to stereo mode, and the 315B incorpo-
rates a stereo indicator light which operates
only on a true stereo signal, never on noise.

Circle No. 77 on Reoder Service Poge 15 or 115

SOLID-STATE 5-WATT TRANSCEIVER

Successor to Lafayette Radio Electronics’
well-known HE-20 series is the Model HE-
20T—an FCC-Type-Accepted solid-state CB
transceiver with 12 crystal-controlled trans-
mit channels plus 23 tunable receive chan-

nels. Features include a 455-kHz mechanical
filter, variable squelch, automatic series-gate
noise limiter, relative r.f. output “S”-meter,
spotting switch, p.a. and selective calling pro-
visions, and built-in 117-volt a.c. and 12-volt
d.c. positive or negative ground power sup-
plies. The HE-20T is furnished with a PTT
dynamic microphone, channel 9 crystals, and
an adjustable mobile mounting bracket.

Circle No. 78 on Reader Service Page |5 or 115

STATIC STRAPS

Static straps introduced by Hallett are said

to add miles to a car radio’s reception range

by minimizing static discharges. They bond
(Continued on page 24)
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We admit it. We're tough to work for.

But we get results.

The brand new Companion 1V, for instance.
1t's smaller. [2¥4 (h) x 82 (w) x 636 (d) ]

And lighter in weight. [334 pounds]

But it’s jam-packed full of the good things a
good radio should be full of. Sample:

Front,bottom and telephone handset speakers
which, for the first time, guarantee unobstructed
sound no matter where the radio is mounted.
And which give an extra measure of tone fidelity,
plus increased volume with less distortion than
ever before.

Four more channels than its predecessor.
Ten in all.

Touch-tap tuning which allows you to change

Our Moo:

channels just like that.

A greatly improved noisc limiting circuit.
And we mean greatly improved.

Electronic switching.

Receive and transmit indicator light.

L-C filter for razor-sharp selectivity.

Two R-F stages in the recciver.

And a choice of either palm microphone or
telephone handset at no extra cost.

The price: $139.90.

The point: Buy it. It's a great little radio.

See the Companion IV at your authorized
Pearce-Simpson Dealer Showroom. Or mail this
coupon for a free brochure on the entire line of
Pearce-Simpson Citizens Band Radios and a list
of dealers in your arca.

The Companion IV

If you can't put10 channels and

3 speakers into a $13990 radio, you're
not Pearce-Simpson material.

PEARCE-SIMPSON. INC.

brochure.

Name

P.O. Box 800/Biscayne Annex. Miami. Fla. 33152
Gentlemen: I like your motto. Please send your
PE -368

Address

City

State Zip

Overseas military personnel may write for special price list.

F C.C Type Acceptance pending

CIRCLE NO. 23 ON READER SERVICE PAGE
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?ROI&CTS C on;mued from page 2;7

the hood to the firewall, engine to frame,
trunk lid to body, etc, and are available in
lots of four 8” and four 6” straps, plus 16 hex
bolts with self-contained lock washers. Com-
plete installation instructions are furnished.

Circle No. 79 on Reader Service Page I5 or |15

ELECTRIC AUTO ANTENNAS

Two models of electric auto antennas, plus
an extension kit, are being offered by the
Brach Division of JFD Electronics. Model
86-6753 is a front-mount antenna, and Model
86-6756 is a rear-mount antenna. Both have
a 5-section, 46” mast, and an 18-20 1b. thrust
developing motor which raises or lowers the
antenna even in sub-zero weather. The rear-
mount extension kit, Model 86-6755, is op-
tional with the front-mount antenna. It con-
sists of a 180” cable extension and a 1807
electric harness extension with an up-and-
down control switch, bracket, and adapter
pad.

Circle No. 80 on Reader Service Page 567 115

EXCLUSIVE AUTOMATIC TURNTABLE

Perfect tracking during either manual or
automatic play is claimed for the Elpa PE-
2020 turntable: an exclusive control in the
cartridge allows you to set a 15° vertical
tracking angle for every record. Among the
PE-2020's other
features are an
automatic anti-
" skating device,
a cartridge
- shell that ac-
' cepts all cart-
ridges with an
exact slide-fit
mounting, a
single-lever
command cen-
ter (for start, stop, repeat, cueing, and lift),
automatic start and automatic shut-off with
either a single record or a stack of them. The
PE-2020 is also said to have the lowest record
drop in automatic operation of any auto-
matic turntable.

Circle No. 81 on Reader Service Page 15 or |15

SOLID-STATE TV PREAMPLIFIERS

According to JFD Electronics, its two new
mast-mounted preamplifiers can handle twice
as strong an input signal than any previously
developed solid-state preamplifier. The
“Snowplow” Model SP2300 uses 300-ohm twin
lead; the “Snowplow” Model SP2700, 75-ohm
coaxial cable. Designed to meet the stringent
requirements of color TV, these preamps can
handle up to 40 dBmV on the high band, in-
suring no overload from strong local station
signals. Gain is 15 dB on all VHF/FM chan-
nels, and output is adequate to supply signals
to two or more TV or FM receivers. Both

24

units are shipped complete with remote
power supplies and mounting hardware.

Circle No. 82 on Reader Service Page I5 or [ [5

SIX-BAND RADIO RECEIVER

Witk the imported “Star-Fire VI’ 18-transis-
tor receiver available from Lafayette Radio
Electronics, you can listen to three short-
wave broadcast bands (1.6 to 23 MHz), the
AM and FM broad-
cast bands, and the
VHF-FM police
band. Designed to
operate on four “D”
batteries (or on 117
volts a.c. with an
optional adapter),
the “Star-Fire VI”
has two 4” built-in
hi-fi speakers and a
world-wide short-
wave time zone
chart (see photo).
Other features:
a.f.c. to eliminate drift on FM, push-button
controls, signal strength tuning meter, and
earphone jack. The unit is supplied with ear-
phone, batteries, and a booklet containing
listings of short-wave stations all over the
world.

Circle No. 83 on Reader Service Page 15 or |15

Tay T ——
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TEFLON ““CUT-OFFS” AND PIPE SEAL

Teflon “cut-offs” are being offered by Ed-
mund Scientific in a variety of blocks and/or
tubular and solid rods for all sorts of uses.
You can make miniature bearings or wash-
ers, use them for weatherproofing or as anti-
friction liners for drawers, windows, etc., or
as special insulators. They come by the
pound. Also being offered by Edmund is Tef-
lon tape pipe thread seal for making leak-
proof pipe joints—it’s available in a 300” roll,
%" wide x 0.0035” thick.

Circle No. 84 on Reader Service Page 15 0or 115

(B/AMATEUR RADIO ANTENNAS

Three new antennas have been introduced by
Mosley, one of which—the “Lancer 23”"—is a
deluxe CR mobile antenna intended also for
the CB’er who wants to become a ham, and
for the ham who works the CB channels. For
the CB’er, the “Lancer 23” is equipped with a
10-meter coil; the amateur can purchase it
with interchangeable coils for 10 to 75 meters.
The second antenna—for Novice hams—is the
X-15, a two-element, easily constructed, do-it-
yourself antenna. When a Novice becomes a
General, he can adapt the X-15 for 10 meters
by a simple readjustment of the elements ac-
cording to the instructions given. And, finally,
there is the “Classic 10-15”: an amateur radio
antenna which covers the popular daytime
15-meter DX band as well as 10 meters. The
“Classic 10-15” can also be stacked with 20
and/or 40-meter beams if desired.

Circle No. 85 on Reader Service Page 15 or 115
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SPEGIAL lﬂth ANNIVERSARY ISSlIEm

7 T/
?4‘ o

Wiget | 122 >ELECTRONIC

zZ
&

WINTER EDITION

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

You'll build such valuable units as . . ., a
solid-state CD ignition system . . . a sequence-
operated lock . . . a metal locator . . . a two-
by-two stereo preamplifier . . . a 70 watt per

In short, Happy Anniversary to us . . .

EXPERIMENTER'S |

e

channe! hi-fi amplifier
...a VOM range splitter
. an IC binary counter
. and Tesla's thermo-
magnetic motor!
Each has complete

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

tions that guarantee you
perfect finished prod-
ucts. PLUS expert tips
'n techniques designed
to build your electronics
skill. You'll keep up with
the latest advances in
the field, learn many professional methods and
shortcuts . . . and develop that extra technical
know-how you get only from practical, first
hand experience.

means Happy Hobbying to you. For this big

10th Anniversary edition of the ELECTRONIC EXPERIMENTER'S HANDBOOK // I
is the best vet—sure to be grabbad up by electronics enthusiasts |
GET THE everywhzre. Use the coupon below to order your copy today! 77 TIFE-DAVIS |
DELUXE. SERVICE
LEATHERFLEX-

BOUND EDITION

for just $3 POSTPAID!

The Winter 1968 ELECTRONIC

EXPERIMENTER'S HANDBOOK is

also ava lable

in a splendid

deluxe edition.

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

1968 ELECTRONIC
EXPERIMENTER'S
HANDBOOK

Morch, 1968

OM // OK!
$7125

//DIVISION DEPT. EEHF
595B'way, N.Y., N.Y. 10012 |

Send _me the all-new
#  Winter 1968 ELECTRONIC EX-
// PERIMENTER'S HANDBOOK.
V4 [] $1.25 enclosed, plus 15¢ for shipping
#” and handling. Send me the regular edition.
#”  (31.75 for orders outside the U.S.A.)

7 " ] $3.00 enclosed. Send me the Deluxe Leatherflex-
ou

7 nd edition, postpaid. ($3.75 for orders outside the
U.S.A)) Allow three additional weeks for delivery.
I name
l addfess PLEASE PRINT
' city PE.38
I state zip code

I ! missed the big Spring 1967 edition. Please send me the (] regular I
l_edmon ] Deluxe Leatherflex-bound edition. (Prices same as above.)
== sPAYMENT MUST BE ENCLOSED WITH ORDER » s =l
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For Superior
Base Station

Communication
Power...

aNanti PM ”E |
gmoantenna

The Only Antenna That
RADIATES FROM THE TOP...

e - i e

_Ordinary collinear or ground plane antenna
signals are blocked . they radiate from
the bottom. !

= Tau‘w =
5 Qoloat i IL“ "l
. Astro Plane gets its signal over obstacles . . .
w it radiates from the top. DS S
L 7 P T -
7 G # -_hw T_ e -
: e o e :
TS Tom] o
e IBEI=I=l =] ocs | TueGr ,_(\
ntagoa A | T= s nca aojoa 3
. =4 AELEL ol

The Avanti Astro Plane is a revolutionary innovation in
omni-directional, base station antenna design. Astro Plane
concentrates radiation on top to pack maximum signal
strength at the highest, most efficient position. Ordinary
collinear or ground plane antennas spread radiation near
the long drooping radials at their base and develop little
or no signal strength at the top.

Astro Plane’s power on top feature provides a special
interest for CB'ers. It's the only antenna that can generate
signal strength at the very top of the full legal antenna
height limit. Astro Plane's unique design assures getting
maximum signal power over nearby buildings, power lines
or difficult terrain that block performance of ordinary
antennas.

Astro Plane, like the Avanti PDL (Polar
Diversity Loop) is another example of
how electronic research provides su-
perior antenna performance -— See
them both at your favorite: CB Dealer
or write for information.

antenna division

-
aavant
research & development,inc.
Dept. G 45 West Fullerton Ave.
Addison, Illinois 60101

CIRCLE NO. 32 ON READER SERVICE PAGE
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COVER STORY

Build Ulira-Fast
Electronic Stopwateh

BY DON LANCASTER

ROBABLY the most accurate time
‘ measurement instrument ever to be

USING OUR made available to the electronics experi-
menter, this “Electronic Stopwatch” is a
LO S small-size, precision, multi-use instru-
ment that can count events from 0 to
DE 1 COLINTING 999 at any speed up to 10 million counts
per second. It can accurately time the
UNIT duration of any single event with 0.1%

accuracy, or it can indicate the time in-
terval between two different events with
both occurring within a one-second time
interval—in fact, it can very easily time
a speeding bullet in flight!

March, 1968 27
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TIMING MODULE PARTS LIST

C1—120-pF, dippcd mica capacitor

C2,C3—-0.005-uF . 50-volt Mylar capacitor

C 100-uF7, 6-volt electrolvtic capacitor

C5—0.1-uf, 10-volt disc capacitor

1C1—Quad two-imput gate (Motorola AC724P)

1C2.1C3.1C4, IC5-—Dual IK flip-flop ( dotorola
MC790P)

1C6-—Bufler (Fairchild uL900)

R1. R2—10.000-0/m, }y-watt resistor

XTAL—100.0-#1z series-resonant crysial

1—"6" x 37 x 35" printed circuit board—see

lext

Misc—Crystal clip (1), small eyelets (2), #22
solid wire jumpers (7), PC terminals (14),
nounting hardware, solder

NOTE: The following are available from South-
west Technical Products Corp.. Box 16297, San
Antonio, Texas, 78216: Etched and drilled PC
board, $3.25, complete kit of timing module
parts. $24.00.

There are six built-in switch-select-
able time resolutions ranging from 20
microseconds to one millisecond; or, you
can select external manual timing up to
as long as you want. Readout is on a
series of three decimal counters (see
“Low-Cost Counting Unit,” Feb., 1968).

The circuit includes a special synchro-
nizer that prevents any last digit “bob-
ble,” while a reset selector allows either

IRE JUMPERS
T SIDE
iSHOWN(H

'\&’-—‘- /

+67 DRILL{106
i {106)

Vs

1/16 "DRILL 8 SET
<+~ PC TERMINALS

COMPONENT

SIDE{14)

3-172" -
Kvs ORILL &
IVET XTAL
Df"r—'“cup IN PLACE
COMPONENT
SIDE(2)

e G=—T0 SUIT
MOUNTING

RS

e 3- {

i

Fig. 3. Drilling guide for the timing module PC
board. Mount parts calied out on component side.

automatic or manual resetting of the in-
strument. or will allow the reading to
pile up for long-term accuracy.

If desired. you can add an optional
output jack to get very precise one-sec-
ond timing pulses for use in electronic
clocks or other timing applications. You
can also scale any input frequency by
10, 100, or 1000, as well as use the instru-
ment as a highly accurate oscilloscope

Fig. 2. Actual-size printed board for
the timing module. This board is the
same size as that used for the decimal
counting unit, greatly simplifying the
packaging of the completed stopwatch.

March, 1968
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B T LY
-~ el L 1
Aes & - g ‘i
o HEALLL o
\ > 'f -
\ v, : - 20
3
XTAL
l U 50
— i P — -
(92
g & — B 00
2 '_:Q' s q°
¥ b - l .}_j.
MAN GND +
RESET

Fig. 4. Timing module components. Observe polar-

ity of the capacitors and alignment of the six IC's.

sweep time calibrator. It even generates
random three-digit numbers for contests
or probability studies, and it does all
this powered by either the a.c. line or a
six-volt battery.

Cost of this project? You can build
one complete for $50 to $80 depending

POWER SUPPLY PARTS LIST

C1, C2—18,000-uF, 10-volt computer-grade
clectrolytic capacitor (Spraguc 183G010AC or
similar)

C3, C4—0.1-uF, 10-volt disc capacitor

DI, D2—1X4001, 1-ampere, 50-volt silicon power
diode

F1-=-0.5-ampere juse

RECT 1—1.5-ampere, full-wave bridge rectifier
( Motorola MDA942-1 or similar)

T1-—Filament transformer, 6.3 volts, 1.2 amperes
(Kuight 54B1419. Stancor P6134, Thordarson
26F 60 or similar)

Misc~332" x 3" x 37 aluminum mouating bracket
1o suit enclosure, capacitor mounting clips (2},
fusc holder, small terminal board, pop rivets
(4), ground lug, ¥#6 hardware, terminals for
C1,C2, wire, solder

NOTE: A complete kit of .all the above parts is
offered by Southwest Technical Products Corp..
Box 16297, San Antonio, Texas 78216 for $11.00

Fl
54

RECT!
MDA9AZ - |

on how fancy a cabinet and finish you
want. Dialplates, circuit boards, and
complete kits are available (see Parts
Lists). While not a beginner’s project,
the stopwatch is not difficult to construct;
and when it is finished, you will have a
piece of test equipment equal in perfor-
mance to units costing ten times as much.

