BUILD — A Wideband FET Field Strength Meter
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HOW TO

Deal with RF Interference

Repair a pH Meter
Use a De-Q’er

AUDIO

AnA?
|

Build a Crossover Network
Tape Recorder Tips and Techniques

BUILD

(see page 60)

Intermittent Filament Analyzer
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A Modulation Scope Monitor
(see page 54)
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CRYSTAL CALIBRATOR

100 KH2

BUILD

IC Crystal Calibrator
(see page 32)
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Measure 0.0T Ohm
(see page 41)
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VALUE THROUGIH INNOVAITION

FEATURES:

Solid State Multipurpose
Digital Voltmeter
with VTVM Capabilities

DC Volts: 10 Microvolts to 10,000 volts @ 100 Meg 9 Input Impedance .

AC Volts: 10 Millivolts to 300 Volts 20 Hz to 500 MHz

Ohms: 10 Milliohms to 2000 Megohms
Current: 10 Pico amps to 200 Milliamps
Accuracy: .1% = 1 digit

100% Over-range

3 Readings per second most ranges
Floating Input

Unique Low, Medium, High Range Selector
Overload Indicator

Analog Output

Auxiliary Power Supply Output

Dual Ohms Protection

Automatic Polarity

Polarity Indication

Display Storage

DIGITAL VOLTMETER X-3

AL IERO DC & OHMS IERO  ON DISPLAY
nA
A

mA (% Amp Mar]
my

vDC
VAT [200 ¥ Max)

L MH

Optional Adjustable 30 volts, 150 ma regulated plug-in supply | B

$695 (including probes)

Originator of the Digital Voltmeter

DEL MAR, CALIFORNIA 82014
[714) 755-1134/TWX: 910-322-1132

NON-LINEAR SYSTEMS, INC.

The NLS X-3 is the first digitally indicating multifunction
instrument designed to 1ill those requirements where
.005%0 and .01% accuracies are not required. The X-3
eliminates the operator training required by inaccurale,
difficult-to-read moving pointer meter displays.

Parallax is completely eliminated; the unique Hi-lLo-
Medium range swiich makes the X-3 a pleasure 10 use
especially in production line testing

All the features in the X-3 are standard, including the
probes. A unique and long awaited innovation in the X-3
is PS-1 Power Supply Option. The Standard X-3 provides
a filtered 40 volt, 200 ma power supply. When the PS-I
is used, it directly plugs into the front panel terminals on
the X-3. Now, besides having the measuring capabilities
provided by the X-3, you have an adjustable, regulatec
0-30 volt, 150 milliampere supply. By simply turning a
switch on the supply, you can monitor both supply volt-
age and supply current and still use all the measuring
capability of the X-3.

Circle 7 on reader’s service card
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Growth in Electronics Employment Comes Naturally Through Education!

Earn Your FCC License and Associate Degree

In today’s world of electronics employment, an
FCC license is important — sometimes essential
but it’s not enough! Without further education,
you can’t make it to the top. Get your FCC license
without fail, but don’t stop there. To prepare for
the best jobs, continue your electronics education
and get your Associate Degree in Electronics
Engineering.

This is good common sense for those who want
to make more money in electronics. It also makes
sense to prepare for your FCC license with the
School that gives degree credit for your license
training — and with the School that can then take
you from the FCC license level to the Degree level.

The first two semesters of the Grantham degree
curriculum prepare you for the first class FCC
license and radar endorsement. These two se-
mesters, in addition to other parts of the Grantham

*Semesters 1, 2, and 3 of the Grantham electronics cur-
riculum are available also in resident classes at our Wash-
ington, D.C. school — at the address shown below.

Grantham School of Electronics
1505 N. Western Ave. 818 18th Street, N.W.
Hollywoed, Calif. 90027 Washington, D.C. 20006

Telephone: Telephone:
(213) 469-7878 (202) 298-7460

or

degree curriculum, are available by corres-
pondence® at very reasonable tuition. The
ASEE Degree can be earned by correspondence
with a minimum of one semester in residence.

The technician who knows only the “how” of
electronics is left behind again and again by new
designs and techniques. But by comprehending
the “why,” he remains an expert — well paid and
respected in his field.

Accreditation, and G.I. Bill Approval
Grantham School of Electronics is accredited by
the National Home Study Council, and is approved
under the G.I. Bill. For seventeen years, Grantham
has been preparing men for successful electronics
careers.

It’s Your Move

The move you make today can shape your future.
Begin now with a step in the right direction —

= s — — — — — e e — S — et et et Sy S et S S S e o

Grantham School of Electronics
1505 N. Western Ave., Hollywood, Calif. 90027
Please mail me your free catalog, which explains how {

Grantham training can prepare me for my FCC License i
and Associate Degree in electronics. I understand no

|

|

]

|

|

| salesman will call

I ]
i Name Age I
| |
‘l Address

#

i City State Zip

L e e e ke R el T S ——— b
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NEWS BRIEFS

FUTURE ELECTRET PHONE MIKES?

When Alexander Graham Bell in-
vented the telephone, over 90 years
ago, he produced a device which would
transmit and receive the human voice.
The transmitting function was im-
proved by Thomas A. Edison in 1877
and by Henry Hunnings in 1878, but
apart from these changes, the princi-
ples of the telephone have remained
virtually unaltered to this day.

Meanwhile, the whole concept of
a telephone system, of complex switch-
ing centers and vast transmission net-
works, has developed beyond Bell’s
wildest dreams. Only now does it ap-
pear likely that the carbon-granule
telephone microphone may be re-
placed by a more efficient unit.

Researchers at Northern Electric
Laboratories in Ottowa, Canada, have

developed an experimental micro-
phone using an electret—one of the
least understood electronic develop-
ments of the past. The new micro-
phone can reduce normal operating
current by 90% while offering good
quality reproduction. It is perhaps the
first practical combination of a pre-
polarized electret with a semiconduc-
tor amplifier, to produce a useful tele-
phone transducer with an attractive
life factor.

The new microphone (see photo)
consists of a lightweight electret film
0.0003” thick placed in direct contact
with a roughened surface of a rigid
backplate (to prevent wrinkles and
consequent arcing and distortion). The
polarized electret film is connected to
a 20-dB solid-state amplifier which
brings audio output up to line level,
and matches the electret high imped-
ance to the line low impedance.

Although an electret microphone
can be made with flat frequency re-
sponse over most of the audio spec-
trum, it was specifically designed to
match the response of the carbon
transmitter it replaces. Thus users will
detect no difference in speech quality
—except that the electret mike has
lower noise and distortion levels.

DIODE-AMPLIFIED ANTENNA

Powered by a single flashlight bat-
tery, a new active reflector antenna
uses a tunnel-diode amplifier to bounce
back a radar signal. It might be used
as a tight-security locating beacon for
aircraft, and messages may be added
to the signal before it is transmitted
back to the plane.

As shown in the photo, a metal
spiral (antenna) is impressed on a
circuit board at one end of a cup-
shaped metal housing. Inside the hous-
ing are a tunnel diode, a capacitor and
a piece of transmission line which
resonates the device.

The spiral antenna has a broad-
band characteristic that matches the
wide frequency range of the negative-
resistance mode of the tunnel diode.
Thus the radiation resistance of the an-
tenna is effectively cancelled by the
tunnel diode, and the transponder has

2

a reflection gain of about 20 dB. The
prototype operates at about 8 GHz,
but could work anywhere above about
500 MHz, depending on antenna size.

Sylvania engineers developed the

WwWWwWWwW.americanradiohistorv.com

new transponder while working on a
research and development contract for
the U.S. Air Force. Still experimental,
the tunnel-diode amplifier is not cur-
rently in production.

TRANSISTORS
INVENTED
21 YEARS AGO

~

On the afternoon of Dec. 23,
1947, a group of men at Bell Tele-
phone Laboratories in Murray Hill,
N.J., watched a demonstration of a
crude device. Made of the element
germanium and a few pieces of wire,
the device (see photo) amplified a
speech signal about 40 times. Thus the
solid-state era was born; the crude de-
vice was the world’s first transistor.

Bell Labs scientists had been in-
terested in the physics of solid-state
material for some time. In 1940 a
modest research effort was begun, but
it was interrupted by World War 1I.
Following the war, a group at Bell
Labs turned full time to semiconductor
research. They concentrated on the
two simplest semiconductors—germa-
nium and silicon. Following one the-
ory, physicist William Shockley pro-
posed a semiconductor amplifier as a
test. The device didn’t work out as
planned, so his colleague, John Bar-
deen, suggested a revision of the the-
ory. During further experiments, Bar-
deen and coworker Walter Brattain
discovered an entirely new physical
phenomenon—the transistor. (It was
so named for transfer resistor.)

The first transistor—a point-con-
tact type—was patented by Bardeen
and Brattain. (Two pieces of pointed
metal make contact with a bar of ger-

(continued on page 44)
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March 1968 « Over 55 Years of Electronics Publishing
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CONSTRUCTION PROJECTS 2
IC Crystal Calibrator ..................... 32 .. Jack Althouse a 8
Much precision with a few parts L¢] e
Intermittent Filament Analyzer ......... ... 37 i Don Anglin O = Oi
When it blinks, you’ve found the trouble . g
VOM Resistance-Scale Divider ............ b PR J. F. Sterner
Split an ohm reading by a factor of 10
How to Use a DE-Q’er .......... e e 45 .. Leonard E. Geisler :
An old trick with a modern twist Modulation Scope Monitor has relatively few parts,
ield Strength Meter .............. ... » E lee is easy to build and lets you see your signal’s wave-
IFET F'elA‘tjA S;reng:h leleter """ a5 Byl i form. Simple, low-cost 100 kHz crystal calibrator,
PHENSIVE and Lilaofe useful for troubleshooting and alignment work, has
Modulation Scope Monitor ............... 54 .. Robert J. Reed 0.00019% accuracy. With the R-Scale Divider you
Help clean the airwaves and improve your signal can check ground connections, switch contacts
and other low-resistance devices.
SERVICING
Inthe Shop...WithjJack ................ 22 ... Jack Darl; ;& z = $I§ %ﬁl@.ﬁ
How to Deal With RF Interference ......... 35 .. ciiia . Tom Jaski g @_W& - :ﬁ
No guarantees, but it should help Q_gg,‘; _%&.- - 3
EEE
pH Meter Repairs Are A Cinch ......... .. 42 ... John W. Dietrich - ‘g'v, .
Keep it clean :
CB Troubleghoo?er’s Casebook ........... . 84 .. Andrew ). Mueller e A
HD! SSC ISP recorder techniques and
. get more mileage out of
AUDIO your tapes. Norelco's
Carry-Corder 150
Tape Recorder Tips and Techniques ....... 60 ... . .. Earl E. Snader 90”33:: g:s;i“:e:gz
; recor
Cet the most out of your sound investment typicallof. the newest
How To Build A Crossover Network . ...... 46 . Max H. Applebaum generation of popular

Nomograph eliminates math work

GENERAL ELECTRONICS

type of battery-operated
units.
See page 60.