Timing Module. Because complete con-
struction information for the decimal
counting unit was given in the February
issue, only the remainder of the “Elec-
tronic Stopwatch” will be covered here:
the timing module; associated power sup-
ply; and all internal switching.

The schematic for the timing module
is shown in Fig. 1. As with the decimal
counters, because of the complexity of the
circuit, the printed circuit board shown
actual-size in Fig. 2 should be used. The
board should be drilled and the seven
wire jumpers installed as shown in Fig.
3. Then, install the components in ac-
cordance with Fig. 4.

Use a small, clean soldering iron and
fine solder, double-check the orientation
of all parts, and make clean solder joints.

Optional Parts
for battery operation

D1—1N4001 diode

F2—1-ampers slow-blow fuse

S1-—S.pd.s. slide switch

Misc.—Fuse holder, rear case terminals and bat-
tery conncclors, 6-volt automolive slorage bat-
tery, optioval mounting for BATT/A.C. switch

3
AL T8 Fig. 5. Suggested power supply for
SUPPLY use with the ‘‘Stopwatch.” Break
-9 9@+ at “x" and use dotted clrcuit if

unit is to be battery powered.

1A

0

IN4AOOI
X

éBaTT

D02
IN&QO!

YEL =

POWER
INPUT o

(plus 2 pounds postage).
” YEL

v

+

RED

e
18,000u% JMF

BLX

P e —— -

ONLY CASE /7 [7

CONNECTION
EXCEPT FOR

!

GND

3

+4
(+6V)

]

+
{r3.6V)

31,J2,93 :
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TERMINAL BOARD
FOR SMALL
COMPONENTS

Fig. 6. The power supply is buiit on a 3” x 3" piece
of heavy-gauge aluminum with a 114" mounting lip.

STOPWATCH PARTS LIST

J1,72. 13—Phono jack (RCA type)

M 1—Electronic stopwatch timing module

M2, M3, Md—Decimal counter module (see
“Low-Cost Counting Unit,” Fcbruary, 1968)

MS5—Power supply module

R1—47-0lim, Va-walt resistor

R2, R3—1000-0/m, Y4-watt resistor

R4—100-0/1m, Yi-wait resistor

S1—Three-pole, four-position, nou-shorting se-
lector switeh (Mallory 32347 or similar

S2—Single-pole, six-position nen-shorting
lector switch (Mallory 32267 or similar)

§3—S.p.d.t. slide switch

S4—S.p.d.t. push-button switch

Misc.—Case. chassis, line cord and strain relief,
knobs (2), backup plate for controls, feet. mod-
ule mounting hardware, trim panel, wire nut,
wire, solder

Se-

NOTE: Hard anedized aluminum dialplate avail-
able from Reill’s Photo Finishing, 4627 N. 11th
St., Thoenix. Arizona 835014, as Stock ESW-1:
in silver for $2.75; red, gold, or copper for $3.25:

postpaid in U.S.\.
——————— ~— OPTIONAL BATTERY INPUT
N7VE0 r (ADD DECK TO SI (F ON~OFF
| ——— ~- CONTROL IS WANTED)
]
[T
—
]
OFF / ++ - _
A \POWER +
y—a (INPUT
|( | GND®
AB |
— i
| QEVENTS et =
SUPPLY
q JI{ @ | AN
A | R2
| 1K
2(e— s —
B _‘ i -
| l K
J3fe !
o T W
| aTn
- o |
= | N
( L CARRY CARRY CARRY
i {—® GND -
>—9 § MAN
|
l ih CReseT COUNT COUNT COUNT
L T €
2R3 ' I
S K 1 —en
i ! GND GND GND
—te »>
I- . RESET RESET RESET
+ + +
++ 4 ++
M2 M3 M4
UNITS TENS HUNDREOS
DECIMAL OECIMAL DECIMAL
COUNTER COUNTER COUNTER
]
' auTO OPTIONAL ~md
1 SECOND
(31000)
s3 SuTPuT
Fig. 7. Interconnection circuit for the five
modules which make up the complete unit.
March, 1968 ===
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"UNITS"
DECIMAL

"TENS" "HUNDREDS"

DECIMAL  DECIMAL TIMING POWER
COUNTER COUNTER COUNTER r,?-'DULE SUPPLY

Fig. 8. Rear of author’s “‘Stopwatch’”
before wiring. Looking from the
front, the ‘‘units’”” counter is on
the right, the *‘tens’’ counter in the
center, and the ‘““hundreds’ counter
at left. Power supply occupies the
empty area behind the switching.

Note that all rectangular IC’s are identi-
fied by a notch and dot code on one end,
while the one round one (IC6) has a flat
side opposite pin 8.

Power Supply. The power supply has
to supply both 3.6 volts (4+) and 6 volts
(+-+) at one ampere and with a low
ripple. A suitable supply, shown in Fig.
5, consists of a transformer-powered
bridge rectifier followed by a capacitor-
input dynamic two-diode regulator. Do
not skimp on the value of C1 or €2, as
the values given are the smallest satis-
factory capacitance values.

It is probably best to build the power
supply on its own small subchassis, as
illustrated in Fig. 6, which is simply an
L-shaped aluminum bracket, cut to suit
your particular case. Mount all com-
ponents on this bracket, using a small
terminal board to support the smaller
electronic components. Make certain that
you use only one ground lug (as shown
in Fig. 5), and make sure that no other
wiring touches the metal chassis.

X-FOR "EVENTS" |,
Y-FOR A" OR "A-8
MAX.COUNTING SPEED=100 COUNTS/SEC

:l-:.lyF

If you desire the convenience of bat-
tery operation (6 volts only), add the
circuit shown by the dotted lines of Fig.
5. The power supply circuit must be bro-
ken at point “X” and a battery/a.c. se-
lector switch installed so as to switch the
filter circuit from either the a.c. power
source, or the external battery d.c. source.

Overall Assembly. Figure 7 is the com-
plete stopwatch interconnection sche-
matic diagram. The overall assembly

=9

-~
100pF

pY

A

Fig. 9. A push-button signal conditioner

PUSHBUTTO?A():ONDITIONER

2
S

is shown above (a), while a mechani-
cal contact signal conditioner is shown
at left (b). Both of these circuits pro-
vide a bounceless puise each time they
are operated by the external switches.

MECHANICAL CONTACT CONDITIONER
(8)

32
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consists of three dec mal counter mod-
ules, the timing module, the power sup-
piy module, four resistors, four switches,
and three input jacks.

Almost any case configuration can be
used for the instrument, and the photo
on page 27 shows the one used by the
author. A commercially available dial-
plate (see Parts List) can be used as a
layout guide for the front-panel selector
switches and input jacks. Figure 8 shows
the author's version before the intercon-
nections were made.

Wire the various modules and switches
together in accordance with Fig. 7. Use
color-coded leads, and note that the deci-

FAR SCREEN NEAR SCREEN
T
4700 4700
ApE ABF
= A le 8
[ X |
T |

X IN FEET X 1000

I =
VELOCITY IN FEET PER SECOND= 275 [TION X COUNTER READING

Fig. 10. For ballistic velocity measurement (vehicle,
projectile, or other speeding object), use a break-wire
contact. Set the ““Stopwatch’’ in the ““A-B’’ position
to make the measurement. Break-wire A’ must be
broken before break-wire ‘B’’ for correct operation.

mal counters are wired from left to right,
viewed from the rear—so that when
viewed from the front (in the normal op-
erating position), ‘“unit’s” are indicated
on the right, “ten’s” on the middle, and
“hundred’s’” on the left counter.

Preliminary Checkout. Once you are sure
that all wiring is correct, place the func-
tion switch (S1) in any position other

Author’s unit before the power supply was
mounted and interconnections made.
Any other arrangement can be used de-
pending on cabinet available. The dial-
plate will give exact front-panel layout,
and also has switch position identification.

March, 1968

than “OFF.” Oze iamp i1 2ach counter
should light. Depressing the “RESET
push button (S84) should return ail
counters to “000.”

Place the function switch in the “A”
position, and the timing switch (82) in
the 1.0 millisecond position. Plug a phono
cable into the front-panel “+” jack and
touch the other end of the cable (center
contact) to the “A” input internal con-
tact. The counters should cycle only dur-
g the time that this connection is
made.

Note that the “unit’s” indicator lamps
have a dull glow (signifying very rapid
counting), the “ten’s” lamps flicker slow-
ly, while the “hundred’s” counter ripples
from 0 to 9 (and repeats) once each sec-
ond. Rotating the timing switch pro-
gressively through the .5-, .2-, .1-, .05-,
and .02-millisecond positions produces a
corresponding speedup of the flicker on
all counters.

Place the function switch in the “A-B”
position and “RESET" for all zeros on
the counters. Return the timing switch
to 1.0 for best viewing of the counters.
Using the phono cable, application of the
“+” to input “A” should start the coun-
ters cycling, and they should continue
cycling even after the cable is removed
from “A.”’ Inserting the “+4” to input
“B” should stop the counters.

Place the function switch in the
“EVENTS” position, and “RESET” for
all zeros. Place the “MAN/AUTO” switch
(83) in the “MAN” position. In this
mode, the instrument will count once
for each time that you apply the “+” to
the “A” input. This count will be erratic
since there is no way that you can keep
from bouncing the contact as you make
and break it; this is also why you have
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X-TIMES PRESENCE OF LiGHT
Y-TIMES ABSENCE OF LIGHT

Rl
200K
SSENSITIVITY

MC789P
TOP VIEW

Fig. 11. This high-speed photo
a pickoff employing a silicon pho-
to-diode is extremely useful in
timing fast camera shutters,
dragsters, or any high-speed
phenomena where a beam of
light can be interrupted. The
switch permits operation either
with presence or absence of light.

TIME IN MILLISECONDS=RESOLUTION X COUNTER READING

PHOTO PICKOFF PARTS LIST

C1—350-uF, 6-volt clectrolvtic capacitor

D1—Silicon photodiode ( Texas Instruments H-38
—Do NOT substitute)

ICI—Hex inverter (Motorola MC7890)

Q1—MPS2925 transistor ( Motorola)

R1—200,000-0hm miniature potcintiometer

R2—22,000-0lm, Y4-watt resistor

S1—S.p.d.t. slide switch

Misc.—DPhotocell shroud, interconnecting cables,
phono plugs, solder

NOTE: A complete photo pickoff kit is available
from Southwest Technical Products, Box 16297,
San Antonio. Texas 78216, for $8, postpaid in
U.S.A.

to “condition” all inputs for meaningful
measurements.

Signal Conditioning. Proper signal con-
ditioning is a must for accurate use of
the stopwatch. As the counters ‘‘read”
each input pulse, the input signal must
be bounceless; that is, there must be
one, and only one, pulse for each time
that the sensor operates.

A signal conditioner for use with a
mechanical push button is shown in Fig.
9(a), while Fig. 9(b) shows one method
of signal conditioning for use with a
mechanical contact.®

Velocity Measurement. For a ballistic
velocity meter (bullet or ‘“break-wire”
pickoff ), use the circuit shown in Fig. 10.
In this case, make sure that event
“A” stops before event “B” starts, and
that the spacing between the two pick-

*A few signal-conditioning circuits were shown
in Fig. 7 of the Counting Unit’’ article which
appeared in the February 1968 issue. Figure 7(a)
and (b) showed two approaches with mechanical
switches, while Fig. 7(¢c) and (d) illustrated two
methods of signal conditioning with sine-wave
generators,
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Top view of the timing module PC board with all
components mounted. Connections to the board are
made via the PC terminals affixed to the board.

offs is measured to within 0.1% accura-
cy, if you want your instrument to be
that accurate.

If you are going to measure the speed
of a bullet, place the first screen (“A” in-
put) far enough from the gun muzzle to
avoid blast effects. As the bullet passes
through the first screen, it starts the
“Stopwatch”——when it passes through
the second screen the instrument stops.

To measure the velocity of a car, or
other speeding objects, make sure that
the same portion of the object whose
speed is being measured breaks both
wires. The velocity in feet-per-second for
an object traveling between the screens
is clearly shown in Fig. 10. For example,
if counter resolution is set at .02 milli-

(Continued on page 92)
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MODULATION MONITOR

PHONES VOLUME

ANY HAMS AND CB’ERS would

clean up their phone rigs if they
could hear what their transmissions
really sound like. Unfortunately, those
who do monitor their signals via a re-
ceiver in the shack forget that overload-
ing of the receiver can produce distor-
tion. Worse still, the receiver tends to be
insensitive to the things that are so an-
noying to distant listeners.

Day-to-day monitoring, however, is
an excellent idea. A simple crystal re-
ceiver and audio amplifier module (La-
fayette Radio Electronics No. 99 H 9039,
or similar) as shown in the schematic
diagram will do the job. You need only
apply power to the amplifier and clamp
a pair of headphones over your ears to
monitor your own modulation—certainly
a lot simpler than having a friend across
town try to explain what's wrong with
your signal.

BUILD A

Modulation

y [ ]
Monitor
FOR HAM AND CB
TRANSMISSIONS

BY R. L. WINKLEPLECK, WASIGU

The monitor can be built inside any
convenient-size metal utility box. Mount
the volume control/power switch (R2-
81), the headphone jack, and the tuning
capacitor (C1) on the front panel as
shown in the photo on page 99. Secure
the battery holder in place, and mount
the amplifier module (use fiber spacers
to prevent the module from shorting out
against the bottom of the box.) Coil L2
—14 turns of Air Dux No. 506T, tapped
4 turns from the bottom-—can be fas-
tened to the rear of C1's frame, and L1
consists of two turns of hookup wire
wound around the grounded end of L2.
Ground one end of L1.

If you decide to make coil L2 at home,
use #18 wire. Wind the wire on a %"-
diameter coil form, carefully spacing six
turns per inch. Use plastic or phenolic
rods to support the equally spaced turns

(Continued on page 99)

—.Z = Circuit of the modulation monitor
7 | 1 © consists of simple crystal detector
2RI AMPLIFER coupled to audio amplifier module.
c2 3 100x MODULE s
‘OOI;JFI =
o o
e *SEE TEXT
—_ +1
) }__ ‘L/ 7
- —_s8i
)
R2% si¥
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“Get more

education
or

getout of - g

..that's my advice.”
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Founded 1927

CRET

Accredited Member
of the National Home Study Council

Ask any man who really knows the electronics industry.

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

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

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

CREI Home Study Programs offer you a practical way to
get more education without going back to school. You
study at home, at your own pace, on your own schedule.
And you study with the assurance that what you learn can
be applied on the job immediately to make you worth
more money to your employer.
You're eligible for a CREI Program if you work in elec-
trofiics and have a high school education. Our FREE book
gives complete information. Airmail post- :
paid card for your copy. If card is de-
tached, use coupon below or write: CRE,
Dept. 1203G, 3224 Sixteenth Street,
N.W., Washington, D.C. 20010.

The Capitol Radio Engineering Institute
A Division of McGraw-Hili, inc.
Dept.1203G, 3224 Sixteenth Street, NW.
Washington, D.C. 20010
Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.

NAME . ___ - AGE.

CITY. STATE 2IP CODE

EMPLOYED BY_

TYPE OF PRESENT WORK O G.I. BILL
| am interested in O Electronic Engineering Technology
O Space Electronics O Nuclear Engineering Technology
O Industrial Electronics for Automation
O Computer Systems Technology

i
|
|
|
i
i
|
|

ADDRESS_ . - r
i
|
i
[
|
i
[
|

APPROVED FOR TRAINING UNDER NEW G.I. BILL
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TRUE or FALSEKE ?

1

10

11

12

13

14

15

16

40

TEST YOUR KNOWLEDGE OF
HOME ENTERTAINMENT ELECTRONICS

(Answers on page 100)

A poorly converged color TV receiver will reproduce ac-
ceptable black-and-white pictures.

A man 40 years old has better hearing and therefore is
more critical of his hi-fi than a man 50 years old.

Television receivers generally fail during an extended
period of operation.

Most home entertainment products (TV, hi-fi, etc.) are
designed to operate from an average 110-voit a.c. line.

Spark gaps are often installed in color TV receivers to
prevent damage to the CRT.

A “‘glitch”” is another name for a Barkhausen line.

Several speakers in parallel reproduce sound more
faithfully than one.

A 25" rectangular color CRT displays a picture about
2" wider than a 21” round color CRT.

Stereo phonograph cartridges are more sensitive to
rumble than earlier monaural cartridges.

Operating a vacuum cleaner near a color TV receiver
can cause poor purity.

Malfunctions in parallel-filament TV receivers can cause
problems not possible in series filament string TV re-
ceivers.

The SCR and reed relay are new components not found
in entertainment products.

If a wall switch is used to operate an “instant-on’” TV
receiver, the instant-on feature is defeated.

The purpose of the cage around a flyback transformer
is to protect the user and service technician from ra-
diation.

Automatic hue contro! is available on several color re-
ceivers now on the market.

More deflection power is required to sweep a 110-de-
gree CRT than a 90-degree CRT.

WWW amerdacearadioRistery com

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

TRUE

BY VIC BELL

—— FALSE

— . FALSE ____

— . FALSE______

— . FALSE ____.

— . FALSE _____

— . FALSE ___

— FALSE ____

— . FALSE ___

— . FALSE ___

—  FALSE ____

— FALSE

— FALSE

— — FALSE

— FALSE _____

— FALSE _____

FALSE _____
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| I F you’re an avid SWL or ham with a
-8 general-coverage receiver in the “un-
13 der $100 class,” chances are you’ve dis-
: | covered that the sensitivity of your re-
ceiver falls off rapidly as you tune above
14 MHz, especially if the receiver lacks
an r.f. amplifier stage. What is worse,
B | however, image rejection also drops off
oFF : sharply with increasing frequency, mak-
- - ] | ing such a receiver highly susceptible to
| interference and annoying heterodynes.
Obviously, even the best antenna and
i | a good Q-multiplier can’t make up for
| deficiencies in the receiver’s front-end.
| This is the job of an r.f. preselector, a
' unit combining high-gain r.f. amplifica-
| tion with a selective tuned circuit, in-
| serted between the antenna and the re-
ceiver’s antenna input terminals. It is
the equivalent of adding a new front-end
| to your receiver, and the results can be
1 astonishing.
| The Ferret is such a unit. It is a high-
I gain, solid-state r.f. preselector designed
to boost the sensitivity and selectivity
of moderately priced short-wave receiv-
ers tuning the 7- to 30-MHz range. It
consists of a two-stage amplifier, em-
¢ | ploying a high- -frequency FET and a npn
blpolar transistor, in combination with
a high-@ tuned circuit which covers the
7- to 30-MHz range in a single sweep of
_ sTan the tuning dial.
woeee! The Ferret features a uniform gain of
{at least 30 dB throughout its tuning
'range and has a noise figure of better
{ than 3 dB at 30 MHz. The high-@ coil

in the Ferret input circuit and the uni-

-g versal input circuitry permit a good
r A

RF PRESELECTCR

bg//icra/_fqrs
m E

i

match to most antenna types and the

Ferret will even operate efficiently with

- v | i h | T@® ® | an antenna made up of a dozen feet of
f' f" ‘-f J‘ ‘\'1 T hookup wire.

= | The prototype Ferret (see Fig. 1) is

housed in a 5” x 4” x 3” gray-hammer-

i y OB £ a: . . .
’# i (# 'I_J"". tone-finish aluminum box, with all major
.

components mounted on a 3” x 3” printed

| circuit board. A single-section 10-365

Tft em Eé" 'pF variable capacitor mounted on the

| board and the on-off toggle switch se-
SINGLE-CONTROL PRESELECTOR cured to the front panel of the box are
| th

e only controls. Terminal strips on
PEPS UP SHORT-WAVE | the rear wall of the box permit connec-
tion to any antenna type and to the re-

RECEPTION I ceiver’s input terminals.
BY GEORGE J. WHALEN, «2Bie Construction. Putting the Ferret to-
e e | @ther shouldn’t take more than a few

March, 1968 41
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TSt RG-38/U
[ ] 0AX
PN I ——— ol
Op—— -
Toé—] =)
3
TE")O--r 300 OHM
TWIN-LEAD
4
<
ol =
DRAIN BASE
GATE COLLECTOR 02
SOURCE EMITTER
BOTTOM BOTTOM
VIEW VIEW

Fig. 1. The “Ferret” short-wave preselector
has three optional inputs: one for single-wire-
fed antennas, a second for coax-fed antennas,
and a third for balanced 300-ohm twin lead.

The coil for the ‘‘Ferret” is hand-wound ac-
cording to the plan detailed below. Carefully
observe winding direction and connections
to terminals. Coil is tuned by ferrite slug.

3/8"DIA

S

L2-10 TURNS #2¢

5
®u@n®
ol E/ @

—] ENAMELED
3 TURNS#ZLGl =S
——  CLOSELY
ENAMELED B
WIRE SPACi[;xc R \I:I
S%‘}.%E.,'(S [J] FERRITE SLUG

Q2
2N4254

St

PARTS LIST

B1, B2—9-volt battery ( Burgess P6 or similar)

C1—39-pF disc ccramic capacitor

('2—10-365 pF variable capacitor ( Lafayctte
32 H 1103)

C3.C5, C6—-0.02-uF disc ceramic capacitor

C4—-470-pF disc ceramic capacitor

C7—0.001-uF disc ceramic capacitor

L1, L2—Sce coil drawing

L3—355-uH r.f. choke (J. W. Miller 4629 or
similar)

Q1—Texas Instruments TI1S-34 n-channel field
effect transistor

Q2—2N4254 transistor

R1—3300-0km, Ys-watt resistor

R2—10,000-0hm, V5-watt resistor

R3—2700-0km, Vs-watt resistor

R4—1800-0hm, ¥s-watt resistor

R5—d4700-0km, Ys-watt resistor

R6—330-0lum, Va-watt resistor (optional—sce text)

S1—S.p.s.t. toggle switch

TSi——-point terminal board

TS2-—2-point terminal board

Misc.—Printed circuit board*, battery holder, metal
box, V4" spacers, RG-58/U coaxial cable, 300-0hm
twin lead, hookup wire, solder, nuts, bolts

*An etched and drilled printed circuit board is avail-
able from Southwest Technical Products, 219 W,
Rhapsody, San Antonio, Texas 78216, for $2, post-
paid.

evenings’ work, provided you use an ex-
act duplication of the author's printed
circuit board, wiring, and parts layout—
which is especially important in high-
gain r.f. circuitry. You can make the
PC board yourself, using the actual-size
layout in Fig. 2, or purchase it etched
and drilled (see Parts List).

Before starting on the printed circuit
board, lay out the box as shown in Fig.
3. Drill the required holes and remove
burrs and ragged edges with a tapered
reamer and warding file. Then install
the dual battery-holder on the rear wall
of the box using two short }-40 screws
and nuts. Mount terminal strips 7S7 and

42

T82 in their respective positions and
check that each lug clears the edges of
the mounting holes. Install toggle switch
81 on the front wall of the box as shown
in the photographs. Solder a jumper be-
tween the top two terminals of the dual
battery holder, so that the holders are
placed in series.

Next, connect a length of insulated
hookup wire to the bottom left terminal
of the dual battery holder and run it for-
ward along the box surface to one ter-
minal of toggle switch S1. Attach a sol-
der lug to a short length of hookup wire
and connect the free end to the other
terminal of the toggle switch. Secure

POPULAR ELECTRONICS
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Fig. 2. Actual-size foil pattern for the
printed circuit board (right). if you don’t
want to make your own, you can buy an
etched and drilled board from the supplier
listed in the Parts List on facing page.

Fig. 3. If you build your ‘‘Ferret” in the
same type box used by the author, follow
the drilling and cutting plan below. Not
shown on side B are holes for four mount-
ing feet (holes are not really necessary
since 3M adhesive bumpers can be used).

-—]—;v-z-—_‘ 172" Lo
/IG _uasmnl e |
__‘_!_L‘_I”G,/: :gr( ) ie

) =174

* 716"
|3/32

- =~ ""'1

o 1

5/8 2-3/4"

I/B D|A

a
|
.’-

the solder lug to the box surface with a
4-40 screw and nut to make a solid
ground connection to the box. Scribe a

terminal of the battery holder and a plus
(+) sign next to the bottom right ter-
minal as a reminder to install batteries
B1 and B2 correctly.

Begin assembly of the parts on the PC
board by installing variable capacitor C2.
First bend the four stator lugs up against
the side of the capacitor to prevent in-
terference when mounting. Then install
C2 using four short 6-32 screws inserted
through the board holes into the tapped
holes in the underside of the capacitor
frame. Tighten the screws sufficiently
to make a good ground contact with the
printed pattern on the underside of the
board and to prevent vibration of the
capacitor.

Now install the coil assembly on the
board, being careful to insert the four

HOLES FOR
Li-L2

MOUNT!NG
FROM TSi{3) —m—e® \
FROM TSI(4) —ee
FROM TSI(Z)——"C

/TO €2 STATOR
% /%FOR c2
FROM TSi(1)

CBJ_‘._L.,_F_:

—
minus (—) sign near the bottom left L ————‘_a—csfn &’
c
e o do ¢
Fig. 4. This is how the components should e = / IS t— R2
appear as you look up through the PC @ +i8V
board. Rotate coils L1-L2 so that coil pins 1 /
and 2 face the left-hand side of the board /
(iooking up). The coil mounting holes s Re o7 tL?)TES
must be enlarged to pass the terminals. E&E

March, 1968
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AR T R e SH e

§ (119 )

Fig. 5. The three methods of connecting an antenna to the preselector. At left, a single-wire lead-in is
connected to ANT terminal 1 and a ground to terminal 2. In center photo, a coax-fed antenna is con-
nected to terminal 3 and the shield connected to terminals 2 and 4. At right, a balanced 300-chm
twin-lead input is connected to terminals 3 and 4. A ground connection from terminal 2 is optional.

The ‘‘Ferret’” fits snugly in metal box. You'!l have
to adjust the height of the metal spacers to permit
the shaft of tuning capacitor C2 to clear hole.

terminals of the coil form into the prop-
er holes in the board. Solder the termin-
als to their respective printed conduc-
tors, using just enough solder to make
a good secure connection. Then proceed
to install the remaining components

shown in Fig. 4.

L3

Although battery drain is small, it's a good idea
to shut off the power when the ‘‘Ferret’” is not in
use. You should be able to build it in four hours.

44

HOW IT WORKS

In the Ferret, FET QI operates in the com-
mon-source mode, and is biased by resistor R,
bypassed for r.f. by capacitor C3. Unlike the
conventional bipolar transistor, the gate input
impedance of QI is substantially higher than a
megohm, permitting tuned circuit L2-C2 to be
connected directly to the gate. Variable capacitor
C2 resonates L2 at any frequency between 7 and
30 MHz.

Primary winding L7 and capacitor CI each
provide a path through which signal currents in
the antenna may be introduced into tuned circuit
L2-C?2; capacitor C1 provides a moderately high
impedance path, while L1 offers a fairly low im-
pedance, inductively-coupled path into the tuned
circuit. An amplified version of the signal ap-
pears across the 355-uH r.f. choke (L3), which
is self-resonant at a irequency below 7 MHz. Ca-
pacitor C5 decouples the d.c. applied to the drain
of QI and supplies a return path for r.f. current,
preventing feedback through the common imped-
ance of series-connected batteries BI and B2.

The amplified r.f. output of QI is coupled to
the base of 2 through C4, which has no appre-
ciable reactance at the signal frequency. Tran-
sistor (02 operates in the common-emitter mode
to contribute best gain. Emitter current limiting
is provided by R4, bypassed for r.f. by Cé6. The
operating point of (02 is established by base-bias
divider resistors R2 and R3, with collector cur-
rent maintained at 1.5 mA.

The output of Q2 appears across R35. Capaci-
tor C7 couples the amplified signal to output
terminal strip TS2 through a short length of
coaxial cable to prevent unwanted coupling be-
tween output and input circuits. The short-wave
receiver's input circuitry provides the tuned cir-
cuit load for the Ferret. And resistor R6 (nomi-
nally 300 ohms) shunts the output terminals of
the preselector, providing a mutual terminating
impedance for the preselector and receiver.

When the resistors and capacitors have
been installed (except for R6), check
the parts layout and schematic to make
sure that none were missed or installed
in the wrong position. If everything
checks, install transistors @7 and Q2.

Then cut two 6-inch lengths of RG-
58/U coaxial cable and one 6-inch length
of 300-ohm twin lead. Strip both ends of
all cables. Connect one of the lengths
of coax to the board points provided

(Continued on page 105)
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EXCITES DANCERS
STOPS MOTION
TAKES PICTURES
TIMES ENGINES

® & & &

EDITOR'S NOTE

Medical opinion concerning the use of strobe

lighting in darkened rooms is ‘‘cautionary.’
! Prolonged use may induce hallucinations or

trigger undesired side-effects. It should not be

used in the presence of anyone subject to

epilepsy.

March, 1968

BY JAMES CUCCIA

ONE OF THE MOST interesting of the

new ‘“‘turned on” type of lighting ef-
fects is strobe lighting. By using a strobe
light system flashing at the proper rate
in a semi-darkened room, a visual flicker
effect similar to that found in old-time
movies can be seen as people walk or
dance in the light of the flash. Since the
action seems to take place as a series of
“still” frames, a very unreal atmosphere
can be created.

The “Universal Psychedeiic Strobe”
de=scribed in this article will not only be
the hit of your next party, but can also
earn its keep by performing other, less
glamorous duties. 1t will serve as an auto-
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mobile timing light, a slave flash for your
camera, or a general-purpose strope light
for stop-motion observation of moving
mechanical elements.

Construction. The circuit (Fig. 1) can
be built on a single printed board, such
as the one shown actual-size in Fig. 2.
The components are mounted on the
board in accordance with the layout of
Fig. 3. Carefully solder all components
to the board using resin-core solder.

Be extra careful when mounting the
flashtube as it is made of glass and can
be broken if it is accidentally dropped,
or hit with a metal tool. Orient the trig-
ger coil (L1) so that the tab with the
red dot points toward the flashtube. (The
flashtube is mounted as shown in Fig. 4
with its trigger lead soldered directly to
this coded tab to prevent a voltage break-
down on the printed board.) And be sure
to observe the proper polarity when

mounting all semiconductors and electro-
lytic capacitors.

Then mount the finished wired board
in a 3” x 5” x 2” metal enclosure using
half-inch spacers. The flashtube should
extend above the top of the enclosure,
but not high enough to short the leads
when the cover is attached. On-off switch
81 is mounted on one end of the box,
while the a.c. power lead and audio cable
extend from the other end. Note the lo-
cation of R10 and drill a hole in the
enclosure wall so that R10 can be screw-
driver-adjusted from the outside.