MATV-It's Simple ...................... 38 o mipn sy Eric Leslie
Now, a TV set in every room
Digital Computers At Sea ................ §1 .. ClementS. Pepper
Today the world, tomorrow the universe
Bioelectronics and Life ................... 57 .. ... Allen B. Smith
Man amplifiers, eyeball controls, etc.
Battling Bollworms With Ultrasound . ...... 69 James A. Gupton, Jr.
Batlike sounds make “em run for their lives Join the FET set with
Horseflies, Tractors and Mr. Kirchhoff . ... .. 70 .... Wayne Lemons this sensitive field
Vectors count strength meter. You can
. . tune it to a specific
Eqmpment Report: FHeathKiti-neswnmhes oes s 67 frequency and gauge
Solid-State Vom the output of most any
Model IM-25 CB, ham or commercial
transmitter.
See page 48.
DEPARTMENTS
COrreSpONAeNCe .......occovoeveeeeeeeeeeeeriee 4 New Products ..o 75 Noteworthy Circuits .......coooveeeervieo 94
Miss-Q ....... (EANBe A 80  New Test Equipment ... 77  Readers Service Page ... 72
New Literature ..., 79 New Semiconductors and Microcircuits ...... 92 TECHNOIES iyt temes sy tcrips b o 90
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Delta Launches the

COMPUTACH

K An exclusive computer-
tachometer for precise RPM
measurement in easy-to-
build Kit form!

Delta, pioneers in CD ignition who pro-
duced the fabulous MARK TEN®, now offer
a precise computer-tachometer which obso-
letes any type tachometer on the market
today! You achieve unbelievable accuracy
in RPM readings due to the advanced,
solid-state electronic matched components
used in the computer, coupled with the
finest precision meter in the world. In kit
only for all 12V, 8 cyl. cars.

Check these Deltafeatures:
A 0-8000 RPM range

A Perfect linearity — zero paralax
A Adjustable set pointer

A Wide angle needle sweep

A Translucent illuminated diaf

A Chrome plated die-cast housing
A All-angle hall & socket mounting
A Use it with any ignition system
A Meter: 3% dia. X 33" deep
A Kit complete, no extras to huy

Orders shipped promptly.
Satisfaction guaranteed.
Send check today!

-/ DETA PRODUETS

P.0. Box 1147 RE / Grand Junction, Colo. 81501

Enclosed is $_ ] Ship ppd. ] Ship C.0.D.

Please send:

] COMPUTACH® Kits @ $29.95 ppd
(12 VOLT 8 CYLINDER VEHICLES ONLY)

Name
Address
City/State

Circle 9 on reader’s service card
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orrespondence

SOLID-STATE MAN

Keep those good IC articles com-
ing. How about more like the one in
the December 1967 issue, “30 Basic IC
Projects”? Also, keep up the good
work in the New Semiconductors and
Microcircuits column. Can you tell me
where I can get sockets for integrated
circuits? I have checked the local dis-
tributors and several mail-order com-
panies but have drawn only blanks.

JiM PERLBERG
Racine, Wis.

More IC projects are in the works.
Jim, these sockets are available from
the industrial electronic parts distribu-
tors. The mail-order distributors do
have sockets for IC’s listed in their
industrial cata’ogs. Allied has a pack-
age of 5 sockets for TO-5 type IC’s
for $6.70 . . . stock number is 47E-
6080.

DIESEL TRUCK NOISE WANTED

Is there anyone who can supply
me with a tape recording of the sound
of a diesel highway truck, starting
from idle and roaring through the
gears shifting up to full speed? A 5~
reel recorded at 17 or 3% ips is de-
sired.

MIKE RAYMER
Blaine Lake
Sask., Canada

LIKES MILLIVOLT COMMANDER v

Your recent article “Amphenol
Model 870 Millivolt Commander”
(December 1967) is excellent, except
for one error. The maximum dc¢ volt-
age the unit is able to measure is not
100 but 1000. I am amazed at the ac-
curacy of the instrument . .. 2%
any place on the scale, on any dc
range, and within 3% any place on the
scale, on all ac ranges, from 5 Hz to
50 kHz.

E.J. FLYNN

SERVICE DATA NEEDED

Please help me locate an instruc-
tion manual and/or a schematic draw-
ing on a scintillator, Model 117, man-

4 RADIO-ELECTRONICS
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The TRUE electronic solution to a
major problem of engine operation!

DELTA’S FABULOUS

MARK TEN

Only $44.95 ppd.
in easy-to-build Deltakit®
Only $29.95 ppd.

CAPACITIVE DISCHARGE

IGNITION SYSTEM

You've read about The Mark Ten in
Mechanix Illustrated, Popular Mechan-
ics, Electronics and other publications!.

Now discover for yourself the dramatic im-
provement in performance of your car,
camper, jeep, truck, boat — any vehiclef
Delta’s remarkable eIectromc achievement
saves on gas, promotes better acceleration,
gives your car that zip you've always wanted.
Find out why even Detroit has finally come
around. In four years of proven rehability,
Delta’s Mark Ten has set new records of
ignition benefits. No re-wiring! Works on
literally any type of gasoline engine.

Why settle for less when you can buy the
original DELTA Mark Ten, never excelled and
so unique that a US. Patent has been
granted.

READY FOR THESE BENEFITS?

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Tlmes
Longer

A Up to 20% Mileage Increase (saves gas)

LITERATURE SENT BY RETURN MAIL
BETTER YET — ORDER TODAY!

e s e o et S S — ———————

/. \DELTA PRODUCTS w:

Grand Junction, Colo. 81501
| Enclosed is $ [ Shig ppd. [ Ship €.0.D.
| Flease send:

[0 Mark Tens (Deltakit®) @ $29.95

(12 VOLT POSITIVE OR NEGATIVE GROUND ONLY)
[J Mark Tens (Assembled) @ $44.95
[J 6 Voit: Negative Ground only.

[ Positive Ground
O 12 Volt: Specify [ Negative Ground
Make

| P.0. Box 1147 RE -

Car Year.

Name

Address__
City/State___

Circle 10 on reader’s service card
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New design for color
...and all other!

QUICK-CHECKS
MORE COLOR
TV TUBES
WITH

Gm* ACCURACY

*Makes test under actual
set-operating conditions

B&K model 707

DYNAMIC MUTUAL CONDUCTANCE
TUBE TESTER with obsolescence protection

You’re always ahead with B&K. The new “707” gives you the famous B&K
professional tube-testing speed and efficiency —plus the ability to test more
color TV tubes with Gm* accuracy.

Provides multiple-socket section to quick-check most of the TV and radio

Tests: tube types the frue dynamic mufual conductance way*—plus simplified switch
New and old TV and section to check other tube types in Dyna-Jet emission circuit. Also includes
Radio Tubes. Tests provision for future new sockets.

Nuvistors, Novars, You can quickly check all the tubes in the set, detect hard-to-locate weak
10-pin tubes, 12-pin tubes that need replacement . .. sell more tubes, save call-backs, and make
Compactrons, European more profit. Makes test under sel-operating conditions. Checks each section of
Hi-Fi tubes, Voltage multi-section tubes separately. Checks for all shorts, grid emission, leakage, and
Regulators, and Most gas. Makes quick “life” test. Exclusive adjustable grid emission test provides
Industrial types. sensitivity to over 100 megohms. Quickly pays for itself. Net, $18995

See your B&K Distributor or Write for Calalog AP22-R

NEW TUBE INFORMATION SERVICE

Keep your tube tester up-to-date.
Subscribe now to tube information
service, available every 3 months.

B & K DIVISION OF DYNASCAN

1801 W. BELLE PLAINE AVE. ¢« CHICAGO, ILL. 60613

Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont.
Export: Empire Exporters, 123 Grand St.. New York 13, U.S.A.

Circle 11 on reader’s service card
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AEROVOX

HAS EVERY
EXACT
REPLACEMENT
TWIST PRONG AFH
ELECTROLYTIC

Why fool with “jerry-rigged” electrolytics
when there’s an Aerovox exact replace-
ment to give you the right rating and the
right size? Aerovox actually stocks all
twist prong AFH electrolytics—this means
off-the-shelf availability...not “‘we’ll
build it for you if you order it delivery.

Available in singles, doubles, triples and
quads, these popular types are now man-
ufactured in new values for filter bypass
applications in color TV as well as radio,
black and white TV and amplifier equip-
ment. Many values are now being used
for industrial applications.

Aerovox AFH Twist Prong Electrolytics
feature ruggedized prongs and mounting
terminals, high purity aluminum foil con-
struction, improved moisture resistant
seal and 85°C operation. Here is the
quality you need to protect your profes-
sional reputation.

Go to your Aerovox Dis-
tributor for a perfect elec-
trolytic fit—he will deliver
exactly what you want in
less time than it takes
to tell. Ask him for the
new Aerovox Service-
men’'s Catalog #SE-567
or ask us. We'll be happy
to send one your way.

®
ROVOX

AEROVOX

OISTRIBUTOR SALES, NEW BEDFORD, MASS.
Technical Leadership—Manufacturing Excellence
Circle 12 on reader’s service card

CORRESPONDENCE continued

ufactured by Precision Radiation In-

struments, Inc., Los Angeles, Calif.

The instrument is approximately 8 to

10 years old. I have tried to contact

this firm but it is apparently no longer
in business.

RAYMOND A. MOORE

659 Candlestick Way,

San Jose, Calif.

CURE FOR COLOR BLINDNESS

In News Briefs (November 1967)

I read of a cure for color blindness

using an electronic device called Sun-

vister made by Hayakawa of Japan. 1

would appreciate it very much if you

could tell me where 1 could write to
find out more about it.

R. E. PArSONS

Willard, Ohio

Write to Prof. Koichi Honkawa, Ha-
yakawa Electric Co., 22-22 Naguike-
Cho Abeno-Ku, Osaka, Japan.

DISAGREES WITH BALMER

In the November 1967 issue of
R-E you published a letter from a Mr.
D. R. Balmer who wrote that he was
resigning his subscription over disgust
with your editorial policies. T heartily
disagree with his severe action: Your
magazine has far too much technical
data and practical information for me
to follow his example. However, I
don't like excessive use of conversa-
tional form—it greatly obscures the
central and salient information an ar-
ticle is meant to convey. Please return
to the precepts of technical journalism
and follow them rigorously.