Carefully measure the location of the
flashtube, and, allowing some clearance
on all sides, make a cut in the cover of
the metal enclosure of a size that will
permit the cover to pass easily over the
flashtube. Obtain some form of metal re-
flector—the one shown in the author’s
prototype is a stainless steel half-quart
container—and cut a slot in its bottom

PARTS LIST

C1—0.02-uF, 50-volt disc capacitor

C2——30-uF, 15-volt electrolytic capacitor

C3—1-uF, 15-volt elcctrolvtic capacitor

C4—0.02-pF, 400-volt disc capacitor

C5—20-pF, 350-volt clectrolytic capacitor

C6—10-pF, 150-volt electrolytic capacitor

C7—10-uF, 15-volt electrolytic capacitor

D1, D2—1N34 diode

D3, D4, D5—1IN4003 silicon diode or similar

FT1—Xcnon flashtube (Southwest Technical
Type 110)

LJ—LTrigger coil (Southwest Technical Type
TL2

Q1—2N4870 unijunction transistor
RI1—100 olmns
R2--22,000 ohms

R3—10,000 ohms AT resictians

S1—S.p.s.t. switch

SCR1—2N3528 silicon-controlled rectifier

T1—Interstage transformer, 2000 ohms, CT, to
10,000 ohms (Southwest Technical TT10-2 or
similar)

Misc—Circuit board, metal enclosure, metal re-
flector, audio cable, power cable, spacers, wire,
solder, eic.

NOTE: An etched and drilled PC board is avail-
able from Southwest Technical Products Corp.,
219 W. Rhapsody, San Antonio, Texas 78216,
for $2.25; complete kit of parts, PC board, and
enclosure for $12.75 (less reflector).

ﬁ;:gfg g,}ll’lz; Vi-watt unless
R6—100,000 ohms otherwise stated o
R7—120,000 olims D—:
R8—27,000 olms J IN4003
R9-—20 ohms, 5 watts 2 cq les RoS
R10—50,000-0/1in potentiomcter 02yF |20pF 203
TI
don bray 1= DS
(ouF IN4GO3
. oy b
€l
.02pF 278
cz[+ ® @ ©
30uF * 4
]
1 Sl
< ]
. . ) i i 2R4 ]
Fig. 1. Unijunction Q1 triggers SCR1 which 21800 i f
produces a 3-kV pulse at top end of coil L1. NTVAC
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Fig. 2. Actual-size printed circuit board. You can make the board yourself or pur-
chase it (see Parts List). If you make your own board, drill the holes as shown.

g ——o

SCR1 T |s ;"% °t7 9 K Fig. 3. Component mounting for the strobe.
05 1 The terminats marked ‘B are for the audio

£ L4 I [') * °-“ input, those marked "'A" for power input.
o ~0
? ? 01 74 6 ? VI"OII’
“ o-f-o M l i -o$
L fo 47T

Fig. 4. The finished strobe be-
fore the top cover and reflector
are assembled. Note that a hole
must be drilled in the PC board
to accommodate the lamp trigger.

DRILL HOLE "~
FOR TRIGGER
LEAD
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Be especially careful when installing
the strobe tube as it is fragile and it
cannot withstand mechanical shock.

HOW IT WORKS

The heart of the strobe is a low-cost xenon
flashtube that can be operated from a 250- to
300-volt d.c. voltage source. This voltage is pro-
duced by a voltage doubler consisting of D3,
D4, 5, and C6, with R9 limiting the surge cur-
rent flow. However, the flashtube will not fire
until its trigger electrode is provided with a 3000-
volt pulse, which is generated in a “flvback” type
pulse generator consisting of auto transformer LI
and SCR1.

When the power is first turned on, the SCR is
in its non-conducting state; thus C4 is allowed to
charge up to the power supply potential. If the
gate of the SCR is furnished with a positive-
going trigger pulse, the SCR goes almost instan-
taneously into conduction and allows C4 to dis-
charge through the lower end of inductor LI. The
auto transformer action of LI produces a 3-
to 4-kV pulse at its high-voltage end which trig-
gers the flash tube on.

The SCR is triggered by unijunction transistor
(1. This UJT is connected as a conventional re-
laxation oscillator in which CJ3 discharges
through the UJT every time the voltage across
C3 exceeds the firing potential of the UJT. The
rate of charge of C3 is determined by potenti-
ometer R10 and series resistor R3. As R10 is set
to a higher voltage, capacitor C3 reaches the
required firing voltage faster, making the UJT
oscillate at a faster rate. The positive-going
pulses generated at the UJT BI lead put the
SCR into conduction.

Once the SCR conducts, the voltage at its
anode momentarily drops to zero, allowing the
SCR to switch to its non-conducting state. and
be ready for the next gate trigger pulse. Supply
voltage for the UJT is obtained from a separate
power source (consisting of diode DJ, resistor
RS8, and filter capacitor C7) to prevent the sud-
den current surge produced by the flashtube from
firing the transistor.

To make the flash rate follow a given audio
level, transformer 7' isolates the strobe from any
external grounds (remember that it is a line-
operated device), and couples the UJT circuit
into an audio amplifier. The audio signal applied
to 71 is rectified by diodes DI and D2, and
the resulting d.c. is applied through R2 to the
emitter of the UJT, Capacitor C3 is also charged
by a voltage generated by the input signal. If
R10 is set properly, every time that the d.c. on
the emitter recaches the required firing voltage,
the UJT triggers, producing a flash.

surface similar in size to that made in
the enclosure cover. Bolt the reflector to
the metal cover, carefully aligning the
two slots. Now, still being very careful,
mount the cover-reflector combination on
the remainder of the enclosure.

Operation. Point the strobe reflector so
that it will not flash directly into your
eyes. Connect the power lead to a source
of 117 volts a.c. and turn on S1. A slight
rotation of R10 should start the flash
operating. The frequency of the flash is
dependent on the setting of R10.

To make the strobe follow a musical
beat, connect the audio leads in parallel

(Continued on page 98)

Cut a slot in both cover and refiector
so that tube can easily slip through.
Be careful also when installing cover or
the tube, or its leads, may be damaged.

POPULAR ELECTRONICS
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a FET Mixer

LOW-COST FETs MAKE PERFECT 3-CHANNEL MIXER

HAVE YOU EVER asked yourself,
“Isn’t there some easy way of mix-
ing two or three microphones?” Would
you like to mix several program sources,
or just simply combine voice and music
so that the result is “professional” sound ?
Yes, there are microphone mixers you
can buy, but why go to that expense when
in two evenings of work you can build
your own.

The little FET Mixer shown in Fig.
1 will do the work of a microphone mix-
er selling for $50. It has three separate
inputs, each isolated from the output
FET source-follower stage by a low-cost
FET. The output of the FET Mixer is a

March, 1968

BY DON M. WHERRY, wseum

fairly low impedance—suitable for use
with most tape recorders and hi-fi ampli-
fiers. Battery-operated, the mixer is free
of a.c. hum and is of sufficiently small
size to be portable as well as sturdy and
trouble-free.

Why So “‘Fancy’’? There are many ways
of mixing two or more audio signals. At
least one commercially available micro-
phone mixer uses the circuit shown in
Fig. 2. Obviously, this circuit has no
gain, and the advantage of being able to
mix is offset by the higher volume con-
trol settings (more noise possible) in the
tape recorder. This mixer also is plagued

49
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Fig. 1. Not shown in this diagram
are three 0.05-uF capacitors that
can be wired in parallel with resis-
tors R2, R5, and R9. If these ca-
pacitors are installed, they will
make a slight increase in the gain
of the mixer. However, in most ap-
plications, the extra capacitors are
unnecessary. If a 15-volt battery
is used at B1, the value of resis-
tor R3 should be decreased to
about 6800 ohms, which will re-
sult in a 3 dB loss of overall gain.

by the chance interaction between inputs.

Another commercially available mixer
uses a single transistor (similar to the
circuit surrounding @4 in Fig. 1) to pro-
vide gain, but since the input connections
are the same as in the simplified version
(Fig. 2), there is still the chance of
microphone interaction and feedback.

The FET Mixer provides isolation and
gain. With a 22%5-volt battery, the gain
is about 8 dB. Frequency response is vir-
tually flat from about 20 to 40,000 hertz.
Interaction between channels is not mea-
surable and, using the transistors indi-
cated in the Parts List, the noise gener-
ated by the mixer is well below —64 dB
for 1-volt output.

Construction. The author built his FET
Mixer using a printed circuit board. This
board is detailed in Fig. 3, actual size.
No provision has been made to make the
board available to readers, since the
project is simple enough to permit PC
board experimentation. Also, if you don’t
feel capable of working up your own PC

50

SOURCE

DRAIN GATE

MPF-103
BOTTOM
VIEW

PARTS LIST
B1—22Y;-volt battery
C1,C2,C5—0.01-uF capacitor
C3, C4—0.05-uF capacitor
01, 02, Q3, Q4—Motorola MPF-103 junction
field efiect transistor
R1, R4, R8—2-megohm
(IRC Q13-139)
R2, R3, R9—2200-0km, Vi-watt resistor
R3—10,000-0hm, Vs-watt resistor
R6—2-megohm, Vs-watt resistor
R7—27,000-0/im, Y4-watt resistor
S1—S8.p.s.t. miniaturc toggle switch
Misc—DPaono jacks (4), cabinet, printed circuit
bourd, spacers, knobs (3), solder, nuts, bolts,
etc.

linear potentiometer

Tt

AAAAAA

AMARAAA

 S—
©

1
]

Fig. 2. Buy a cheap mixer and the circuit will look
like this one. Isolation between the channels is
poor, and you're bound to lose half the signal.
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board, the FET Mixer can be assembled
on a perforated board (with flea clips),
or even terminal strips.

If you try to duplicate the author’s
construction, note that the board is ac-
tually mounted on and held in place by
the three gain controls. Be sure to use
the type of control called out in the Parts
List. These controls have lug terminals
and are specially desirable for mounting
PC boards.

You should be able to mount all of the
FET Mixer circuit, plus battery, in a

NOTE: This drawing
shows the location of
the components when
you look up through the
PC board—not down on D?

Fig. 3. Actual-size foil layout for
PC board used by the author. You
can duplicate this board using any
one of the low-cost methods of
laying the resist and PC etching.

small aluminum box. The author mount-
ed the unit in a locally made box mea-
suring 5” x 3%” x 3”. A separate on-off
switch (81) is employed, although one
of the channel input controls could be
backed with a switchplate. Use simple
decal markings on the face of FET Mixer
box, or knobs that are marked so that
the controls can be approximately reset
with ease. Most of your work will be
done with the controls set between read-
ings equivalent to 10 and 2 o’clock.

You could build a simple 117-volt a.c.

the board as is frequent:
ly the case with other
PC boards shown in this
magazine. The extra
holes near R2, R5, and
R9 are for the three
capacitors mentioned in Q! si

the caption for Fig. 1. Gé R2
These capacitors are not

usually required, since

the mixer has an 8

dB gain without them.

R3 Ré ‘*T?
= | 6 s D
$ ~—r7 ¢

4-———(;4
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This is how the mixer looks
when you turn the board over.
Coax cables to the jacks are
cut a little long and soldered
in place. Since the board is
held by the potentiometer
lugs, holes for the shafts are
drilled last in the box panel.

power supply to operate the FET Mixer,
but you might encounter a.c. hum prob-
lems, and you would be adding an extra
unnecessary a.c. cable.

Using the Mixer. Practice using the
FET Mixer before making a valuable re-
cording. Normally the microphone input
control on your tape recorder should be
set to its usual position. Connect the
mixer output to the tape recorder and
set all three channel input controls to
Zero.

Bring up the level of one channel to
give you a normal recording level as

52

Top view of mixer shows loca-
tion of some of the compo-
nents. Potentiometers are sol-
dered in place right onto the
printed circuit board. Enlarge
the holes for soldering to the
lugs of the potentiometers.
Hole in back of metal box is
for a clamp to secure the bat-
tery in place. Carefully observe
lead orientations of transistors.

seen on the built-in indicator of your
tape recorder. Note the dial reading and
return this control to zero and bring up
the level of the second input. Return this
control to zero and repeat the process
if you are using a third input. If only
two inputs are used, leave the level of
the third input at zero at all times.
Now bring up both mixer levels to
their noted positions. Generally speak-
ing, you should not find it necessary to
back off on the tape record input level—
even though it may appear that twice
the input should require a drastic input
level reduction. —30—
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BY ROY A. WALTON

~Section Coupler
Solves
Antenna Problems

INEXPENSIVE GADGET TUNES ANTENNA FOR BETTER DX

ALMOST any receiver covering 540 kHz
to 1600 kHz is suitable for broad-
cast band DX’ing, and there are a lot of
them. But the antenna is another matter.
If you are new to the hobby, or if you
have been having trouble DX’ing those
really difficult stations, you may find the
answer to your reception problems in a
properly constructed long-wire antenna
—and the “z-Section Coupler.”
Normally, the best receiving antenna
is considered to be a resonant antenna—
one that resonates at a particular fre-
quency. The length of such a BCB an-
tenna would range between 865 and 290
feet—much too long for the space most
listeners have available. That's the big
problem. The solution is to build the

Even with a Hammarlund SP-
600, the author credits much
of his good BCB DX to the
pi-section coupler/tuner.

e X
i

long-wire “=-Section Coupler” and get
the maximum signal transfer out of the
antenna you have erected.

If you use a “=-Section Coupler,” your
antenna can be as short as 30 feet or
as long as 100 feet. The combination can
be made to work efficiently at all fre-
quencies between 500 and 6800 kHz.

The Antenna. Construction of a long-
wire antenna is simple if you just re-
member and adhere to the following
rules of safety. Never construct your an-
tenna so that it could fall on power lines
or they on it. Always use a lightning ar-
restor; this not only can save your equip-
ment but may improve the signal, since
it drains static electricity from the an-

'A; '] o
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PARTS LIST

el

LimN

YS 2

®s

C1-—-250-pF variable capacitor
C2—363-pF variable capacitor

C3—-270-pF capacitor
——L J1.12--RCA phono jack
NS Li—112 turus of 1347-diamcter, 4%1”-
3,?5 long 18-gange wire, tapped as indicated

[ S1-—1-pole, 12-position shorling switch
S2- S.p.s.t. switch

Fig. 1. The coupler is particularly useful
in matching the erratic (sometimes high,

=

tenna. Never use wire or metal cable to
support the antenna ('4” nylon line is
your best bet).

A long-wire antenna receives best from
the directions perpendicular to its sides.
Erect the antenna N-S to receive E-W.
It should be at least 30" long and made
of multi-strand copper antenna wire sup-
ported a minimum of 15 feet off the
ground. A “long-wire” works best 60 feet
above electrical ground (40 to 50 feet
above land surface). Egg-type insulators
should be used to physically connect the
antenna to the supports. To prolong the

Fig. 2. The author mounted
all the coupler compo-
nents in a transparent re-
frigerator box. The nu-
merals refer to some of the
rotary switch positions.

life of the antenna, coat all solder con-
nections with plastic rubber.

Bringing the signal from the antenna
to the receiver calls for the use of in-
sulated copper wire of 16 to 18 gauge.
It should be wrapped (to afford me-
chanical strength) and soldered to the
end of the antenna at the insulator clos-
est to the receiver.

The proper feed line entrance into a
house is through a wall using an ‘“All
Weather Wall Thru Bushing” or similar

54

sometimes low, as you tune various
bands) impedance of a single wire antenna.

tubing. If you can’t drill holes in the
house, try drilling a %4 ” hole in a window
sash, inserting a 1;”-o.d.. 1” length of
Bakelite tubing into the hole, running
the feed line through this tubing, and
sealing the hole with a nonconductive
caulking compound.

The lightning arrestor should be wired
into the feed line according to the manu-
facturer's directions, which are packed
with the arrestor. Lightning arrestors
can be bought for as little as 59 cents.

Terminal “G” or “ground’ on the re-
ceiver should be connected to a good

ground. A good ground is a cold water
pipe (never use hot water pipes, gas
pipes, or the telephone company’s
ground ). Clean the cold water pipe with
emory cloth at the point where you wish
to place & “Ground Clamp” (clamps cost
approximately 50 cents). Secure the
clamp tightly and affix a length of 16-
gauge insulated wire sufficiently long to
go to “Ground” on the receiver. Then
coat the ground clamp connections with
rubber glue.

POPULAR ELECTRONICS
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Building the Coupler. If you have never
built electronic gear before-—don’t de-
spair—you can build this coupler. Not
only will you greatly increase the incom-
ing signal, but you will also gain ex-
perience in apparatus construction. The
only prerequisites are reading, soldering,
and about $6.00.