M. E. KLOTHE
Midland, Mich.

We ain’t going to make all our writers
cut out all the conversation, but we do
intend to make them follow the pre-
cepts. Some writers are better conver-
sationalists and some writers are just
good engineers and technicians. Our
job is to get the information to span
the gap between writer and reader.

BASIC IC PROJECTS ‘/ D\SD

Your “30 Basic IC Projects”
(January 1968) is an interesting and
helpful article, especially the section
on logic circuits. However, [ believe
Fig. 14 is in error. The circuit is iden-
tical to Fig. 15, but the two are sup-
posed to have opposite functions. It
seems that connection 5 of the right-
hand IC of Fig. 14 should be grounded,

(continued on page 12)
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“For my money,

T

=

the best antenna for Color' TV

is the JFD Color Laser,”...

says Ronnie Morgan of Best Antenna Service, Arlington, Va.

“When we install a JFD Color Laser
or Log Periodic, we know we can
guarantee better color pictures than
the customer ever had before. We
get sharp directivity and high front-
io-back ratios that clean up ghosts.
And the JFD’s wide bandwidth and
flat gain give us good color registra-
tion on all VHF and UHF stations in
the area. JFD's are well constructed
and easy to install...They go up fast
and stay up for good.”

Mr. Morgan (who has been installing
antennas for twenty years and counts
his installations in the hundred of
thousands) does most of his work in
metropolitan areas where that extra
sharp, ghost-chasing directivity is
mighty welcome. His opinion of the
JFD is typical of professional an-

tenna installers from coast to coast.

And it’s only natural because the
Color Laser offers:

[] BRILLIANT COLOR—flat (fre-
quency independent) response
across each channel, free from suck-
outs or roll-offs. Keeps color vivid
and alive.

[ PATENTED W-1-D-E BAND LOG
PERIODIC DESIGN — the most effi-
cient ever developed—provides
higher gain, better signal-to-noise
ratios, needle-sharp directivity.
Eleven patents cover its revolution-
ary space-age design.

[ MORE DRIVEN ELEMENTS. Har-
monically resonant capacitor
coupled design makes dual-function
elements work on both VHF and UHF

JFD ELECTRONICS CO.

15th Avenue at 62nd Street, Brooklyn, N.Y. 11219
JFD International, 64-14 Woodside Ave., Woodside, N.Y. 11377

frequencies. Entire antenna (not just
part of it as in other log periodic
imitations) responds on every chan-
nel.

[ LUSTROUS, ELECTRICALLY
CONDUCTIVE GOLD ALODIZING
promotes signal transfer, protects
against corrosion, enhances appear-
ance:

PROFESSIONAL ANTENNA INSTAL-
LERS KNOW—The Best Antenna for
Color TV is The Color Laser by

Now at your JFD distributor!

JFD Canada, Ltd., Ontario, Canada

JFD de Venezuela, S.A., Avenida Los Haticos 125-97, Maracaibo, Venezuela

LICENSED UNDER ONE OR MORE DF U.S, PATENTS 2.958,081; 2,985.879. 3.011.168;
ELECTRONICS €O. UNDER EXCLUSIVE LICENSE FROM THE UNIVERSITY DF ILLINOIS
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3,108,280 3.150.376: 3.210.767, RE. 25,750 AND ADDITIONAL PATENTS PENDING IN US.A. AND CANADA. PRODUCED BY JFD
FOUNDATION. LICENSED UNDER ONE OR MORE OF U.S. PATENIS 2,955,287 AND 3,015,821 AND ADDITIONAL PATENTS PENDING.
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NRI GIVES YOU THE
RIGHT BALANCE...

... for fast, fdécina:ting
~_ training at home in TV-RADIO,
- COMMUNICATIONS, ELECTRONICS

RADIO-ELECTRON S
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Experience is still your best teacher

Here’s how you get it with NRI
Job-simulated training

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you Elec-
tronics is as much a “*hands on"" profession as dentis-
try or chemistry. That's the way you learn at home with
NRI. You put to work the theory you read in ‘'bite-size"
texts, using designed-for-learning lab equipment you
build with professional components. You introduce
defects into circuits, do experiments, until the ‘‘why"'
of circuitry and equipment operation comes clear
through demonstration. You gain experience with
transistors and solid-state designs as well as conven-
tional tube circuits.

NRI lab equipment is designed and engineered from
chassis up for education through practical experience
— not for entertainment. The fact that the end results
of your projects are usable, quality products is a per-
sonal bonus for you. Everything about NRI training has
but one ultimate goal — to make you employable in
your chosen field of Electronics by preparing you to
prove your practical understanding of actual equip-
ment; by giving you the equivalent of months, even
years, of on-the-job training. There is no end of oppor-

Over 50 Years of Leadership

tunity for the trained man in Electronics. You can earn
extra money in your spare time, have your own full-
time business, or qualify quickly for career positions
in business, industry, government. Discover for your-
self the ease and excitement of NRI training. Mail the
postage-free card today for the new NRI Color Catalog.
No obligation. No salesman will call. NATIONAL RADIO
INSTITUTE, Electronics Div,, Washington, D.C. 20016.

NRI has trained thousands

& L. V. Lynch, Louis- & G. L. Roberts, Cham-

ville, Ky., was a . paign, lll., is Senior
factory worker with § | Technician at the U.
American Tobacco of Illinois Coordi-

Co., now he's an Elec-
tronics Technician
* with the same firm.
He says, “! don't see how the NRI
way of teaching could be im-
proved.”

nated Science Labo-
ratory. In two years
he received five pay
raises. Says Roberts, “l attribute
my present position to NRI train-
ing.”

Ronald L. Ritter of
Eatontown, N.J., re-
& ceived a promotion
"8 before even finishing
! the NRI Communica-
ly tions course, after

hlghest grades in Army proficiency

scoring one of the #

i Don House, Lubbock,
Tex., went into his
own Servicing busi-
" ness six months after
& completing NRI train-
f ing. This former

- W clothes salesman just
bought a new house and reports,

tasts. He works with the U. S. Army
Electronics Lab, Ft. Monmouth, N.J.

“l look forward to making twice as
much money as | would have in my

“Through NRI, | know | can handle former work.”

a job of responsibility.”

APPROVED UNDER NEW GI BILL. If you served since January 31,
1955, or are in service, check Gl line on postage-free card.

Accredited by the Accrediting Commission of the National Home Study Council

in Electronics Training

Everything you see here is included in one typical NRI
home study course. Other courses are equally com-
plete. Your training starts with the NRI Achievement

It contains the first of
texts which are programmed with

Kit, sent the day you enroll.
your “‘bite-size”

MARCH 1968

designed-for-learning professional lab equipment.
Step-by-step, you learn with your hands as well as your
head. You discover the “‘why’” of circuitry as you ac-
quire the professional’s most valuable tool — practical
experience in Electronics.
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non-drift tuner
cleaner

specifically
formulated <
by [S<] for,
color TV
tuners

CONTAINS
i\ swiLinOTHART B
e *
"t :g:v‘(\;"‘ [

CATALOG No. 8883
Suggested Net $1.95

Only SPRA-LUBE safely cleans away all oxidation, dust and
dirt, dries quicker, will not harm plastics, and leaves a
fine, light protective lubricating coating essential to keep-
ing color tuners in peak operating condition. Often imi-
tated, never duplicated ... SPRA-LUBE s the one proven
cleaner-lubricant for all color TV tuners, the only product
in its field carrying the proud GC label, your assurance of
quality in electronic chemicals.

Always insist on (G&] . - -

you'll get more for your money, everytime!

GC ELECTRONICS ¢ >
A DIVISION OF HYDROMETALS, INC.

c ] MAIN PLANT: RDCKFORD.ILLUS.A

ELECTRONICS

Giant FREE Catalog...

Only GC gives you everything in electronics
... has for almost 40 years. Match every
part and service need from over 10,000
quality items. Write for your copy today!

Circle 14 on reader’s service card
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CORRESPONDENCE
(continued from page 6)

has
everything
n
CHEMICALS

TUNERLUB g
For quiet TV tuner
operation.

Cat. No. 26-01-§ |
1% oz. Tube |
Suggested Net .99¢

heat sink compound
Cat. No. 8109 . ..
1-0z. Tube

|
§

!

i

1
DC-29 Silicone |l
Suggested Net $2.39 '

| L

EPOXY GLUE
*Super Grip” ... NASA
Approved Cat. No. 347

... 2:Tube Kit
| Suggested Net $2.50

wWww.americanradiohistorv.com

6 should be disconnected and 7 should
be the output. This article has whetted
my appetite for some articles on com-
puter logic, memory systems, etc. Are
any planned?
BroTHER M. HENRY BoLaND, F.S.C.
Saint Paul’s
Covington, La.

. . . The article “Basic IC Projects”
by Mr. R. M. Marston is one of the
finest your magazine has produced. It
is timely, educational, useful and ex-
tremely well executed. As a technical
writer who has contributed many ar-
ticles to you and to your competitors,
naturally I am a little miffed that Mr.
Marston managed to scoop me on this
project, but more power to him and to
Rab1o-ELECTRONICS. You are doing a
great job with material like this—keep
up the good work.
JAMES [. RANDALL
Baltimore, Md.

Lost, one Fig. 14, or who needs an
extra Fig. 15. So, scratch the original
Fig. 14 and use the one you suggested,
as shown in Miss-Q, in this issue. Broth-
er Henry, “He that increaseth knowl-
edge increaseth sorrow, and the man
that worketh on this article repenteth.”
We think you will be pleased with a
forthcoming series of articles on com-
puters and that your appetite will be

appeased.
2 P S0

James, it takes a good guy to give cred-
it 10 another good guy. So do what
you can to keep Brother Henry and the
rest of our readers who are hungry for
more electronics know-how happy.

FET's AND IC’'s

How about some articles on audio
preamplifier design using FET’s and
IC’s and an explanation of the neces-
sary equalization for tape, phono, and
FM. Also, some circuits on tape-re-
cording amplifiers would be appreci-
ated.

Paur D. KoEHN
Irving, Tex.

PROGRAMED TEXT ON TRANSISTORS

I am looking for a self-instruc-
tional programed teaching course, in
book form, on transistor theory and
utilization. I prefer a book format using
the Teaching Machine approach. As an
example of what I am looking for, re-

(continued on page 16)
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SAVE VALUABLE SERVICING TIME
TEST ALL TRANSISTORS

IN CIRCUIT

IT REALLY WORKS! _

AND FOR ONLY
$64.50 -
LOWEST PRICE GOING

You’re wasting time using those old-fashioned meth-
ods—measuring voltages and tedious unsoldering
and soldering transistors back in the circuit. You’re
way ahead with the new TR15A In-Circuit transistor
tester. It takes only seconds . . . and it works
every time.