The author assembled his coupler in a
refrigerator box. In selecting a box, make
sure it is large enough to accept the
components. Mark and drill mounting
and rotor shaft holes in the box for C1,
C2,81,82,J1,and J2 (see Figs. 1and 2).

Start making up the coil by drilling
two holes in the coil form to pass the
coil wire. Insert the wire through these
holes, leaving 4” extra protruding (which
will be used for hookup later). The holes
are intended to hold the wire secure dur-
ing the winding operation.

Wind tightly two turns of coil wire
and drill a hole adjacent to the second

Winding the coil is probably
the most difficult operation
in assembling a duplicate of
this coupler. If you follow in-
structions, you should have no
trouble winding a coil that will
look like the one in this photo.
Solder the leads to switch
S1 before mounting in box.

turn to press-fit a brass nail, used as a
lug. Scrape the wire adjacent to the lug
hole, insert a lug (this is lug #1), and
solder to the coil.

Wind four more turns, drill another
adjacent lug hole, scrape the wire, insert
the lug (this is lug #2), and solder.
Proceed in this manner, winding the
specified number of turns as shown in
Fig. 1 until the coil is complete. Secure
the coil winding through two more holes,
leaving 4” extra wire protruding.

Now cut 11 5” lengths of hookup wire
and strip !4” insulation from one end of
each. Solder them to the terminals of
S1, leaving one terminal bare. The bare
terminal is #0. The terminal next to =0
(count in either direction) is terminal
#1, the one next to it is #2, and so on,

March, 1968

around the switch. Remember that lug
#1 is on the coil end with only two
turns. Cut the wires soldered to the
switch terminals so that they will just
reach the corresponding lugs when the
switch is one inch from the coil. Strip
147 of insulation from these wires and
solder them to their corresponding lugs
on L1.

The outer conductors of JI and J2 are
“ground,” as are the terminals associ-
ated with the rotor plates in the capaci-
tors. Solder the necessary wires to the
proper points to connect the remaining
components. Then connect the receiver to
J1 and the antenna to J2 using a coax
cable.

Using the Coupler. To operate the cou-
pler, set C1 and C2 at the half-open
position and rotate SI until the signal
is strongest. Adjust C1 and C2 to peak
the signal to maximum (while adjusting

C1, switch 82 on and off to find its best
setting; C2 will have no appreciable ef-
fect at some frequencies).

The coupler is basically an attempt to
effect a more efficient transfer of sig-
nal energy from the random length of
antenna to the receiver. At some fre-
quencies the coupler will seemingly have
no effect, which means that the antenna
and receiver are matched as closely as
possible. At other—or most-—frequencies
the coupler will have a very decided and
noticeable effect. Capacitor C2 should be
switched in and out of the circuit when
the coupler seems to have the least
effect—especially at the lower frequen-
cies.

The dial settings should be logged to
simplify retuning. 30—
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COMBINATION OF FET AND
DRIFT-FIELD TRANSISTOR

WILL PRODUCE 100-kHz
HARMONICS GALORE

BY FRANK H. TOOKER

56
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CALIBRATOR

lF‘ YOU WANT a 100-kHz frequency
calibrator designed for just that pur-
pose, and therefore probably better than
average, this project is for you. It uses
the latest technological advancement in
transistors—the field-effect transistor—
as an oscillator and incorporates a har-
monic generator to provide usable sig-
nals well into the MHz range. Tempera-
ture stability of the FET calibrator is
excellent, and total power consumption
is about 400 microamperes at 9 volts, or
approximately 3.6 milliwatts.

A built-in meter monitors the perfor-
mance of the calibrator by providing a
continuous indication of current con-
sumption. This meter isn’t otherwise
essential to the performance of the cali-
brator, and may be omitted, if desired.
Although a meter is useful in the initial
adjustment of the calibrator, an external
meter, temporarily connected in series
with the battery, can be used for this
purpose.

POPULAR ELECTRONICS

WWW amedcaaradioRietery com


www.americanradiohistory.com

PARTS LIST

B1-—9-volt transistor baltery
BPI1—3-way binding post
C1—200-pF silver mica capacitor
C2-—120-pF silver mica capacitor
C3—0.047-pF Mylar capacitor
C4—150-pF silver mica capacitor
C5—0.01-uF ceramic disc capacitor
C6—0.1-uF ceramic disc capacilor
DI1—1N295 diode
J1—Panel-mount phone jack
L1—Variable inductor, 4 to 30 mH
(Miller No. 63135 or similar)

MI1—3500-pA meter movement (optional)

Q1—2Mlotorola MPF103 junction field-eflect transistor

02—2N 1178 transistor

RI1—10-megohm, Vs-watt resistor

R2-~4700-0hm, Va-watt resistor

R3—15.000-0htm, Vi-watt resistor

S1—S8.p.d.t. slide switch

NTAL—100-kilz frequency-standard crystal
(Petersen Z-64 or similar)

Aisc—Cabinet (334" x 3” x 28" ), etched cir-
cnit board, crystal socket, battery clip, battery
connector, wire terminals, wire, soider, etc.

Circuit of the FET calibrator is designed around commonly available solid-state components. A
phono jack on the front panel permits operation of the calibrator from an external power source.

An ordinary transistor battery, such
as the V8323, 2U6, 216, etc.. can be used
if necessary. but an alkaline battery,
such as the Mallory “Duracell” MN1604B,
will make for better frequency stability
because of its superior voltage regula-
tion in the course of aging.

Construction. Almost any technique
that meets two requirements—short
leads and a minimum of stray capaci-
tance across the crystal-—can be used to
build this calibrator. Stray capacitance
across the crystal reduces its operating
frequency and contributes to frequency
instability. Long leads in the signal cir-
cuits attenuate the amplitude of higher
frequency harmonics.

Components of the calibrator shown
in the photos are mounted partially on
a 21%” by 13%” etched circuit board and
partially point-to-point. With the excep-
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Although the author used this PC board
layout, you could build the FET cali-
brator on a sturdy perforated board.
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Inside-of-box view of the author's prototype. Alu-

minum bracket prevents battery from jarring loose.
Output is via the binding post on the unit’s cover.

tion of C2, which is connected directly
across the terminals of L1, all sensitive
components are mounted on the etched
circuit board. An etched circuit board is,
in fact, a “natural” for this type of in-
strument (even in experimental setups),

HOW IT WORKS

A 100-kHz crystal (XTAL) is connected in a
Colpitts oscillator circuit, utilizing an n-channel
junction field effect transistor, Q1, in a common-
drain configuration. The gate of QI is at a very
high impedance, and the crystal, connected be-
tween gate and drain, operates—Ilargely unre-
stricted by loading—in its parallel-resonant mode.

Resistor R2 limits Q1’s starting current. Pro-
vided r.f. feedback is adequate, oscillation occurs
when the power supply voltage is sufficient to
operate Q1 above the “knee-point” in its charac-
teristic curve. Once oscillations begin, drain cur-
rent drops abruptly, for the circuit generates its
own bias, and in this way adjusts itself auto-
matically for operation at maximum efficiency.
Transistor Q1 oscillates quite cleanly, although
harmonic generation is restricted. On the other
hand, harmonics are needed for frequency check-
ing and calibration purposes. Output is taken
from the relatively low-impedance source of Q1
and fed through coupling capacitor C4 to the
harmonic generator and limiter circuit D1-Q2.

Diode D1 advances the clipping of the positive-
going alternations of the oscillator output voltage
begun by Q1, while drift-field transistor Q2 clips
the negative-going alternations. Clipping of both
positive and negative peaks is quite sharp and
very nearly equal. Thus, the signal appearing at
the output terminal (BP’1) is a well-sheared sine
wave iull of harmonics. With a 9-volt battery, or
other power source, and the clipping level em-
ployed in this instrument, the signal voltage at
the output terminal is approximately 3 volts
peak-to-peak.
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for it not only provides for the shortest
possible leads but also insures lead ri-
gidity—another important consideration
in calibrator frequency stability.
Inductor L1 should be located where
its adjusting screw is easily available
with the back/sides cover of the cabinet
in place. In the author’s instrument, L1
is snapped into a hole in the top left
rear corner of the 3%” x 3” x 2%” cabi-
net housing the calibrator. Keep the
winding at least the diameter of the coil
away from nearby sheet metal (such as
the back and sides of the enclosure).

Adjustment. After the calibrator is as-
sembled, check to make certain that there
are no errors or omissions, then install
the transistors, the crystal, and the bat-
tery. Put the back/sides cover in place
and tighten the mounting screws. Run
the core of L1 about one-third of the
way out of the winding, and switch S1
to INT. If all is well, the meter will read
anywhere from 300 to 350 microamperes
—indicating that @1 is drawing its maxi-
mum limited value of current because it
is not oscillating, and Q2 is drawing
only its leakage current.

While observing the meter, turn the
screw on L1 slowly in the direction that
will move the core into the winding. A
point will soon be reached where the
meter needle deflects suddenly up-scale
to about 450 xA. This increase in cur-
rent is the net result of @1 going into
oscillation and @2 increasing its collec-
tor current. Advance the core of L1 an-
other two complete turns into the wind-
ing, and the meter reading should settle
down to about 400 zA.

Switch S1 to EXT (to turn the calibra-
tor “off”’), wait a moment or two, then
switch it back to INT. The meter needle
should swing up-scale and come to rest
immediately at about 400 zA. If the nee-
dle swings up to a higher value, and
hesitates briefly before dropping back,
advance the core of LI one more full
turn into the winding.

The exact value of the meter readings
may vary slightly with a different set
of transistors, a different meter, or a
battery other than the “Duracell” but
the direction of deflection and the ap-
proximate extent of the deflections dur-
ing the adjustment procedure should be
the same. —30-
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Each time relay K1 closes, it
allows the wiper to make one
full sweep, at full torque, before
returning to its rest position.

PARTS LIST

C1-—20-ul, 12-v0lt electrolytic capucilor

C2—100-pF . 15-volt electrolytic capacitor

('3—20-uF, 6-volt electrolytic capacitor

D1—IN34 diode

Ki1—12-volt d.c. relay, 150-250 ol coil resis-
tance

Q1-—2N1671 unijunction transistor

(02—2N1304—scee text

Q3--2N2270-—sec text

R1—100,000-0/tm, Va-watt resistor

R2—2-megolimn poieniiometer

R3—1,000-0hm. Vs-watt resisior

R4—220-0hm, Ya-watt resistor

R5—330-0hm, Vi-watt resisior

S1—S.p.s.k. switch

Misc—3Y” x 37 x 2%8” metal box, perforated
phenolic board, solder, hardware. etc.

”

HOW IT WORKS

The actuator circuit is essentially a low-fre-
quency relaxation oscillator consisting of UJT
Q7 iree-running at a frequency determined by R1.
R2, and C1. Every time the UJT discharges C1,
a positive-going pulse is generated across R4.
These pulses are passed by diode DI to charge C3.
Capacitor C3 cannot discharge back through D!
since the diode is now reversed-biased and offers a
very large resistance to any such current flow.

The positive voltage appearing at the base of
02 and Q3 causes both 92 and Q3 to conduct. As
(3 conducts, it draws collector current through
the coil of relay AI1. If the normally-open con-
tacts of K are connected across the auto wiper
switch, every time the relay closes the relay con-
tacts simulate the wiper on/off switch and com-
plete the wiper motor circuit. The wiper motor
makes one complete cycle, even though the relay
contacts (or wiper switch) are opened immediately
after starting the motor. Thus, the wipers will
make one “sweep” for each pulse generated by Q1.

As potentiometer R2 determines the firing rate
of Q1, it also determines how often the wipers
make a sweep. Resistor R3 and capacitor C2 acts
as a filter to remove any high-voltage “spikes”
that may occur as the relay contacts turn the in-
ductive load (the wiper motor) on and off.

vou build this automatic windshield
wiper actuator.

Most electric wipers have a built-in
“return” feature, i.e.,, once the wipers
have been started, even if the power has
been shut off, they will make one full
sweep and then return to their seated
position and shut themselves off. This
“return” feature is the basis for the
automatic wiper actuator whose elec-
tronic circuitry (above) momentarily
simulates the ‘“closed” wiper switch,
then ‘“opens” the switch and allows the
wipers to make one complete sweep.
The rate of sweep is determined by the
adjustment of potentiometer R2.
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Construction. The entire unit can be
built for $12 or less, and none of the
components is critical, although rea-
sonably good quality electrolytic capaci-
tors should be used for C1I and C3 to
avoid leakage problems. Since transistor
biasing is not used, the circuit is flexible
and permits a wide variety of transistor
types to be substituted. Transistor Q1 is
a conventional unijunction transistor,
while transistors @2 and @3 can be any
general-purpose nprn audio transistors.
Note, however, that @3 should have a
dissipation of at least 300 mW.

The unit can be housed in a small metal
box with the circuit elements mounted

POPULAR ELECTRONICS
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Author's unit was assembled on a perf board, then mounted in small metal cabinet.

on a small phenolic board. The on-off
switch (8I) and speed control potenti-
ometer R2 should be mounted on the
front panel. Since the activator is a
low-frequency system, lead dress is not
critical.

Any 12-volt d.c. relay having a coil
resistance between 150 and 250 ohms
can be used. The relay remains closed for
a period of time determined by the ca-
pacitance of C3 (and also by the sensi-
tivity of the relay). To lengthen the time
of contact closure, increase C3’s value;
to shorten the time, reduce the value.
Relay K1 needs to remain closed only
long enough to effectively start the wind-
shield wipers on their sweep. With the

values shown, K1 will be closed for ap-
proximately % of a second.

Operation. After the unit has been com-
pleted, apply 12 volts to the correct
leads, turn the power on, and set R2 to
its minimum value. Relay KI should
close momentarily approximately every
1% seconds. When the actuator is func-
tioning normally, the period of operation
can be varied from about once every 1'5
seconds, to once every 50 seconds, de-
pending on the setting of R2.

The simplest method of installation is
to connect the two normally-open relay
contact leads across the windshield wip-
er on-off switch. {30

The FCC has issued an amateur radio station
license to the Hadley School for the Blind,
700 Elm St., Winnetka, Ill. 60093. The school
intends to use this license to augment its
correspondence course called ‘‘Amateur Ra-
dio.”” This is the first correspondence course

Ham Radio Correspondence Course

designed exclusively for peopie who are blind.
The school provides the student with a taped
and braille edition of the License Manual using
raised line drawings. Hadley has over 100
courses devoted to teaching the blind—it is
an accredited private home study school.

March, 1968
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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 years ago thcre 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
operate 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. It’s possible for one trained
technician to maintain eight to ten
such mobilc systems. Some men cover
as many as fiftecn systems, cach with
perhaps a dozen units.

Coming Impact of UHF

This demand for licensed operators
and service technicians will be boosted
again in the next 5 years by the mush-
rooming of UHF television. To the 300
or so VHF tclevision stations now in
operation, scveral times that many
UHF stations may be added by the li-
censing of UHF channels 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 operated 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 governnmient’'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 clectronic 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 one of
the FCC home study courses offered by
the Cleveland Institute of Electronics.

CIE courscs are so effective that bet-
ter than 9 out of every 10 ClE-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 remarkable
record. From the beginning, CIE has
specialized in electronics courses de-
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 assignment, 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
free 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 7
Commercial FCC Nl
License. Even
though I had only six weeks of high
school algebra, CIE’s AUTO-PRO-
GRAMMED™ [essons 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 lives up to its promises.””

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 electronics

attempt...
training either. I'm now in charge of
Division Communications. We ser-
vice 119 mobile units and six base
stations. It’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,Western
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, mobite
radio, troubleshooting and math. Do
T use this knowledge? You bet. We're
installing more sophisticated elec-
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.l. Bill. If you served on ac-

tive duty since lJanvary 31, 1955, or
are in service now, check box on
reply cord for G.l. Bill information.

Cleveland Institute of Electronics

ci

1776 E.17th St.. Dept. PE-64, Cleveland. Ohio 44114

Accredited by the Accrediting Commission of the National Home Study C(.)U.IICII and the only home study school to provide complete: coverage

of electronics fundamentals plus such up-to-date app

Modni

« Singie Sideband Technig

62

as: Micr
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ization * Laser Theory and Application » Suppressed Carrier
« Logicat Troubleshooting + Boolean Algebra » Pulse Theory * Timebase Generators...and many more,
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Cleveland Institute of Electronics )

WARRANTY

of success in obtaining a

Government FCC License

The Cleveland Institute of Electronics hereby warrants that
upon completion of the Electronics Technology, Broadcast

:ﬂ ! Engineering, or First-Class FCC License course, you will be
"%’: able to pass the FCC examination for a First Class Com-

mercial RadioTelephone License (with Radar Endorsement) ;

OR upon completion of the Electronic Communications
course vou 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 vou select, on the very first try, you 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.

W
4

G. 0. Allen
President

CIRCLE NO. 9 ON READER SERVICE PAGE
March, 1968 65
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Polarity Quiz

BY ROBERT P. BALIN

Electronics technicians and hobbyists must be able to determine the polarity of a generated
voltage or voltage drop to really understand how a circuit operates. They must also be
able to determine the polarity of the supply voltage to be applied to a circuit, and how to
install correctly a polarized component such as a diode, meter, or electrolytic capacitor.
Test your ability to handle polarity problems correctly by selecting either “positive’” or

“negative’’ in each of the following statements.

1 To produce a north pole at the top of this elec-

66

tromagnet, the (positive___negative___) d.c.
supply terminal must be applied at point A.

When the permanent magnet is dropped through
the coil, the polarity of the voitage generated
at point A will be (positive__negative___)
with respect to point B.

The direction of the electron flow through Rg
will be indicated when the polarity of the in.
stantaneous voltage at point A is (positive___
negative___) with respect to point B.

Voltage at point A of this rectifier is (positive___
negative___) with respect to ground.

To bypass the emitter resistor properly, con-
nect the (positive___negative___) terminal of
the electrolytic capacitor to the emitter.

6

10

(Answers appear on page 119)

To bias the collector circuit of this transistor
amplifier properly, a battery must be inserted
so that its (positive___negative___) terminal is
connected to the collector?

The nonsymmetrical waveform appearing on
this d.c. scope indicates that most of the signal
has a (positive___negative___) polarity.

For the plate current meter in this circuit to
deflect correctly, the plate lead must be con-
nected to the (positive__negative_ ) ter-
minal of the ammeter.

The polarity of the voltage at point A of this
bridge circuit will be (positive___negative__)
with respect to point B.

The voltage at point A is (positive___nega-
tive___) with respect to ground.
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‘M iyhty-_
Mag
Speaker

System

BUILD YOUR OWN
ULTRA-COMPACT HI-FI
SPEAKER ENCLOSURE

BY DAVID B. WEEMS

HEN the Maximus I broke the sound
barrier for shoe-box size hi-fi speak-
er systems about three years ago, it had
two strikes against it from the start.
Common sense insisted that it was just
too small and the price of $59.50 too
high. Yet, thousands of apartment dwell-
ers who valued compactness as well as
good sound invested in the Maximus I.
What was really unique about the
Maximus I was the woofer. Unlike the
woofers of some small sealed speaker
systems, this one—built by Goodmans of
England—was strictly first class in qual-
ity of material and design. Various
PoPULAR ELECTRONICS readers have
asked if there were an equally good
woofer that could be purchased as a sep-
arate component. Now, for the first time,
the original woofer with its 3%-lb mag-
net structure and fundamental resonance
below 45 Hz is available, and you can
use it to build a small hi-fi speaker sys-
tem comparable in performance to the
original Maximus I at less than half its
cost.
In order to achieve the goal of high
performance at low cost, a lower cost
tweeter has been substituted, the same

*Trade name, UTC Sound Division.
67
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FRONT

FRONT & REAR

(8)

'«——SIDE CLEATS ———

Details for assembling the enclosure
are shown above. The small-diameter
woofer and tweeter are only available
from McGee Radio, 1901 McGee St.,
Kansas City, Mo. 64108. When you order,
mention that you saw this story in the
March issue of POPULAR ELECTRONICS.
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SIDE VIEW

I1—Maximus 4”7 woofer (McGec Radio Co. Stock
I—Tuwecter (McGee Radio Co. Stock No. TS-
2—9” x 11”7 lengths of 34" plywood for enclo-
2——90” x 754" lengths of 34”7 plywooed for en-
2—614” x 9147 lengths of 347 plywood for front
4—8” lengths of 34”7 x 347 bine for “A” cleats

3:6%” lengths of 347 x 34”7 pine for “B” cleats
4—3/16" x 134" flathead bolts (for woofer
4—3/ 7 x #8 panhead screws (for tweeter mount-
"0—611’” x #8 flathead wood screws (for fromt

Misc.—Trim. grille cloth, glue

BILL OF MATERIALS

No, 4WF MAX-1, $14.95)

6070, $3.95)

sure walls, beveled 45° at cach end

closure walls, beveled 45° at cack end

and back

6”7 lengths of 34" x 34”7 pine for corner glue
blocks

mounting)

ing)

and back mounting)

POPULAR ELECTRONICS
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one used for the Cinderella speaker sys-
tems.” This tweeter, which has always
seemed a good value, now has a fiber-
glass lining behind the cone to improve
response smoothness, and using it re-
sults in another economy; the tweeter’s
built-in high-pass filter, a 5-uF capacitor,
eliminates the need for a more expensive
crossover network.

Construction. It is not practical to try
to equal the compactness of the Maxi-
mus I system unless you are a skilled
metal worker; the front baffle in the fac-
tory unit was made of a special alloy on-
ly slightly more than lYi¢-inch in thick-
ness. Plywood for even a small enclo-
sure should have a minimum thickness of
Ve-inch. Full 3-inch material was select-
ed here, partly to avoid vibration, but
mainly because it is more widely avail-
able with hardwood veneer. This thick-
ness also allows a special method of con-
struction in which the beveled corners

*Build the ““Cinderella,” PoruLarR ELECTRONICS, Oc-
tober, 1965, page 49

provide enough surface area contact be-
tween the parts to be held by wood glue
alone.

First, cut out the parts. Then install
the front and back cleats. positioned
%-inch away from the edges of the sides,
top, and bottom to leave space for the
front and back panels. These %” x %”
cleats can be mounted with screws and
glue or, if C-clamps are used, with nails
and glue. The kind of nails that are
stocked by building supply houses for
use with dry wall house interior con-
struction are just long enough to hold
without penetrating the sides.

Corner glue blocks (6” long) can now
be inserted from cleat to cleat at the in-
terior corners of each of the smaller
sides. The enclosure parts should be set
on edge on a table top at several stages
of their preparation to check their fit.
After the glue has set on the cleats and
blocks, the basic enclosure can be as-
sembled by coating each joining surface
with wood glue, setting the sides togeth-
er, and applying pressure while the glue

After the cleats have been mounted, the sides, top, and bottom of the enclo.
sure are glued and forced together. Apply equal pressure using a canvas strap.

March, 1968
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sets. One of the most convenient meth-
ods of applying pressure is to use two
48-inch canvas straps. When tightened,
the straps force the sides into position
for.a perfect fit.

Next, the board cut for the front baffle
should be set in place and an outline of
the front cleats marked on it. The out-
line shows the space allowed for the
speakers. Set the speakers in position
and mark the location of the woofer
mounting bolts. When these holes are
drilled, diagonal lines between opposite
holes will precisely locate the center of
the woofer opening, which should ap-
proximate the point shown on the scale
drawing. The tweeter cutout is less crit-
ical.

After the cutouts. are made and the
woofer bolts inserted, the panel should
be painted flat black. Then the panel can
be mounted with plenty of glue and 10
screws, three along each long edge of
the piece and two at each end.

Massive magnet size of both tweeter (left)
and woofer are apparent in this photo. Al
though low cost, these speakers are of mod-
ern design and capable of very good sound.
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Finishing Touches. The plywood sides
can now be sanded and finished, and
grille cloth can be attached with tacks
or, if used sparingly, contact cement. Any
suitable trim will cover the raw edges
of the plywood; the author used pre-fin-
ished picture frame molding. The frame
was assembled and glued to the enclo-
sure with contact cement, leaving no nail
holes to fill.

Now install the speakers, using the
bolts for the woofer, panhead screws for
the tweeter. The speakers should be
wired in phase, in this case a matter of
connecting the left post on the woofer
to the left post of the tweeter. The wires
should be brought out the back of the
cabinet without introducing an air leak.
One method is to drill two small holes
and screw tight-fitting bolts through
the holes, after slipping the bolts through
solder lugs to receive the speaker leads.

The interior of the cabinet is filled
with acoustical felt, cotton batting, or

fiberglass. And, finally, the back can be
installed; a gasket of thin cork, felt, or
caulking compound around the rear
cleats is desirable to eliminate air leaks.

Was it an extravagance for Goodmans
to put a 3%-lb magnet structure on a
4-inch woofer? When you hear the
smoothness of this little system, you’ll
know why they did it. —30—
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Electric Gun

Invented by Henry F. Shartzer Patented Nov. 5, 1918—No. 1,284,155

At first glance, the ‘“electric gun’’ might seem to be one of H. G. Wells’
science fiction weapons. In reality, the invention of the electric gun marked
one of the early attempts to use Hertzian (radio) waves. The inventor
visualized a portable spark gap transmitter feeding a helical antenna.
The antenna was mounted on a gun stock and a magnifying lens posi-
tioned at the end of the coil. The inventor made several patent claims,
including the idea of using the ‘directed” radio waves to detonate explo-
sions, or stop/start a mechanical device at a safe distance. Of greatest
interest was the claim that the lens could focus the radio wave energy
and cause generation of intense heat at the focal point of concentration.

March, 1968
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the product galiery

REVIEWS AND COMMENTARY ON ELECTRONIC GEAR AND COMPONENTS

TV SOUND-ONLY RECEIVER
(Olson Model RA-23)

If you can’t possibly live without your
favorite TV program, but absolutely must
drive around town while it’s on the air, what
do you do? Suffer? You won’t have to any
longer. Olson Electronics (260 S. Forge St.,
Akron, Ohio 44308) will sell you the perfect
answer to the problem—a transistorized port-
able radio receiver that tunes in the sound
from TV channels 2 through 13.

It is reported to your reviewer that TV
“non-watching” (but listening to the sound
channel) is catching on. This may indeed
be true since there are numerous TV pro-
grams where viewing is not a prerequisite
(soap operas, panel shows, news, etc.). For
$39.98, you can join this growing clan of the
“in people” who don’t watch TV.

The Model RA-23 is an 11-transistor FM
receiver with three VHF tuning bands. The
first band tunes from about 54 to 90 MHz,
the second band from 86 through 112 MHz,
and the third band from 176 to about 220
MHz. Thus, not only are all 12 VHF TV
channels tuned, but the regular FM broad-
casting band as well.

In our tests, the Model RA-23 demon-
strated good sensitivity with the short an-
tenna collapsed while your reviewer listened
in on all TV channels at a distance of 30 miles
from the Empire State building in mid-Man-
hattan. Extending the antenna permitted TV
sound reception out to a distance of 50 miles
(possibly further; we didn’t try). Sound qual-
ity on both regular FM and TV was very
good considering the physical size of the re-
ceiver. i

As with practically all imported transis-
torized portable receivers, an earphone is in-
cluded (does anyone ever use them?).

Circle No. 86 on Reader Service Page |5 or 115

SOLID-STATE MULTIMETER
(Heathkit Model IM-17)

In one fell sweep during 1967, a new
breed of solid-state volt-ohmmeters was in-
troduced on the market by almost every
major manufacturer of test equipment.
These new VOM'’s have all the sensitivity
(11 megohms input impedance) and ver-
satility of a vacuum-tube voltmeter, coupled
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with the ease of operation and portability
of a conventional multimeter. The first sol-
id-state multimeters on the market were
too expensive—and some still are—for the
average hobbyist or experimenter. But a
price breakthrough was announced that may
well lead to the retirement of all conven-
tional VOM’s and VTVM's.

As 1967 drew to a close, the Heath Com-
pany (Benton Harbor, Mich. 49022) intro-
duced and began marketing a less-than-$20
solid-state VOM kit. Designated the IM-17,
this new kit has a high-impedance FET input
(11 megohms—identical to the input im-
pedance of Heath’s more sophisticated Mod-
els IM-16 and IM-25 solid-state multime-
ters selling for $44.95 and $80, respectively,
in kit form).

Other technical specifications of the IM-17
are as impressive as those for a conven-
tional VIVM. Each of the d.c., a.., and
ohms functions have four ranges. In the
d.c. function, accuracy is *=39%, full scale on
each of the 0-1 volt, 0-10 volt, 0-100 volt,
and 0-1000 volt ranges. In the a.c. function,
the frequency response of the IM-17 is =1
dB from 10 Hz to 1 MHz, and accuracy is
+59%,. Except for the first range, which is
0-1.2 volts, all a.c. ranges are the same as
those for the d.c. mode. Input capacitance
on the a.c. ranges up to 100 volts is 100
PF. On the 0-1000 volt range, the capaci-
tance is 38 pF, and overall input impedance
on all a.c. ranges is 1 megohm. The four
ohms ranges—x 1, x 100, x 10K, and x 1M—
are adequate for most applications. The me-
ter movement is a 200-uA, 100° deflection
unit.

The IM-17 is one of the easiest meter
kits to build. Construction and alignment
time is less than four hours, and even a
novice kit builder should have little difficulty
assembling the unit in a single evening. The
electronic components are mounted on a
large printed circuit board. Even wiring the
range/function switch is a breeze.

There are only two areas where the IM-17
falls short in your reviewer’s opinion. Be-
cause the IM-17 is a battery-operated unit,
it should be equipped with a device to auto-
matically turn off the power when the unit
is closed—and panel or probe identifica-
tion of the test leads would be most helpful.

(Continued on page 74)
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OLSON TV SOUND-ONLY
RECEIVER

At first glance the Olson Model RA-23
transistorized portable radio receiver
looks just like another portable. How-
ever, the tuning dial shows that the re-
ceiver tunes the FM broadcast band and
all of the TV channels from 2 through
13. Tuning is easy, the sound quality
better than average, and the sensi-
tivity is excellent. Price is $39.98.

" o
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HEATHKIT IM-17 |
SOLID-STATE VOM |

This less-than-$20 transistorized VOM is
expected to usher in a new era of portable
test instruments. Test leads are perma-
nently wired to the VOM—one lead for
grounding, one for d.c. voits, a third
for a.c. volts and ohms. The VOM is
housed in special tough plastic case.
Two batteries are required to power the
solid-state circuit. Assembly takes
about four hours. The IM-17 features a
panel-mounted polarity-reversing switch.

March, 1968 73
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CONTINUED

But even with these small deficiencies, the
IM-17 still remains today’s answer to today's
needs in electronics for hobbyists and tech-
nicians alike.

Circle No. 87 on Reader Service Page 15 or 115

HOUSEHOLD ULTRASONIC CLEANER
(E/MC€ Model LP-2)

There is a certain mystique to ultrasonic
cleaning. The housewife visualizes ultrasonic
cleaning as a space-age dishwasher, while the
handyman-around-the-house expects ultra-
sonics to cleanse the uncleanable. Between
these two extremes is the real value and
purpose of ultrasonic cleaning. Possibly in
an attempt to put ultrasonics in its proper
nerspective, the Electromation Components
Corp. (84 Toledo St., Farmingdale, N.Y.
11735) has introduced a very-low-cost
($39.95) cleaner that will do some of the
things a bigger unit can do—but, only on a
very small scale.