Take it from the technicians who already know—
Sencore In-Circuit Transistor Testers are the ones
that really work. With either the new Compact
TR15A or the Deluxe TR139 you can check any
transistor, diode or rectifier without disconnecting
a single lead. Right in the circuit. In seconds. And
get truly accurate readings.

True Beta Measurements. Ratio of signal in to
signal out. Just set the CAL knob, press the beta
test button, and read the actual AC gain on the
meter. Range, 2 to infinity.

Icho Measurements. Read the exact leakage cur-
rent (lcbo) right on the meter. Range, 0 to 5000
microamps.

Ask your distributor for the ORIGINAL IN-CIRCUIT TRANSISTOR TESTERS

SENCORE

NO. 1 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101

"zt . )

Out-of-Circuit Tests. Same test procedure. Out-of-
circuit, transistors may be sorted, selected and
matched for specified values of beta and Icbo.

Complete Protection. Can't damage the transistor,
circuit or instrument, even if leads are incorrectly
connected. Special circuitry protects all parts.

No Set-up Book needed. So simple, even unknown
transistors can be checked. PNP and NPN types
determined at the flick of a switch.

All Steel Case. Vinyl covered, with brushed chrome
panel. Easy-to-read 4Y2” meter.

DELUXE TR139 —Same basic circuitry as TRTS5A.
Larger 6" meter.
Howard W. Sam’s tran-
sistor reference
manvual included ...

Circle 15 on reader’s service card
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11 New Kits From Heath. ..

New Deluxe Heathkit “22%7’ Color TV

Exclusive Heathkit Self-Servicing Features. Like the famous Heathkit
©295” and 180" color TV’s, the new Heathkit “227” features a built-in
dot generator plus full color photos and simple instructions so you can
set-up, converge and maintain the best color pictures at all times. Add to
this the detailed trouble-shooting charts in the manual, and you put an end
to costly TV service calls for periodic picture convergence and minor repairs.
No other brand of color TV has this money-saving self-servicing feature.

Advanced Features. Top quality American brand color tube . . . 227 sq. in.
rectangular viewing area . .. 24,000 v. regulated picture power . . . improved
phosphors for brilliant, livelier colors . . . new improved low voltage power
supply with boosted B+ for best operation . . . automatic degaussing . . .
exclusive Heath Magna-Shield to protect against stray magnetic fields and
maintain color purity . . . ACC and AGC to reduce color fade and insure
steady, flutter-free pictures under all conditions . . . preassembled & aligned
IF with 3 stages instead of the usual 2 . . . preassembled & aligned 2-speed
transistor UHF tuner . . . deluxe VHF turret tuner with “memory”’ fine
tuning . . . 300 & 75 ohm VHF antenna inputs . . . two hi-fi sound outputs
... 4 x 6” 8 ohm speaker . . . choice of installation — wall, custom or
optional Heath factory assembled cabinets. Build in 25 hours.

Kit GR-227, (everything except cabinet)...114 Ibs....$42 dn.,
aslowas$25mo.. . ... ... $419.95
GRA-227-1, Walnut cabinet 54 Ibs. no money dn., $6 mo.. . $59.95

GRA-227-2, Mediterranean Oak cabinet (shown above) 70 Ibs.
. nomoneydn., $10mo..........

Kit GR-295

$479.95

{less cabinet)
$42 mo.

Deluxe Heathkit “295” Color TV

Color TV’s largest picture . . . 295 sq. in. viewing area. Same features
and built-in servicing facilities as new GR-227. Universal main control
panel for versatile in-wall installation. 6” x 9” speaker.

Kit GR-295, (everything except cabinet), 131 Ibs.. ..

$48dn., $42 mO.. ... $479.95
GRA-295-4, Mediterranean cabinet (shown above), 90 Ibs.. ..
N0 money dn., $11 MO, wiiedl- enoninos adunens:is vuil v5n $112.50

Other cabinets from $62.95.

Kit GR-227

$419.95

i

Kit GRA-27

$19.95

(less cabinet)
$25 mo.

New Remote Control
For Heathkit Color TV

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

Kit GR-180

$359.95

(less cabinet
cart
$22 mo.

Deluxe Heathkit “180” Color TV

Same high performance features and exclusive self-servicing facilities
as new GR-227 (above) except for 180 sq. in. viewing area.

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

$36dn.,aslowas$22mo................co0orino ... $359.95
GRS-180-5, table model cabinet & mobile cart (shown
above), 57 Ibs.. ..nomoneydn., $5mMo.................. $39.95

Other cabinets from $24.95.

New! Heathkit Crystal-Controlled
Post Marker Generator

= Kit 1G-14

$99.95

$10 mo.

Fast, accurate color TV and FM alignment at the touch of a switch!
15 crystal-controlled marker frequencies. Select picture and sound IF’s,
color bandpass and trap freqs., 6 dB points, FM IF cente: freq. and 100
kHz points. Use up to six markers simultancously. Birdie-type markers.
Trace and marker amplitude controls permit using regular *scope. 400
Hz modulator. Variable bias supply. Input and output connectors for
use with any sweep gencrator. Also has external marker input. BNC
conncctors. Solid-state circuit uses 22 transistors, 4 diodes. Two circuit
boards. Handsome new Heathkit instrument styling of beige and black
in stackable design. Until now, an instrument of this capability cost
hundreds of dollars more. Order your IG-14 now, it’s the best invest-
ment in alignment facilitics you can make.

Kit 1G-14, 8 Ibs.,, no money dn., $10mo............... $99.95

14

New! Low Cost Heathkit
5 MHz 3" Scope

f,’ AN e
e g
¥

Kit 10-17

$79.95

Here is the wideband response, extra
sensitivity and utility you need, all
at low cost. The Heathkit I0-17 fea-
tures vertical response of 5 Hz to 5 -
MHz; 30 mv Pecak-to-Peak sensitiv- ¢ L i
ity; vertical gain control with pull- 1o T
out X50 attenuator; front panel 1 | Q“'
volt Pecak-to-Peak reference voltage; - i [N
horizontal sweep from internal gen- ] g

erator, 60 Hz line, or cxternal 929;,:)_@” .
source; wide range automatic sync; o e
plastic graticle with 4 major vertical

divisions & 6 major horizontal; front mounted controls; completely
nickel-alloy shielded 37 CRT; solid-state high & low voltage power sup-
plies for 115/230 VAC, 50-60 Hz; Zener diode regulators minimize trace
bounce from line voltage variations; new professional Heath instrument
styling with removable cabinet shells; beige & black color; just 9%” H.
X 5%7 W. x 14%:” L.; circuit board construction, shipping wt. 17 lbs.

-

RADIO-ELECTRONICS
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See 300 More in FREE Catalog

New! Heathkit /Kraft 5-Channel Digital
Proportional System with Variable
Capacitor Servos

System Kit GD-47

$219.95

$21 mo.

This Heathkit version of the internationally famous Kraft system saves
you over $200. The system includes solid-state transmitter with built-in
charger and rechargeable battery, solid-state receiver, receiver recharge-
able battery, four variable capacitor servos, and all cables. Servos
feature scaled variable capacitor feedback to climinate failure due to
dirty contacts, vibration, ctc.; threc outputs: two lincar shafts travel
%” In sumultancous opposite directions plus rotary wheel. Specify
freq.: 26.995, 27.045, 27.145, 27.195 MHz.

System Kit GD-47, ail of above, 51bs.. .. ..........$219.95
Kit GDA-47-1, transmitter, battery, cable, 3 Ibs......... $86.50
Kit GDA-47-2, receiver, 31bS.......oovvviiin .. $49.95
GDA-47-3, receiver rechargeable battery, 1 1b............. $9.95
Kit GDA-47-4,0neservoonly, 1tb..................... $21.50

World’s Most Advanced Stereo Receiver

Kit AR-15

$329.95

(less cabinet)
$28 mo.

Acclaimed by owners & experts for features like integrated circuits &
crystal filters in IF amplifier; FET FM tuner; 150 watts music power;
AM/FM and FM sterco; positive circuit protection; all-silicon tran-
sistors; “‘black magic’’ panel lighting; and more. Wrap-around walnut
cabinet $19.95.

Kit AR-15 (less cab.), 34 [bs.. .. $33dn., $28 mo....... $329.95

Assembled ARW-15, (less cab.), 34 Ibs....$50 dn.,

S48 MOt e ettt e e e $499.50
New! Solid-State Portable

So Handy, So Low Cost we call Volt-Ohm-Meter

1

it “‘every man’s” meter. Just
right for homeowners, hobby-
ists, boatowners, CBer’s, hams
..it’seven sophisticated enough
for radio & TV servicing! Fea-
tures 12 ranges . . .4 AC & 4DC Kit IM-17 T
volt ranges, 4 ohm ranges; 11 $1 9 95 !
megohm input on DC, | meg- T
ohm input on AC; 4%” 200 uA
meter; battery power; rugged
polypropylene case and more.
Easy 3 or 4 hour kit assembly.

1 HEATHKIT 1968

;J

FREE 1968
CATALOG! |

Now with more kits, more color.
Fully describes these along with
over 300 kits for stereo/hi-fi, I
color TV, electronic organs, efec- Name

What would you expect to pay for a Vox
“Jaguar” Combo organ with a 180-watt
3-channel amp?
$1000? $12507?
More?

$15007?

Kit TOS-1
Organ, Amplifier
& Speaker Kits
(240 Ibs.)

$598.00

Kit TOS-2
Organ Kit,
Assembled
Amplifier &
Speaker (240 Ibs.)

$698.00

You can get both for only $598
during this Special Heathkit Offer!

Now you can get this famous professional combo organ with a versatile
high-power piggy-back amp. and matching speaker system for just a
little more than you’d expect to pay for the “‘Jaguar” alone! The Heath-
kit/Vox “Jaguar” is solid-state; two outputs for mixed or separated
bass and treble; reversible bass keys for full 49 key range or separate
bass notes; bass volume control; vibrato tab; bass chord tab; four voice
tabs (flute, bright, brass, mcllow); keyboard range Cp to Cg in four
octaves; factory assembled keyboard, organ case with cover, and stand
with case. Also available scparately; you'll still save' $150 (order Kit
TO-68, $349.95).

The Heathkit TA-17 Deluxe Super-Power Amplifier & Speaker has 180
watts pecak power into one speaker (240 watts peak into a pair); 3-chan-
nels with 2 inputs cach; “fuzz”, brightness switch; bass boost; tremolo,
reverb; complete controls for each channel; foot switch; 2 heavy duty
12” speakers plus horn driver. Also available separately kit or factory
assembled (Kit Amplifier TA-17, $175; Assembled $275; Kit Speaker
TA-17-1 $120; Assembled $150; Kit TAS-17-2, amp. & two speakers
$395; Assembled TAW-17-2, amp. & two speakers $545).