Ultrasonic cleaning involves the 1002, im-
mersion of the object to be cleaned in a bath
of specially selected detergents. The tank
holding the solution is excited to cavitation®
by an electronic ultrasonic generator—usu-
ally tuned to about 90 kHz. The bigger the
tank, the more powerful must be the genera-
tor. About 30 watts output is needed to cavi-
tate a one-pint tank and about 100-120 watts
ouiput for a one-gallon tank. As a rule of the
thumb, the bigger the tank capacity, the big-
ger the object(s) you can clean; but, simul-
taneously, the bigger the tank, the bigger
the generator output required, and the more
the installation will cost.

The Electromation Model LP-2 ultrasonic
cleaner is the first instrument of its kind de-
signed for use in the home. With a tank
capacity of about one-third pint, the Model
LP-2 is capable of cleaning jewelry (charm
bracelet, or smaller), dentures, small paint
brushes, electric shaver heads, etc. Samples
of two suggested cleaning detergents are in-
cluded in the package with each cleaner.

From a circuit viewpoint, the Model LP-2
is a simple spark gap transmitter roughly

*Ultrasonic cleaning is possible through the prin-
ciple of cavitation. As the term implies, the liquid
is agitated to form minute pockets of very low
pressure (cavities). The collapse of these cavities
produces a sudden impulse pressure that shakes
{oose insoluble dirt.
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tuned to 90 kHz. A thumbwheel varies the
gap distance, thus providing a means of com-
pensating for spark gap erosion. The trans-
ducer is cemented to the underside of a stain-
less steel “well” and excites the glass beaker
through a thin layer of water used as an
impedance coupling. Radio interference gen-
erated by the spark gap appears minimal on
all frequencies from 540 kHz through 176
MHz.

To someone expecting much more cleansing
action, the Model LP-2 could be a disap-
pointment. However, if the size of the tank
is kept in mind (along with the modest power
output of the ultrasonic generator), the Model
LP-2—with the assistance of appropriate de-
tergents—will effectively clean small pieces
of jewelry and dentures.

Circle No. 88 on Reader Service Page 15 or 115

SOLID-STATE STEREO TAPE DECK
(Allied Model TD-1030)

The advent of the stereo receiver has
caused a resurgence in the installation and
use of tape decks. Due to improved pro-
duction techniques, lower component costs,
and the rapidly growing consumer demand,
tape deck prices have been plummeting. In
1968 you can expect to see more quality at
lower prices than at any time in the past
five years.

Among the many recently introduced tape
decks is the Model TD-1030 deluxe three-
speed tape deck bearing the Allied name
(Allied Radio Corp., 100 N. Western Ave.,
Chicago, I1l. 60680). For the sum of $129.95,
you get an all-solid-state tape deck, wal-
nut-finished furniture base, dust cover, reel
holders, cables, empty 7” reel, and splicing
tape—a lot of goods for so little money.

Subjective listening tests consisting of
the playback of prerecorded commercial
tapes, and of tapes recorded by the TD-1030,
show this tape deck to be the equal of most
tape decks in the $150-200 price range. The
overall sound quality is crisp and vibrant—
not slushy as is occasionally the case with
similar priced decks. The hum and noise
from this tape deck is quite low at all but
the highest volume settings.

The listening tests at the three speeds of
the TD-1030 produced the following results:
at 714 in/s—very good dynamic range and
sound fidelity; at 33/ in/s—good to fair dy-
namic range and fidelity on music, excellent
speech recording and playback; at 174 in/s
—good background music reproduction of
limited fidelity, but still very good speech
characteristics. Equalization for playback at
714 in/s appeared to be well within accepted
hi-fi standards with no peaks or dips.

(Continued on page 104)
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E/MC*

VLYRARBONIC cLaangn

ALLIED TAPE DECK

Low-cost 4-channel stereo tape
deck is new addition to line of
hi-fi gear sold by Allied Radio.
Microphone jacks and recording
level controls are hidden behind
small drop panel. Each channel
has vu-meter to enable easy bal-
ance of recording level. Deck has
three speeds and, in tests, per-
formed remarkably well. A glamour
version with speakers and ampli-
fiers is sold for only $40 more.

March, 1948

E/MCe ULTRASONIC CLEANER

Small Electromation ultrasonic cleaner is sold
complete with instruction boaklet, samples of
recommended detergents, etc. The glass dish
is placed in recessed well on top of cleaner;
object tc be cleaned is immersed in warm
water in the dish. Plastic spange covers dish.

WWW ammerieaniadiahictary com
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A NUMBER of readers have requested
that your Information Central Editor
supply them with details on troubleshooting
integrated circuits (IC’s) and how to make
repairs. The IC’s themselves cannot be re-
paired but must be replaced. However, com-
ponents in a circuit in addition to the IC
(resistors, capacitors, coils, etc.) can be test-
ed and, if necessary, replaced.
Troubleshooting IC circuits is difficult.
Unsoldering them (if they are not socket-
mounted) is tricky and can lead to module
damage. Substitution of a new module is the
easiest way to determine whether or not the
IC itself is defective.
Where a number of IC’s are mounted on
a circuit board, replacement of the entire
board may be necessary, unless each module
is socket-mounted. Experimenters should al-
ways try to use sockets in mounting IC’s
Although IC’s are now available in a num-
ber of different packages, including TO-5,
TO-18, and flat-epoxy containers, sockets or
clips are available for mounting each type.
Heat is the greatest destroyer of the IC,
followed by voltage transients and incorrect
voltages. As time goes on, special test equip-
ment for IC’s will no doubt become avail-
able and will probably operate much as
tube or transistor testers do.

P.A. System Interference. I live near a
church and my 150-watt ham ftransmitter
interferes with the church public address
system, especially when I work on the 10-
and 15-meter bands. I have a low-pass
filter on my transmitter and the set is well
grounded. What could be causing the inter-
ference?

Your r.f. signal could be getting into the
p.a. amplifier via the a.c. power lines, mike
cords, or even the speaker lines. No doubt
grid rectification is taking place in the p.a.
amplifier in one or more stages. By insert-
ing 75,000-ohm resistors in the grids of the
preamplifier stages, and bypassing them to
ground with a 0.001-yF ceramic capacitor,
it is possible to eliminate the interference.
Or you may have to insert coaxial capacitors
(0.1-.F) in series with the p.a. amplifier a.c.
line. An rf. choke (214-mH) in series
with the hot mike lead and bypassed to
ground with a 0.001-,F ceramic capacitor
will also help, and may be all that is need-
ed. If the trouble is speaker line pickup, it
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can be cured by installing 0.001-uF ceramics
in series across the line at the amplifier and
grounding the center connection.

Portable Antenna System. As a traveling
salesman and a ham, I would like to ob-
tain a portable antenna system that I can
use when staying at hotels and moftels.
What I have in mind is a vertical of some
sort that can be shoved out the window of
my room. I am interested mainly in 40, 80,
and 20 meters, and I use an SB-34 trans-
ceiver. Can you print a diagram of a suitable
antenna system?

The diagram below shows a simple sys-
tem; you can use a SWR bridge to make
tuning easier. For 80 meters, the whole coil

los"+
0—%———0 TO TRANSCEIVER
250pF (THRU SWR METER)
(‘r VIA COAX
SEE TEXT

~——RADIATOR
— COLD WATER
PIPE ETC.

can be used (depending on frequency). Ad-
just the coil tap and tune the variable
capacitor for lowest reflected power. A col-
lapsible whip antenna can be employed,
provided that it is 96 inches or longer. The
coil is made of 30 turns of #14 wire, 8 turns
per inch, 2%5” in diameter.

Checking Low-Voltage Electrolytics. Is
there a simple way to check low-voltage
electrolytic capacitors?

Use your ohmmeter. If a capacitor is
shorted, the meter will read full scale when
the prods are connected to either end. If the
capacitor is all right, the meter needle will
kick over and gradually drop down on the
high range scale—if the prod polarity is cor-
rect; if it is not, reversing the prods will
cause the needle to move. A leaky capacitor
will be indicated (with ohmmeter on high
resistance scale) by a lower than normal
reading, and the needle will take somewhat
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longer to drop down than with a good ca-
pacitor.

Three-Phase A.C. Circuits. Is a 3-phase
a.c. circuit better than a single-phase cir-
cuit for supplying a transmitter full-wave
power supply?

The 3-phase circuit will have lower ripple,
require less transformer kVA, and will de-
liver 1.5 times as much load current for a
particular solid-state rectifier assembly.
However, a 3-phase connection is only used
on very large electronic equipment with ex-
ceptional current demands.

Heath 0-9 Scope Problem. I have an old
Heath O-9 scope and I would like to know
what makes it have a thick trace. I have
checked everything I can. Could it be hum
in the vertical amplifier, or what?

Check your resistor string. One of the re-
sistors feeding the intensity control has
probably increased in value.

Capacitance Relay. I would appreciate it
if you could publish a diagram of a simple
capacitance relay that can be operated by
bringing one’s hand close to a plate. It must
be transistorized.

The circuit below is a “detuning” circuit
in that it operates when its tuned balance
is upset. Placing a hand on the plate will

¥
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cause a 2-mA, 100-ohm relay to close. Tran-
sistors that can be used include the follow-
ing: 2N1066, 2N 1395, 2N1396, 2N1397, GE-
1, SK-3007, and DS41. The coils should be
mounted close to each other. To tune, set
the capacitor in circuit “B" near minimum,
and the capacitor in circuit “A” about 3/
maximum. Adjust the potentiometer for re-
lay closing without touching the plate. Then
tune circuit “B” for relay opening. If you
touch the plate now, the relay will close.

March, 1968

$5.00 FM Receiver. Can you supply a
diagram for an FM pocket receiver which
will cost less than $5.00?

See the diagram below. Coil LI consists of
814 turns of #20 wire, 14” in diameter, 34"
long. Coil L2 is a 214-turn link of #20 wire,
spaced 14” from L!. Adjust the spacing for
best signal. Coupling “gimmick” GM is

ANT

18" #12
COPPER’
L2
(IOpF ’ =
2MEG. 3
REGEN. 2
CONTROL 3
2000 OHM
+ OPHONES
ERT | RFC »
250 SEE TEXT

made from two one-inch lengths of =18 in-
sulated wire, twisted together for best re-
sults—probably between 1 and 3 turns. Any
number of transistors can be used—among
them the 2IN1023, 2N1026, 2N1397, 2N1233,
2N1469, 2N1474A, 2N1395, and SK-3008.

Transistor Outage. I live in Panama where
the heat and humidity are high. We have
some General Radiotelephone Co. 150-170
MH:z FM transceivers which are fine sets
and work well, but we have to continually
replace the power supply transistors. Can
you suggest a remedy?

The transistors in this particular unit are
2NS11’'s. We suggest that you substitute
2N512A’s or 2N514A’s. Also, you can remove
the bracket holding the power transistors
and install a heat sink (for two transistors)
on the right rear corner of the transceiver
away from the power transformer. In addi-
tion, install a small fan facing the tran-
sistors to cool them.

Why Directional Antennas? Is it true
that an h.f. beam-type antenna system can
reduce transmitter power requirements and
reduce interference as well?

Yes. For example, a 1-kW transmitter
using a beam antenna having 16 dB gain,
and a similar antenna at the receiving end
can do about as much as a 1580-kW trans-
mitter using an omnidirectional antenna
system. Also, by concentrating r.f. energy
in one direction (with minimum side lobes),
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interference is reduced in areas where the
signal is not wanted.

Radio ‘‘Fox-Hunter.” Can you supply a
diagram of a simple radio (AM ) direction
finder for use on 28 MHz? I want to partici-
pate in the “foxhunts” we have in our area.

Hidden transmitter hunting can be a lot
of fun, and the unit shown below should do
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a good job for you. It is sensitive enough
to track a hidden station for about 1 mile.

NCX-3 R.F. Feedback. I recently acquired
a used NCX-3 transceiver. This set, when
fully loaded into the antenna, exhibits r.f.
feedback as I turn up the mike gain. Also,
the plate meter jumps up to 300 mA with-
out audio input and sometimes the oscilla-
tion can be heard on the signal. What should
I do?

First, add a 0.003-pF, 500-volt ceramic
capacitor from the hot side of the mike jack
to ground. Then add a 0.001-pF, 500-volt
ceramic capacitor from pin F2 of V7A
(6GHS8) to ground. If your NCX-3 uses a
6ANS8 instead of the 6GHS8, the connection
should be from pin #8. If the r.f. feedback
continues, add an additional 0.001-uF, 500-
volt capacitor from pin #2 of the V6B
(12AT7) speech amplifier to ground. Make
the leads of these capacitors as short as pos-
sible. And if you use a coiled mike cable, try
changing the cord to a straight one.

Telemetry Antennas. What type of an-
tennas are generally used for radio telemetry
work? What frequencies are utilized, and
what is the average gain (lowest to highest)?

A number of antennas are used for telem-
etry purposes. Among them are the omni-
directional discone, helicone, directional
corner reflector, bifilar, multihelix, parabolic,
and broadband log periodics. Frequencies
from 108-140 MHz to 2.5-3.0 GHz are cov-
ered by the antennas mentioned. Gain varies
from 2 dB for an omnidirectional discone
antenna to as much as 33.4 dB for a 10-
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foot, circular-polarized parabolic antenna
operating between 2100 and 2300 MH-.

R-55A Receiver Problem. I have a Knight
R-55A receiver, the noise limiter of which
has stopped operating. I replaced the 6ALS5
tube but this did not help. What do you
suggest I do next?

Check resistors R21, R22, R26, R27, R28,
and R29, and the capacitors bypassing them.
Also check switch S4 for a short. Incidental-
ly, we have had numerous inquiries as to
how to improve the selectivity and sensi-
tivity of this popular little set. A preselector
would help.

Counter-Timer. I am a science and phys-
ics teacher in a small high school and we
need an electronic timer-counter which has
a range of at least 10 MHz. Our budget is
limited. Wheat can you recommend?

Take a look at the counter which is pre-
sented on page 27 in this issue.

Relay Contact Arcing. Is there a good
way to prevent relay contact arcing, which
eventually destroys the contact points?

There are a number of ‘“arcing suppres-
sors” on the market. The homemade one
shown here uses a neon lamp. When there
is a sudden surge of counter-e.m.f. as the
contacts open, the neon lamp ignites. The
stored energy in the coil then discharges
quickly through the lamp. The voltage
across the coil is held to the maintaining
voltage of the lamp until the counter-e.m.f.
of the coil falls below this voltage. The
lamp will stop conducting at this point.
Arcing is prevented across the contact points
(normal spacing), because while the lamp

a |

)
RELAY OR
OTHER
INDUCTIVE
LOAD

is operating the voltage is maintained at
an adequate low level. Choosing a neon
lamp for a specific relay depends on the
operating voltage and current of the relay
in the circuit.

oo

. Requests to Readers. Please do NOT
send to Information Central schematics or
any other material which must be returned
—the volume of mail to be handled is just
too great. Please continue to use postcards
—one question to a card. And if you have
a “tip,” or answer to a specific problem,
which you think may be of interest to other
hobbyists, forward it to us for possible pub-
lication. 30—
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AMATEUR RADIO IN THAILAND

FFICIALLY, the Thai government does
not license radio amateurs and has in-
voked Article 41 of the Internationzl Tele-
communications Union regulations against
communications between Thai amateurs and
foreign amateurs. Nevertheless, Thailand
has not “banned” amateur radio. Instead,
the government looks the other way while
the Radio Amateur Society of Thailand is-
sues call letters, administers thz QSL Bu-
reau, supplies addresses to the Callbook, etc.
In turn, Thailand’s 45 or so amateurs care-
fully observe ITU rules and frequency allo-
cations and FCC operating and technical
standards. In addition, on the theory that
other amateurs should know the attitudes of
their governments regarding contacts with
HS stations, they usually wait for foreign
amateurs to call them before making inter-
national contacts. (As far as is known, only

Canada and the United States forbid their
amateurs to work Thailand.)

To date, the Thai government’s response
to all efforts to persuade it to modify its
position has been no official recognition but
quiet tolerance of amateur radio. As long as
this situation prevails (especially the invo-
cation of ITU regulation 41), United States
and Canadian amateurs court disciplinary
actions, including possible fines and license
suspensions, by calling or working HS sta-
tions. So don’t take a chance!

The above information was received via
Newsletter £ 8 of the International Amateur
Radio Club, Geneva, Switzerland, in which
Art Goddard, HS1CW/KI1AIl, discussed
amateur radio in Thailand.

Who Invented Radio? Your Amateur Ra-
dio Editor’s mention of Thomas Appleby’s

AMATEUR STATION OF THE MONTH

March, 1958

Bob Lauzon, WB2NSD, Pitts-
ford, N.Y., started as a Novice
in 1964 and is now studying
“like crazy'’ for an Extra Ciass
amateur license. Bob works 80
through 10 meters with a Col-
lins 32S-3 driving a National
NCL-2000 and a Collins 75S5-3
receiver. He also works 6 me-
ters with a Gonset IV, 2 me-
ters with a Halilicrafters SR-42,
and mobile wi'h a Hallicraft-
ers SR-160 SSB transceiver
in his “Barracuda.” With WAS,
and WAC under his belt, Bob
needs only five more counties
for all U.S. counties worked.
WB2NSD will receive a one-
year subscription for submit-
ting the winning entry for
March in our Amateur Station
of the Month Photo Contest.
To enter the contest, send
a clear photo of your station
with you at the controls and
some details on the equipment
you use and your ham radio
career to Amateur Radio Con-

test, % Herb S. Brier, Ama-
teur Radio Editor, P. O. Box
678, Gary, Indiana, 46401.
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book, “Mahlon Loomis, Inventor of Radio,”
last November prompted Tom to research

further the statement in the book that
Loomis had transmitted 400 miles by wire-
less. He found it to be a garbled report of a
40-mile wire transmission by atmospheric
electricity. As stated elsewhere in the book,
the correct distance is 18 miles.

Also, Tom did not quite say that Marconi
may have gotten the idea of using elevated
antennas from Loomis. Rather, he said that,
although some authorities give Marconi
credit for the discovery of the kite antenna,
Marconi apparently read about Loomis’ kite
antenna in Loomis’ patent papers before fil-
ing his own patent application—which cul-
minated in Marconi's practical wireless sys-
tem.

But Nick Basura of Los Angeles dis-
misses both Loomis’ and Marconi’s claims
with the statement that a 1943 U.S. court
decision declared Nikola Tesla to be ‘“‘the
true father of radio.” And we were not sur-
prised to receive an airmail letter in Russian
from Vladis, UA9OH, Siberia, who—like
most Russians—thinks that Aleksandr Ste-
panovich Popov is the “father” of radio. But
Vladis wrote to talk about his home-built
SSB transmitter, not about what had hap-
pened 75 to 102 years ago.

While Marconi, Tesla, and Popov (and
others) went much beyond Loomis, in 1866
—when Loomis actually transmitted 18 miles
by wireless—Marconi had not yet been born,
Tesla was 10, and Popov was 7 years old.

Skip Is Legal—Amen! Although we don’t
have any figures to support an acclamation,
your Amateur Radio Editor feels that
Squires-Sanders deserves a vote of thanks
from the amateur radio fraternity. In case
you haven’t noticed, Squires-Sanders has
been promoting to CB’ers the idea that if
you want to work skip. the ham bands are
the place to do it. Of course, this program is
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Vladis Novosibirsk, UAQOH, Siberia, puts
out an excellent SSB signal that can
be heard cn 14 MHz in the United States.
He uses a home-brew 200-watt filter trans-
mitter feeding a ‘‘Swiss Quad’ antenna.

Two-thirds of the ingredients needed for a
successful DX station are a good operator,
like Sanford Hutson, K5QHS, below, and

good equipment, like that made by Heath.
The third ingredient, a good antenna (ro-
tary beam by Mosley), is on Sanford’s roof.

tied in with an advertising campaign on the
manufacturer’s Clegg transceivers for 6 and
2 meters, but even so, it is a positive contri-
bution toward straightening out the mess on
the CB channels.

If you have a CB’er friend whom you
think is a potential ham, steer him toward
one of the radio stores with the Squires-
Sanders counter display. Tell him about the
free code learning record and set of ARRL
manuals that will help him get a ham li-
cense. Maybe then you can convince your
friend that securing a ham ticket is not that
difficult.

FCC News. Effective January 15, simpler
FCC rules governing the signing of amateur
call letters went into effect. Under the new
rules:

(1) As has always been true on CW, port-
able and mobile phone stations now need
only give the call area in which they are
operating. Example: “This is WIEGQ, port-
able (or mobile) 9.”

(2) Maritime mobile stations (outside the
continental United States) are to follow
their call letters with “Region 1, 2, or 3,”
depending upon where in the world they are
operating. This change eliminates the dilem-
ma that faced maritime mobile operators
when FCC regulations required transmitting
their exact locations, and military security

(Continued on page 101)
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OUR CB Editor was notified during the

closing hours of 1967 that he had been
selected by the South Western General Radio
Association, London, Ontario, Canada, for
presentation of the G.R.S. News Award for
1967. In an open letter to the SW.G.R.A,,
submitted to SCOPE, the General Radio
Service Journal, your CB Editor replied as
follows:

“. .. We cannot praise enough the emer-
gency and public service actions by GRS/
CB operators . . . The serious operators have
proven the need for the ‘CB communications
link’ in time of emergency—in most in-
stances, beyond the call of voluntary duty.
Clubs such as the S.W.-
G.R.A., and news vehicles
such as SCOPE, are the
motivating forces by
which the good of CB can
be brought to the eyes of
the general public, govern-
mental agencies, and oth-
ers using the communica-
tions spectrum . . .

“. .. Although the hun-
dreds of CB/GRS news-
papers published monthly
throughout the U.S., Can-
ada, Australia, etc., are
but a handful of positive
voices for the good of the
services, they are the only
means of enlightening a
misinformed public that
has been intentionally
misled by publishers who appear incapable
of producing good copy, and must, there-
fore, survive financially on sensationalism,
exposé, and negative reports.

“It is the individual GRS/CB'er, work-
ing collectively with team or club members,
in time of emergency or as public servant,
who makes the club newspaper possible.
Without his voluntary efforts, the club pub-
lication becomes—in most cases—a couple
of recipes, a few off-color jokes, and a col-
lection of valueless tidbits to act as fillers.

“There is no denying the probability that
rules violators may at times outnumber the
[legal operators] on the 11-meter band. We
take a lot of verbal abuse because of vio-
lators’ actions on the air. You must have
noticed, however, how quickly derogatory

March, 1968

reflections die down when someone relates
how CB’ers handled complete communica-
tions for several days when an entire com-
munity was left without power following
storm conditions; how the life of a small
child was saved when a CB communica-
tions network put hundreds of searchers on
foot to hunt for the child; and how CB’ers
delivered first aid, food, clothing and com-
munications facilities to families stricken by
tornadoes, floods, and hurricanes.

“We are honored to have been considered
for an award from a highly active, certainly
successful, GRS club. We are reasonably
sure that the [decision] must have been
generated by the stand we
have taken on the side
of the GRS/CB’er whose
primary interest is in
using his communications
know-how and equipment
to serve those in need.

“Therefore, any award
presented to this editor
has been made possible by
worthwhile volunteer ac-
tions, and rightfully be-
longs to those who have
made the presentation
possible. In fact, this edi-
tor will accept such recog-
nition only by posing as a
representative of those de-
serving commendation for
their public service ac-
tions.

“If reporting the true facts on emergency
assistance by GRS/CB operators has made
this award possible, we look forward to more
presentations in the future, so long as GRS/
CB’ers’ actions make possible the sort of
print that will continue to establish both
services as respected and needed facilities
by local, public service, and governmental
agencies.”

Club Chatter. The Dixie Citation, month-
ly publication of the Dixie Communications
Club, Decatur, Ga., reports that the Georgia
Citizens Band Radio Council, Inc. currently
sports a membership of 24 clubs throughout
the state. Council call-sign for those in need
of service while en route through any part

(Continued on page 111)
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* Short-Wave Editor

HE Australian Broadcasting Commis-

sion has a 250-kW booster station under
construction in Darwin, Northern Territory,
for use on the short waves. A nearby receiv-
ing station is also being built to pick up pro-
grams from the Shepparton facilities which
will be relayed to Darwin by a microwave
link system. If this off-the-air pickup is un-
satisfactory due to propagation conditions,
local programs will be used.

Radio Emissora de Piratininga, Sao Paulo,
Brazil, under the new directorship of Daniel
Medeiros, is building a 100-kW transmitter
for the 11,745-kHz outlet (ZYR65). A sub-
stantial power increase for the 49-meter out-
let (ZYNG63, 6025 kHz) is also planned. Both
units are currently rated at 10 kW.

The Brazilian Radio Clube Ceara, ZYNG6,
6105 kHz, recently received a tape recording
of one of its transmissions from Joseph
Hueter, Sr., Philadelphia, Pa. The station
operators were surprised but pleased to
learn that their 5000-watt transmitter was
even being heard in the United States. They
verified the report and retained the tape re-
cording as a souvenir.

SHORT-WAVE LISTENING

By HANK BENNETT, W2PNA/WPE2FT

BROADCASTING STATION NEWS AROUND THE WORLD

Radio Denmark recently introduced a DX
program called “The DX Window.” Twenty
minutes in length, it is broadcast Sundays in
English at 1015-1035 on 9520 kHz, and re-
peated on Mondays. The program is pro-
duced in cooperation with the Danish Short-
wave Club International.

According to a press report, the Rhodesia
Broadcasting Corporation intends to intro-
duce a new commercial service in English
sometime in 1968. It will probably be
called Radio Jacaranda, and will have a for-
mat similar to that of South Africa’s
Springbok Radio.

A report received from Radio New York
Worldwide indicates that the Voice of the
Arabs, largest and most powerful radio sta-
tion in the Middle East, is being dropped by
President Nasser and will be turned over in
toto to the Arab League. Entirely in Egyp-
tian hands until now, the station has been
widely blamed for keeping the Arab world
split, since it reportedly voiced only Nasser’s
viewpoints. In the future, the 13 countries
involved in the League are to have equal say

(Continued on page 112)

Impressive array of equipment? It is all located at Mountainside Communications in Somerville, N.J., and
Is operated by Roger Schroeder, WPE2LOC. At far left, bottom to top, are two Squires-Sanders FM Alert
emergency receivers, and a ““Nonsense Box'’ (?) which was built to POPULAR ELECTRONICS specifications.
At center, left, is a Knight-Kit R-100A general-coverage receiver, topped by a Squires-Sanders 23'er, power
supply, and Heath “Twoer” 2-meter transceiver. At center, right: a 23-channe! Citizens Band transmitter,
a Heath 140-10 monitor scope, and a Lafayette TM-58 SWR power meter. At the right: a Clegg 22'er,
topped by Plectron fire monitor, Heath HD-15 phone patch, microphone preamp, power supply, and S-meter.
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MONG the new solid-state devices an-
nounced during the past few months are
two units which may have a profound effect
on future technology: a semiconductor “in-
ductor,” and an infrared-to-visible light con-
verter: The first'was-developed in Japan, the
latter in the United States.

Eveolved by a research-group headed by
Shoei Kataoka at Japan’s Electrotechnical
Laboratory in Tokyo, the solid-state induc-
tor may revolutionize many IC designs. for
engineers, heretofore, have had to rely on
external discrete coils where inductive re-
actances were needed in their monolithic cir-
cuits. The device may make it possible to
include inductors as integral parts of IC
chips along with resistors, capacitors, di-
odes and transistors. Although still experi-
mental, the new unit has undergone extensive
tests.

Essentially a modified Hall-effect device,
the inductor consists of a flat slab of special
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Fig. 1. Japanese researchers have success-
fully simulated a tuned circuit using the
Hall-effect, a development which may be
the forerunner of tuned circuits in IC's.

Fig. 2. This American development is a
sclid-state infrared-to-visibie light con-
verter that could lead to many new cam-
era concepts, technigues and applications.

n-type material, such as indium antimonide,
equipped with four terminals, one on each of
its edges, as illustrated in Fig. 1. A fixed
capacitor (C) is connected between one pair
of terminals and a strong magnetic field is
established perpendicularly through the slab
by a permanent magnet.

In operation, an a.c. flow through the slab
between the main terminals causes a rela-
tively small voltage drop but develops, at
the same time, a much larger voltage be-
tween the second pair of terminals as a re-
sult of the Hall-effect induced by the fixed
magnetic field. This “Hall voltage” causes
a corresponding current flow through the
fixed capacitor which leads the voltage by
90 electrical degrees. The leading Hall cur-
rent, in turn, induces a secondary Hall volt-
age between the main terminals which leads
the applied a.c. by approximately 90 de-
grees, thus establishing the basic phase rela-
tionship of an inductive reactance.

In more advanced units, the Hall termi-
nals are eliminated by using a sandwich-
like semiconductor construction which makes
the capacitor an integral part of the device.
Small ferrite magnets are attached to the
slab to provide the needed magnetic field.
Effective inductances as high as 0.5 mH at
1 kHz have been achieved in the initial ex-
periments.

The infrared-to-visible light converter dia-
grammed in Fig. 2, was developed at MIT’s
famous Lincoln Laboratory. An integrated
multilayer device, it not only has potential
applications in test and research instruments
and exotic weapon systems, but may be the
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forerunner of a variety of energy converters
with widespread applications in television
broadcasting and reception, communications,
and industry.

The basic unit is made up of four layers:
a thin semi-transparent metallic flim, an
insulating oxide region, and adjacent areas
of indium antimonide (InSb) and gallium
arsenide-phosphide (GaAsP). Electrically,
the device is equivalent to a fixed capacitor
in series with photodetector and photoemit-
ter diodes.

In operation, infrared radiation applied
through the transparent metal film generates
a low-level current by photodetector action.
This current is stored by the capacitor sec-
tion and delivered to the light emitter diode
in short. high-current bursts when the de-
vice is driven by an external pulse genera-
tor, causing photoemission and the radia-
tion of visible light.

Readers’s Circuit. Among the most popu-
lar of projects is the code practice oscillator,
which can continue its useful life long after
its owner has mastered the radiotelegraph
code. As a self-contained audio signal source,
it can be modified for use as a test instru-
ment and, in this capacity, can be used for
checking intercoms, record players, mod-
ulators, and similar audio amplifiers—or,
equipped with a loudspeaker, it can be used
as a substitute for a human “helper” in de-
termining optimum microphone placement
for recording sessions or p.a. installations.

The two-transistor circuit in Fig. 3 was
submitted by reader Charles A. Rankin,
WA2HMM (217 Grand St., Westbury, N.Y.
11590). Featuring loudspeaker output, the
design differs from “run-of-the-mill” cir-
cuits in that it uses an RC phase-shift oscil-
lator rather than the more familiar Hartley,
Colpitts, or tickler-feedback arrangements.

Transistor @/ serves as an oscillator and
@2 as a power amplifier. The feedback needed
to maintain oscillation is supplied by a net-
work made up of CI, C2, and C3 in con-
junction with R2, R4, and QI's base-emitter
resistance. Base bias current is established
by RI, while R3 serves as the collector load.
Oscillator QI's output signal is coupled
through d.c. blocking capacitor C4 to the
power amplifier which, in turn, drives the PM
speaker through impedance matching trans-
former T1. Base bias to Q2 is furnished
through RS5. Circuit d.c. power is supplied by
B1I, controlled by the hand key.

Transistors QI and Q2 are general-pur-
pose pnp types (2N1306’s or simitar). The
resistors are all half-watt units, and the ca-
pacitors are low-voltage ceramic, plastic film,
or paper types. Output transformer 7T/ has
a 2000-ohm primary and a secondary chosen
to match the speaker voice coil (typically,
Lafayette No. 99 H 6101 for a 10-chm voice

March, 1968
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