New!

Heath /Mitchell

COLORVAL Dark-

room Computor. ..

Kit or Assembled
Kit PM-17

$89.95

$9 mo.

Colorval takes the work out of color printing, leaves the creativity to
you. Colorval is casy to set up . . . you “‘program” the scan filter pack
for the type of film, paper, and equipment you use. . . we show you how.
Unique Color Probe allows visual determination of ideal enlarger filter
combination. Color Wheel and table shows what filter changes are
needed. Exposure Probe scans shadows and highlights; exposure scale
on Computer indicates proper contrast for color and b/w printing. Get
started in color the right way, quickly, casily.

Kit PM-17, 6 Ibs., no money dn, $9 mo............... $89.95
Assembled PMW-17, 6 |bs.. .no money dn., $13 mo...$125 00

————————— B rim AT TSR

THEATH COMPANY, Dept. 20-3

NEW l Benton Harbor, Michigan 49022
In Canada, Daystrom Ltd.

__, including shipping.

l [1 Enclosed is §
Please send model (s)

| [] Please send Credit Application.

tric guitar & amplifier, amateur

|
|
|
|
|
| [] Please send FREE Heathkit Catalog. I
|
|
|
|
|

\ ﬁ E radio, marine, educational, CB, I Address
- A . home & hobby. Mail coupon or i
) Ty write Heath Company, Benton | City State Zip
Harbor, Michigan 43022. | Prices & specifications subject to change without notice. CL-318
N B e e i —— e N e
MARCH 1968 Circle 16 on reader’s service card 15
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Every tape recorder owner
needs EDITa/
the professional way to edit tape.

(s veeenns | MOSE tape enthusiasts know that good tapes are made better by
EDITa// | editing. And the best way to edit tapes is with the EDITall Splice
;:rcﬁ.zév;c;':ﬁ Block and EDITabs.

i Only the patented EDITall Splice Block holds the tape where you
want it, has dovetailed shoulders to keep the tape in the groove,
and the shaped groove to insure a tight splice. With the EDITall
Splice Block you can edit all tapes, regardliess of thickness.
Splices made with the EDITall system are better for your tape
recorder, cause less wear to the tape heads.

The EDITall KP-2 kit gets you off to a good start for only $3.50.

It includes th% EDITall block, 30 EDITab splicing tapes, demag-

netized razor blade, instructions, grease pencil, etc. Get it at your

hi-fi dealer, or order direct. ELPA MARKETING INDUSTRIES, INC.,

NEW HYDE PARK, N. Y. 11040

EDITa// splicing blocks EDIfab’ splices

e
% - A 2
%, z &
2 S
g {2 Q\e EXHIBITS
Y N NEW, YORK
'?95»‘,@' e o S 0b COLISEUM
Ty TR Lo
S //9334‘,«6’

T

i
£
FDy
" _PROGRESS IN
L o
LR 4 .

2l o 0, TECHNICAL
‘\v&;‘ o e, e . SESSIONS
SV & ey, oy NEW YORK
&S Zz & Yo, HILTON
©
o
8%

e REGISTRATION—Good all days—
General Sessions and exhibits, In
and out privileges.—IEEE Members
$3.00. Non-members $6.00. Ladies

48 GENERAL SESSIONS at the New
York Hilton. Hours: 10:00-12:30;
2:00-4:30.

FOUR FLOORS OF EXHIBITS at the
N. Y. Coliseum including over 750
firms. Hours: 10 a.m.-8 p.m. 4 Days.

GALA ANNUAL BANQUET—Wednes-

day 7:15 p.m. N. Y. Hilton Grand
Ballroom—$16.00.

FREE SHUTTLE BUSSES between
the Hilton and the Coliseum-—every
few minutes.

N

$1.00. High School Students $3.00 if
accompanied by an adult—One stu-
dent per adult; Thursday only—
limit of 3 students per adult.
REG-IDENT CARD speeds request
for exhibitors' literature. Ask for
one when registering.
ESCALATORS/EXPRESS ELEVATORS
to the Fourth Floor.

&) |EEE Extibition MARCH 18-21,1968
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CORRESPONDENCE
(continued from page 12)

fer to Binary Logic published by Mc-
Graw-Hill.

I want to offer this educational
help to my employees in a manner that
is basic and easy to grasp. Please ad-
vise me of any such publication that
you may have available, and all par-
ticulars concerning it.

C. L. WoLF
Avco Corp.
Cincinnati, Ohio

Try Fundamentals of Transistors, a
programed text by RCA Service Co.,
published by Prentice-Hall, Englewood
Cliffs, N. I.

IEEE MEMBERSHIP

Where can I obtain an application
for membership in the Institute of Elec-
trical and Electronics Engineers?

GENE CERASUOLO
Immokalee, Fla.

Gene, write to IEEE, 345 E. 47 St.
New York, N. Y. 10017.

TREASURE FINDER

I built the treasure finder of
Charles D. Rakes which you had in
the November 1967 issue and it works
very well. Although I haven’t made any
important finds as yet, I am quite
pleased with its operation. In building
the circuit, I did, however, find it eas-
ier to adjust by adding a 0.9-pF to
7.0-pF capacitor trimmer across the
crystal to broaden its bandwidth slight-
ly. Also I built mine on a printed cir-
cuit board and am using a FT-241 sur-
plus 2-MHz crystal along with 2N2926
transistors.

V. C. BRISBANE
Philadelphia, Pa.

%
/
I am trying to put together the
metal locator described in “Build a
Treasure Finder” (November 1967).
I have found all the parts in the Akron
area except the 1000-kHz crystal. None
of the 10 places where I buy parts has
this crystal. Please tell me where I can
buy a 1000-kHz crystal.
H. O. FRANKLIN
Cuyahoga Falls, Ohio

\

Try International Crystal Mfg. Co.,
Inc., 10 North Lee, Oklahoma City,
Okla., 63102 R-E
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www.americanradiohistory.com

The cool new*C.’
It has morelife.

When the horizontal deflection
tube in a color TV set goes dead,
chances are you've been replacing it
with our 6] E6-A.

(You learn by hard experience
what’s best. Who needs callbacks?)

But thisdoesn’t mean that what's
best can’t be made even better. At
least it doesn’t to Sylvania electronic
engineers.

That’s the reason for our third-

MARCH 1968

generation 6] E6-C. (We skipped “B” cooler and has longer life.
altogether.) And it still costs the same as the

The **C”’ is the new workhorse of “A”.
color television.

We’ve given the plate wings.

It’s been so designed that it acts
as a superior heat sink. It holds
more heat. Radiates it out from
a larger surface. Dissipates it
more quickly.

The new tube runs

It should mean fewer replace-
ment calls.
Try the “C” and see.

SYLVANIA

GENERAL TELEPHONE & ELECTRONICS

Big plate fins absorb
heat and radiate it
out of the tube.

Circle 18 on reader’s service card
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SOMEONE SHOULD DEVELOP AN EASY WAY
TO LEARN ELECTRONICS AT HOME

RCA INSTITUTES DID!

Here is a whole new approach to learning L
electronics at home! RCA Institutes, ‘ )
one of the nations’ largest schools devoted
to electronics, has developed a faster,
easier way for you to gain the skills and

the knowledge you need for the career

of your choice. Here for the first time, is a
student-proved, scientifically designed way
to learn. If you have had any doubts in

the past about home training in electronics
—if you have hesitated because you thought
_you might not be able to keep up—or that
electronics was too complicated to learn—
here is your answer! Read how

RCA Institutes has revolutionized

its entire home training ideas!

18 RADIO-ELECTRONICS
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NEW CAREER PROGRAMS
BEGIN WITH “AUTOTEXT" INSTRUCTION METHOD!

Start to learn the field of your choice immediately!

No previous training or experience in electronics needed!

With this new revolutionized method of
home training you pick the career of
your choice—and RCA Institutes trains
you for it. RCA’s Career Programs assure
you that everything you learn will help
you go directly to the field that you have
chosen! No wasted time learning things
you'll never use on the job! The Career
Program you choose is especially de-
signed to get you into that career in the
fastest, easiest possible way!

And each Career Program starts with
the amazing “AUTOTEXT"” Programmed
Instruction Method—the new, faster way
tolearn that's almost automatic! “AUTO-
TEXT" helps even those who have had
trouble with conventional home training
methods in the past. This is the ‘‘Space
Age’’ way to learn everything you need
to know with the least amount of time
and effort.

CHOOSE A CAREER PROGRAM NOW
Your next stop may be the job of your
choice. Each one of these RCA Institutes
Career Programs is a complete unit. It
contains the know-how you need to step
into a profitable career. Here are the
names of the programs and the kinds of
jobs they train you for. Which one is
for you?

Television Servicing. Prepares you for a
career as a TV Technician/Serviceman;
Master Antenna Systems Technician; TV
Laboratory Technician; Educational TV
Technician.

FCC License Preparation. For those who
want to become TV Station Engineers,
Communications Laboratory Techni-
cians, or Field Engineers.

Automation Electronics. Gets you ready
to be an Automation Electronics Tech-
nician; Manufacturer’'s Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Tech-
nician; Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Electronics Techni-
cian; Industrial Electronics Technician;
Industrial Laboratory Technician.
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Telecommunications. For a job as TV Sta-
tion Engineer, Mobile Communications
Technician, Marine Radio Technician.
Industrial Electronics. For jobs as In-
dustrial Electronics Technicians; Field
Engineers; Maintenance Technicians; In-
dustrial Laboratory Technicians.
Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Lab-
oratory Technicians; Industrial Electron-
ics Technicians.

Solid State Electronics. Become a spe-
cialist in the Semiconductor Field.
Electronics Drafting. Junior Draftsman,
Junior Technical lllustrator; Parts In-
spector; Design Draftsman Trainee
Chartist.

SEPARATE COURSES

In addition, in order to meet specific
needs, RCA Institutes offers a wide va-
riety of separate courses which may be
taken independently of the Career Pro-
grams, on all subjects from Electronics
Fundamentals to Computer Program-
ming. Complete information will be sent
with your other materials.

LIBERAL TUITION PLAN

RCA offers you a unique Liberal Tuition
Plan—your most economical way to
learn. You pay for lessons only as you
order them. No long term contracts. If
you wish to stop your training for any
reason, you may do so and not owe one
cent until you resume the course.

VALUABLE EQUIPMENT

You receive valuable equipment to keep
and use on the job—and you never have
to take apart one piece to build another.
New — Programmed Electronics Bread-
board. You now will receive a scien-
tifically. programmed electronic bread-

Accredited Member
National Home Study Council

www americanradiohistorv com

board with your study material. This
breadboard provides limitless experi-
mentation with basic electrical and elec-
tronic circuits involving vacuum tubes
and transistors and includes the con-
struction of a working signal generator
and superheterodyne AM Receiver.

Bonus From RCA—Multimeter and
Oscilloscope Kits. At no additional cost,
you will receive with every RCA [nstitutes
Career Program the instruments and kit
material you need to build a multimeter
and oscilloscope. The inclusion of both
these kits is an RCA extra.

CLASSROOM TRAINING

ALSO AVAILABLE

RCA Institutes maintains one of the larg-
est schools of its kind in New York City
where classroom and laboratory train-
ing is available in day or evening ses-
sions. You may be admitted without any
previous technical training; preparatory
courses are available if you haven't com-
pleted high school. Coeducational class-
es start four times a year.

JOB PLACEMENT SERVICE, TOO!
Companies like IBM, Bell Telephone
Labs, GE, RCA, Xerox, Honeywell, Grum-
man, Westinghouse, and major Radio
and TV Networks have regularly em-
ployed graduates through RCA Institutes’
own placement service.

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, NO OB-
LIGATION. NO SALESMAN WILL CALL.

ALL RCA INSTITUTES COURSES
AVAILABLE UNDER NEW Gi BILL.

RCA INSTITUTES, Inc., Dept. RE-38

320 West 31st St, New York, N.Y. 10001
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One of a series of brief discussions
by Electro-Voice engineers

T00 MUCH
OF A GOOD

THING

JOHN R. GILLIOM
Chief Engineer,
Loudspeakers

Traditionally, high magnet weight has been used
as one indication of speaker quality, Large mag-
nets offer high high electrical
damping, both important factors in conventional

sensitivity and

speaker system designs. There is one case how-
ever, where heavy magnets may not provide im-
proved performance, and in some cases may con-
tribute to poor sound quality.

The exception to the general rule is the compact
speaker woofer. Excessive magnet size may offer
excellent mid-range efliciency, but at the expense
of hass rolloff above resonance due to overdamping.
Since insufficient magnet allows underdamping
with its typical “one note” bass, it follows that
magnet size must hbe chosen with great care. There
are three desizn controls that can be applied to
compact woofer damping: acoustical, mechanical,
and electrical. Included in the acoustical control
is cabinet size and porting, interior padding or
filling, and (usually undesirable) air pumping in
and out of cavities in the air ¢ap and magnet struc-
ture. Mechanical damping can be achieved by
varying suspension resistance using different spider
and surround materials., plus the use of damping
compound. Electrical damping can be controlled
by magnet size and structure efliciency as well as

voice coil design.

In a series of exhaustive experiments involving
tone burst tests, response measurements and listen-
ing panels, Electro-Voice determined that to opti-
mize hass efficiency with linear response, acousti-
cal and mechanical damping resistances must be
reduced to a practical minimum. Magnet size can
then be selected to achieve optimum balance be-
tween bass and treble response.

The actual magnet size will varv with a number of
factors, including overall magnetic system efficien-
cy and total moving mass. Except in cases of ex-
cessive cone mass, poor magnetic design, or low
acoustical/mechanical damping, there is a limit
to magnet size if ideal hass response is to be main-
tained. In fact, an unusually large woofer magnet
may imply design weaknesses in other parts of the
speaker.

For this reason it is felt wise to depend on other
specifications than magnet size when judging the
In the
final analysis, careful listening may prove most

quality of any compact speaker system.

productive. In any event the development of the
small sealed system has—in many ways—upset the
traditional criteria for judgment of speaker system
design.

For technical data on any E-V product, write:
ELECTRO-VOICE, INC., Dept. 383E,
613 Cecil St., Buchanan, Michigan 49107

EleilhoYores

A SUBSIDIARY OF GULTON INDUSTRIES, INC.

\/,

In the Shop .

G 2w an] f .

.. With Jack

By JACK DARR

WHAT ARE MICROVOLTS PER METER?

THAT WAS THE QUESTION. THE READ-
er who wrote in was confused. After
looking through my reference library,
I was too. I found three or four ways
of figuring «V/m, including one in a
very old book which said it meant “the
number of meters an antenna is mount-
ed above the ground.” Outside of some
very specialized books, there is very
little about pV/m in “the literature.”
So, here’s a digest of what I dug up.

The basic expression, microvolts
per meter, is used in figuring the ficld
strength of an rf signal. What it means
is the number of rf microvolts which
will appear across a piece of wire ex-
actly 1.0 meter (39.37”) long (Fig. 1).
For this definition, the wire is sus-
pended in free space in a radio-fre-
quency field, in a position exactly at
right angles to the line toward the
transmitter, and with the same polari-
zation.

XMITTING ANT EXACTLY AT RIGHT-
(VERTICALLY ANGLE TO DIRECTION
POLARIZED {‘OF XMITTER
1t
RF SIGNAL X MICROVOLTS
IMETER
OF WRE | —Y—

Now let's see what all this means,
in practical work. Also, let’s clear up a
few popular misconceptions. I ought
to know about these; I've been using
them for years!

1. The height of the antenna wire
above (earth) ground has nothing to
do with the definition. (I know—the
higher an antenna the more signal it
picks up. But that’s a different mat-
ter.) The expression is an indication of
the rf field or voltage at the point
where the wire is.

2. Frequency also has nothing to
do with this definition, except in the
case of a resonant wire. Because the
wavelength of 300 MHz is | meter
long, the signal frequency must nor be
300 MHz or any multiple or sub-multi-
ple of it. If the wire is resonant, the
reading has a different meaning

22
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This column is for vour service
problems—TV, radio, audio or general
and industrial electronics. We answer
all questions individually by mail, free
of charge, and the more interesting
ones will be printed here.

If you’re really stuck, write us.
We'll do our best to help vou. Don’t
forget to enclose a stamped, self-ad-
dressed envelope. Write: Service Edi-
tor, Radio-Electronics, 200 Park Ave.
S., New York 10003.

(wV/A). The quantity xV/m is a stan-
dard unit used to indicate the energy
that an antenna will intercept in a ra-
diated-energy field at any frequency.

3. Polarization of the transmit-
ting and receiving antennas must be in
the same plane; if one is vertical, the
other should be, too. Usually, this is
the configuration for maximum energy
pickup. TV signals (in the US and
Canada) are horizontally polarized,
and so are the receiving antennas. (In
Great Britain, they’re vertical.) CB
signals are almost all vertically polar-
ized, although there’s no law that says
they have to be. It is easier for mobile
units to use vertical whip antennas
and for fixed stations to obtain omni-
directional coverage. So far as trans-
mitting range goes, there isn’t any ap-
preciable difference between the two.

In the same letter, the reader
asked about the very rapid dropoff in
the signal ecnergy as you go away from
the transmitter. Let’s see why this hap-
pens.

The transmitted field

Rf signals travel at the speed of
light—300,000 meters per second.
Let’s turn on a transmitter and feed
one very sharp pulse of encrgy to it.
(This is one of those “ideal” antennas.
I can use it if T want to; it’s my an-
tenna!) Fig. 2 shows what happens.
1/300,000 second later, the rf energy
radiating from the antenna has gone
off in all directions (above the ground
surface), and the resulting energy is in
the shape of a hemisphere, with a ra-
dius of ! meter, at (a). This is often
called a shell, or wavefront. My ideal

RADIO-ELECTRONICS
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G/L ELECTRONICS BOOK CLUB INVITES YOU AS PART OF TRIAL MEMBERSHIP TO

Take Any Three for only 99+ each!

PROBES . wew i suikome © TEST INSTRUMENTS
FOR TEST INUSTRIAL s eictmmens” ELECTRONG  FOR\ELECTRONICS
INSTRUMENTS ; E= ENGINEERING -
) MEASUREMENTS L —
e g FILEBOOK Fivemr)

"o e v Tim

Handbook for Elec- Probes for Test In- Industrial Electronics New Skill-Building Electronic Engineer- Test Instruments for TV  Troubleshooter’s Ten-Minut

h g T c ()
tronic engineers — struments — Shows Made Easy — Crystal- Transistor Projects & ing Measurements Electronics — Shows Handhook — Care- Techniquel; for Eﬁz'
Huge encyclopedia how to use probes for clear data on opera- Experiments — Learn Filebook — A single how to get the most fully-planned refer- tronics Servicing —

packed with elec- quicker, more accu- tion and maintenance about transistors by source of measure- out of your test ence source of over Brand new practical

tronics information. rate testing and serv- of all types of indus- actually doing things ment principles and equipment; how to 350 different i i

Hundreds gfdlagrams icing.  Fully illus- trial equipment. 228 with them. Scores of practices; gver 60 modipfy, improve, and and tested nséluttirt;?\g ch«dbﬂzﬁbledeizm::;

and drawings. Over trated. 224 pps. List pps. List Price $5.95. projects. 192 pps. complete ‘‘How to make it do more than to B&W and Color piece of electronic

400 pps. List price Price $4.60. No. No. G-99. List Price $4.95. No. Measure’’ sections. designed to do. 192 ‘‘tough dogs’’. 192 equipment can be

$16.00. No. G-29. G-54. G-129. Newly revised. 256 pps. List Price $4.95. pps. List Price $6.95. pinpointed quickly
I&DS. TLi:tai’rice $9.95. No. G-131. No. 401. and easily. 176 pps.
o. T-131.

I\/[ay we send you your choice of any
three books on these pages as part of an
unusual offer of a Trial Membership in
G/L Electronics Book Club?

Here are quality hardbound volumes,
each especially designed to help you in-
crease your know-how, earning power,
and enjoyment of electronics.

These handsome, hardbound books are

vantages of belonging to the G/L Elec-
tronics Book Club.

To start your Membership on these
attractive terms, simply fill out and mail
the Postpaid Trial Membership Coupon

List Price $6.95. No.
424,

today. SEND NO MONEY! [f you are
not delighted with the books, return them
within 10 days and your Trial Member-
ship will be cancelled without cost or
obligation. We take all the risk.

indicative of the many other fine offerings FIRST

made to Members . . . important books

1o read and keep . . . volumes with your CLASS

specialized mterests in mind. \ Permit No. 9
Whatever your interest in electronics— Blue Ridge

radio and TV servicing, audio and hi-fi,
industrial electronics, communications,
electronics as a hobby—you will find that
the G/L Electronics Book Club will help
you get the job you want, keep it, improve
it or make your leisure hours more enjoy-
able. With the Club providing you with
top quality books, you may broaden your
knowledge and skills to build your income
and increase enjoyment of electronics, too.

How You Profit From Club Membership

These are just samples of the help and
generous savings the Club offers you. For
here is a Club devoted exclusively to seek-
ing out only those titles of interest to you
as an electronics enthusiast. Membership
in the Club oflers you several advantages:
1. Charter Savings: Take any three of the
books shown (combined values up to
$31.85) for only 99¢ each with your Trial
Membership.
2. Continuous Savings: The Club guaran-
fees Lo save you 15% 1o 75% on all books
offered through the Club News.
3. Wide Selection: Members are annually
offered well over 50 of the new and
authoritative books on electronics.

How the Club Works

Forthcoming selections are described
in the FREE monthly Club News. Thus,
you are among the first to know about,
and to own if you desire, sngmﬁcant books.
You choose only the main or alternate
selection you wish {or advise if you want
no book at all) by means of a handy form
enclosed with the News. As part of your
Trial Membership, you need purchase as
few as four books during the coming 12

months. You would probably buy at least G-29 G-54 G-99 G-129 T-131 G-131 401 424
this many anyway . . . without the sub-
stantial savings oﬂered through Club
Membership. Name PhoneNo.
o hhmned Time Offer! Addr
ere, then, is an interesting oppor- 58 -

tunity to enroll on a trial basnsg i .PI.) to NOTE: check if [J home or [J business address
prove to yourself, in a short time, the ad- .

I' City _State _____Zp -

i

CUT OUT ENTIRE POSTPAID ORDER

or tape, and mail

1968

MARCH

FORM AT RIGHT —Fill in, paste, staple

Summit, Pa.

BUSINESS REPLY MAIL

No Postage Stamp Necessary If Mailed In The United States

Postage Will Be Paid By

G/L ELECTRONICS BOOK CLUB
MONTEREY & PINOLA AVES.
BLUE RIDGE SUMMIT, PA. 17214

DO NOT CUT HERE A JUST FOLD OVER, SEAL AND MAIL_—NB SZI'AMP OR ENVELOPE NECE?SAR;

Send No Money! Simply fill in and mail Trial Membership Coupon Today!

G/L ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214

Please open my Trial Membership in the G/L Electronics Book Club and send me the three books
whose numbers 1 have circled below (billing me only 99¢ each plus a few cents postage and
mailing expense.) If not delighted, I may return the books within 10 days and owe nothing.
Otherwise, to complete my Trial Membership. I agree to purchase at least four additional monthly
selections or alternates during the next 12 months. 1 have the right to cancel my membership
anytime after purchasing these four books.

(The Club assumes postage on all prepaid orders; foreign and Canadian prices 10% higher) RE38
THiS ENTIRE FOLD-OVER COUPON FORMS A NO-POSTAGE-REQUIRED BUSINESS REPLY ENVELOPE
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LET’S FACE IT . . . TWIST-PRONG
CAPACITORS JUST DON'T HAVE

THE “FITS-ALL” ABILITY OF STRETCH SOCKS

. . . THERE’S NO NEED TO

@ STRETCH ANYTHING WITH

» A SPRAGUE TWIST-LOK®

they come in 2,365 ratings und sizes so you can make EXACT replacements

Some people claim that you can use
multi-rating twist-prong capacitors to
make replacements “‘as exact as they
need be.” Putting it another way,
some other people say that you can
take “‘a certain amount of leeway in
the matching of ratings and sizes.”

BUT—there is nothing exactly like
an exact replacement, particularly
when working with the exacting re-
quirements of Color TV circuitry.

Yes, you can replace one twist-
prong capacitor with another that
has a higher voltage rating and every-
thing’s OK. That is, everything ex-
cept the cost. You have to pay for
the extra voltage.

True, too: Circuit tolerances may
allow you to make successful re-
placements without matching original

capacitance values exactly. However,
if you pick a replacement that’s at
the high end of the circuit’s tolerance,
its own manufacturing tolerance may
throw it out of the ball park. For
example, you pull out a 100 uF @
350 V unit and figure that the 150 uF
capacitor on your shelf is a close
enough replacement. But the stand-
ard industry tolerance on this part
is +509,, —109%,. Therefore, it may
actually have a capacitance of 225 uF
—more_than double_the value your

circuit calls for. And probably will

get you called back.

We repeat : There is nothing exactly
like an exact replacement.

And . we make Twist-Lok
Capacitors in 2,365 ratings and sizes
so you can make exact replacements.

You can get a copy of Sprague’s comprehensive
Electrolytic Capacitor Replacement Manual K-109
from your Sprague Distributor or by writing to
Sprague Products Company, 81 Marshali Street,
North Adams, Massachusetts 01247,

SPRAGUE

DON'T FORGET TO ASK YOUR CUSTOMERS
"WHAT ELSE NEEDS FIXING?”

Circle 22 on reader’s service card

THE MARK OF RELIABILITY

€8:7115

wWWwWWwW.americanradiohistorv.com

In the shop . . . With Jack
(continued from page 22)

transmitter is using 1 kilowatt of en-
ergy to produce the rf field in the
transmitted shell.

Now, the shell contains an rf field
produced by 1 kilowatt. Look at Fig.
2 (b), the same shell I second later.
Still having the same total rf field, it’s
now 300,000 meters in radius. Con-
siderably more area, eh? The actual
amount of energy or field at b is a heck
of a lot less because of the tremendous
expansion. If you want the exact fig-
ures, you can work it out by figuring
the surface area of a sphere with a 2-
meter diameter and then another of
600,000 meters diameter, then divid-
ing by two. That’s not for me; 'll take
your word for it. Just remember this
one key fact: No matter how big the
shell is, it still has the same total rf
field it had when it left home! The big-
ger the shell, the thinner the field gets
spread out. So, if we spread a field
produced by 1 kW over three miles,
we have a fairly good signal; spread the
same amount over half of all creation,
and it’s not quite so powerful!

Watts or volts?

One more point: The TV trans-
mitter (like all transmitters) puts out
power—so many watts of rf. The rf
current flowing through the antenna
circuit produces a field. And it’s this
field of energy that’s intercepted by
the antenna, where it induces a voltage
that we can measure in microvolts per
meter. The receiving antenna couldn’t
care less about power, all it wants is a
little voltage, which is amplified by the
front end of the tuner.

Finally, my inquisitive friend
asked, “Why are low-band TV stations
allowed a transmitted signal level of
only 100-kW e.r.p., while high-band
stations are allowed 316-kW e.r.p.?”

To clear up that abbreviation,
e.r.p. means effective radiated power,
and is commonly used in FM and TV
transmitting work. It’s the power out-
put of the final amplifier stage, less
transmission-line loss, multiplied by the
power gain of the antenna. (They get
this power gain by reducing radiation
in the vertical plane and concentrating
it in the horizontal plane.) To get 100
kW of e.r.p., a station could use a 25-
kW transmitter and an antenna with
a gain of about 4 (depending on the
amount of line loss).

The reason for the allowable max-
imum power difference is simply that
frequency affects signal propagation.
The higher the transmitting frequency,
the less distance the signal travels,

24 RADIO-ELECTRONICS
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B e o p—

SERVICE AM & FM

AUTO & TRANSISTOR EQUIPMENT

AT A PROFIT!

Jobs that used to be unprofitable now go so quickly that you can make
good money handling them! There are millions of auto radios and tran-
sistor radios in the field —portables, auto and table models, plus hi-fi
and communications equipment. Instead of turning them away, you can
turn them into money-makers with the B&K Model 970 Radio Analyst.

The 970 is effective because it’s accurate and complete. Using the
famous B&K signal injection technique, this all-in-one instrument pro-
vides the required de power, lets you test power and signal transistors
in and out of circuit; generates RF and audio signals, and includes a
rugged, accurate VOM. Four functions in one compact package—with
solid state reliability, B&K professional quality.

LOW INVESTMENT—QUICK RETURN
See your B&K Distribulor or write for Catalog AP22-R

Net $199%

B & K DiviSION OF DYNASCAN

1801 W. BELLE PLAINE AVE.-CHICAGO, ILL. 60613
Canada: Atlas Radio Corp., 50 Wingold, Toronto 19, Ont.
Export: Empire Exporters, 123 Grand St., New York 13, U.S.A.

Circle 23 on reader’s service card

MARCH 1968

www americanradiohistorv:com

FEATURES:
BUILT-IN POWER SUPPLY
Auto Radios—High current, low-ripple, for
transistor, hybrid, and vibrator types.
Transistor Portables—1% to 12 volts for
battery substitution—plus separately vari-
able voltage tap for bias.

QUICK AND ACCURATE TESTING OF
POWER AND SIGNAL TRANSISTORS
In-Circuit—stage by stage DC signal injec-
tion and sensitive metering of power supply
current.

Out-of-Circuit—Direct Beta and Leakage
meter scale readings. Easy balancing or
matching.

VERSATILE SIGNAL GENERATORS

RF Generators—provide broadcast and IF
frequencies for both AM and FM bands.
Audio Generator—for AM or FM modula-
tion of the RF signals, and for trouble-
shooting audio circuits.

RUGGED vOM

Volt-OHM-Milliammeter—with rugged,
taut band meter—provides correct ranges
for easy, fast servicing of all home and
auto radios, as well as transistor portables.
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In the shop . . . With Jack

(continued from page 24)

power output being the same. Another
way of putting it: Signal attenuation
increases with frequency.

So, low-band vhf stations (54-88

)

MHz) may use no more than 100 kW
e.r.p. High-band vhf stations (174-216
MHz) have a harder time pushing
their signals out, and are allowed up to
316 kW e.r.p. Uhf stations (470-890
MHz) have an even harder time of it,
and can use up to 5 megawatts!

But that’s not the whole story. The
FCC wants all TV stations to have

XMITTING ANTENNA

FIELD PRODUCED BY
| KW OF ENERGY

M ’

*~EARTH

SAME AMOUNT
OF FIELD

SAME ANTENNA

300,000 METERS

™~ EARTH

equal service areas when operating at
maximum coverage. But vhf and uhf
field strength depends. not only on
e.r.p., but also on transmitting antenna
height AAT (above average terrain).
The higher the antenna, the less power
needed to produce the same coverage.

The maximum power of 316 kW
for a high-band vhf station can be
used only if the antenna is not over
1000 feet AAT. Increase the antenna
height and you must crank down the
power. A high-vhf station with an-
tenna height of 5000 feet AAT, for in-
stance, can have a maximum e.r.p. of
roughly 1.5 kW.

Matter of fact, the above rules
are also modified by geographical lo-
cation. In the high-population North-
east US (roughly New England to Illi-
nois and Virginia) the FCC limits on
power are more severe than in the rest
of the country. This was done be-
cause more stations must “live with
each other” in populous areas than in
sparsely settled regions like, say, Wyo-
ming.

prd
Brightness trouble in ;/l
oscilloscope /

I've got a faithful old DuMont 304
scope, and it’s always done very well.
Now, though, it's got brightness-control
troubles. When 1 turn the control full-

original parts

“Royal Crest” Circuit Tubes

More than 875 tubes—a full line
with the same quality as original
Zenith equipment. Get Zenith tubes
for greater dependability and

finer performance.

from your Zenith distributor.

ZENITH TUBES
built to the quality
standards of Zenith

BEST YEAR YET

Order all genuine Zenith replacement parts and accessories

A 1968
S

TV Picture Tubes

For color TV, B&W TV
or special purposes.

A complete Zenith line
of more than 200 tubes
built for greater
reliability, longer life.

Zenith B&W replacement
picture tubes are made only
from new parts and materials
except for the glass envelope

in some tubes which, prior to
reuse, is inspected and tested to
the same high standard as a
new envelope. Some color
picture tubes contain used
material which, prior to reuse,
is carefully inspected to meet
Zenith's high quality standards.

The quality goes in before the name goes on
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on, the trace gets very wide, as if bloom-
ing. Back down halfway, and it looks pretty
good. However, it won’t put the spot out
as it should.

Any ideas?—R. H., Houston, Tex.

Some. Check all resistors in the
negative-voltage network. Also check
the voltage between the CRT’s cathode
and grid. Apparently the grid isn’t going
far enough negative (with respect to
the cathode) to extinguish the spot,

FROM SWEEP BLANKER:

<
.05/2KV

Focus | ==,

L1l Seop!
1}
Z AXIS
—1400V | .01/2KV INPUT
INTENSITYS 50K &
220K S5 5 MEG

— 1400V —1400v "

when the brightness control is turned all
the way down. I seem to remember a
similar trouble in this model once be-
fore; check the Z-axis (or intensity-
modulation) coupling capacitor. It’s
connected to the CRT grid, but there is
a 2.2-meg resistor shunted to ground on
the jack side (see drawing). If this ca-
pacitor is leaky, it will upset grid-to-
cathode bias.

Lightning arresters for coax?

I can’t find a good lightning arrester
for use on a coaxial cable lead-in system.
Any recommendations?—P.K., Los An-
geles, Calif.

From much experience in two-
way radio antennas, and in TV, I'd say
that a very good lightning arrester for
any kind of coax would be a simple
ground on the outer shield at the point
where the line goes into the house. The
easiest way is to use a Blitz Bug light-
ning arrester made by Cush-Craft for
coaxial cable.

You can clamp the line in any of
the conventional arresters, and then
“jump” the normal gap with a wire, so
that the outer braid of the coax is ac-
tually grounded. You can also slit the
outer vinyl jacket, and wrap about 6 to
8 turns of solid copper wire around the
braid. Don’t try to solder it; you’ll melt
the inner insulation.

Spray this with Krylon clear plas-
tic, then wrap it tightly with vinyl tape,
to keep it weatherpoof. Use a good
ground rod. R-E
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Clarostat’s [[U=E172

field-assembled controls
instantly available from
your Clarostat Distributor

Stop spending endless hours searching for
that hard-to-find \-\ replacement control. The
Uni-Tite Replacement Center at your Clarostat Dis-
tributor will solve 95% of your customers’ needs
with an instantly assembled replacement control.
Get them all — 15/16" diameter wire-wounds, push/
pull concentric duals, push/pull singles, dual con-
trols, duals with rotary switches, and singles with
rotary switches. Your local Clarostat Distributor has
them alt . . . forradio...TV ... audio... hi-fi..
and sound system requirements . . . in the Uni-Tite
Replacement Center. Stop in today and save time,
money and effort.

CLAROSTAT

CLAROSTAT MFG CO. INC. DOVER. NEW HAMPSHIRE

Circle 25 on reudel s service card

www americanradiohistorv com


www.americanradiohistory.com

" THE SURFACE I = e

.

Only NTS penetrates below the surface. Digs
deeper. Exampl!e? Take the above close-up of the
first transistorized digital computer trainer ever
offered by a home study school.

It's called The Compu-Trainer®—an NTS exclu-
sive. Fascinating to assemble, it introduces you to
the exciting world of computer electronics. Its de-
sign includes advanced solid-state NOR circuitry,

. ELECTRONICS... = \»

L

=
!

—-—-h-__h.—: —'.'.

flip-flops, astable multivibrators and reset circuits.
Plus two zener and transistorized voltage-regulated
power supplies. The NTS Compu-Trainer® is capa-
ble of performing 50,000 operations per second.

Sound fantastic? /t is? And at that, it's only one of
many ultra-advanced kits that National Technical
Schools offers to give you incomparable, in-depth
career iraining.

PROVE IT YOURSELF. SEND FOR OUR NEW CATALOG. SEE THE LATEST,

MOST ADVANCED KITS AND COURSES EVER OFFERED BY A 'HOME STUDY SCHOOL.

28
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NTS...THE FIRST HOME STUDY SCHOOL
TO OFFER LIVE EXPERIMENTS
WITH INTEGRATED CIRCUIT KITS

You build a computer sub-system using the new,
revolutionary integrated circuits. Each one, smaller
than a dime, contains the equivalent of 15 resistors
and 27 transistors.

And your kits come to you at no extra cost. These
kits are the foundation of the exclusive Project-
Method home study system...developed in our
giant resident school and proven effective for thou-
sands of men like yourself.

With Project-Method, all your kits are carefully
integrated with lesson material. Our servicing and
communication kits are real equipment—not school-
designed versions for training only. As you work on
each of the projects, you soon realize that even the
most complicated circuits and components are easy
to understand. You learn how they work. You learn
why they work.

NTS Project-Method is a practical-experience
approach to learning. The approach that works best!
An all-theory training program can be hard to under-
stand — difficult to remember. More than ever before
you need the practical experience that comes from
working with real circuits and components to make
your training stick.

NTS SENDS YOU KITS TO BUILD THESE
IMPORTANT ELECTRONICS UNITS!

4 25” COLOR TV
¢ 21” BLACK & WHITE TV
¢ SOLID-STATE RADIO
¢ AM-SW TWIN-SPEAKER RADIO
¢ TUBE-TESTER
4 TRANSCEIVER
4 COMPU-TRAINER®
¢ VTVM
4 SIGNAL GENERATOR

See them all illustrated in
the new NTS Color Catalog.

CLASSROOM TRAINING AT LOS ANGELES: You can take class»
room training at Los Angeles in sunny California. NTS occupies a City
block with over a million dollars in facilities devoted exclusively to

NATIONAL G SCHOOLS

AP,

WORLD-WIDE TRAINING SINCE 1905
4000 So. Figueroa Street, Los Angeles, Calif. 30037

APPROVED FOR VETERANS

a*& Accredited Member: National Home Study Council

Accredited Member: National Association of
gy Trade and Technical Schools

MARCH 1968

e Ko

( HY B
T

QCOMMUNICATIONS

This transceiver is included
in Communications courses.
You build it. With it, you
easily prepare for the F.C.C.
license exam. You become
a fully-trained man in com-
munications, where career
opportunities are unlimited.

25” COLOR VW

Included in Color TV Servicing
Courses. With it you advance
yourself into this profitable
field of servicing work. Color is
the future of television, you
canbe in on itwith NTS training.

YOUR OPPORTUNITY IS NOW

New ideas, new inventions, are
opening whole new fields of
opportunity. The electronic
industry is still the fastest grow-

GET THE FACTS! SEE ALL NEW
COURSES AND KITS OFFERED IN
THE NEW NTS COLOR CATALOG.

SEND THE ing field in the U.S. There's a
Lo i i higger, better place in it for the
COUPON | NTS GUIDE man who trains today. So, what-
TODAY! l ELECTRONICS ever your goals are — advanced

S m color TV servicing, broadcasting,
There's no | F.C.C. license, computers, or
obligation. L o . g K
You enroll by | (5 industrial controls, NTS has a
el | E?n $  a highly professional course to
will call L coin it epiaiesi |

meet your needs.
ENEEEEEEEEEEEREEEEEN

DEPT. 206-38 i
m NATIONAL TECHNICAL SCHOOLS

" n
4000 S. Figueroa St., Los Angeles, Calif. 90037 M

[ Please rush Free Color Catalog and Sample Lesson, plus
M information on tield checked below. No obligation. .
Bl [ MASTER COURSE IN ] PRACTICAL TV & ]
N COLOR TV SERVICING RADIO SERVICING w
m U COLOR TV SERVICING ] FCC LICENSE COURSE 2
m O MASTER COURSE IN ] INDUSTRIAL & COM- [ |
TV & RADIO SERVICING PUTER ELECTRONICS |
= [J MASTER COURSE [J STEREO, HI FI & ]
B IN ELECTRONIC SOUND SYSTEMS B
|| COMMUNICATIONS ] BASIC ELECTRONICS [ ]
W NAavE AGE |
M sooress | |
= CITY STATE ZIP n
O Check if interested in Veteran Training under new G.1. Bill. 3
= 0 Check if interested ONLY in Classroom Training at Los Angeles. | |
EEpEEEmEnEennannnnnd
31
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BUILD

AN IC

CRYSTAL CALIBRATOR

100 kHz to 30 MHz within 0.0001%

for about $15

WANT TO CHECK THE CALIBRATION
of your receiver? your transmitter’s
vfo? your oscilloscope? your signal
generator? Here is a crystal calibrator
that makes it possible for you to do all
these things—and more.

It’s a true sccondary frequency
standard that can be adjusted to an
accuracy of 0.0001% by using the
National Bureau of Standards signals
from WWYV. But, while WWYV appears
at only a few frequencics, the crystal

calibrator gives accuratc reference
'WCCTB
6408

| &

4500 (4) %“
SEABGY
2 43

Fig. 1—Inside the uL914 . . . 4 transistors
and 6 resistors, all in a TO-5 size case.

points every 100 kHz up to at least
30 MHz.

Maybe you don’t have a short-
wave receiver to pick up WWV. With
nothing but an ordinary broadcast-
band resistor radio you can set the
crystal calibrator to an accuracy of
0.001 % —about 1000 times as accurate
as the dial calibration of most test in-
struments and radio receivers.

This crystal calibrator gives you
the accuracy of a standards labora-
tory. Its output has very sharp rise and
fall, on the order of 0.01 psec. Thus it
can be used to check damping, over-
shoot and ringing in oscilloscope pre-
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By JACK ALTHOUSE

amplifiers and to check frequency re-
sponse and bandwidth of high-fre-
quency amplifiers.

All this is accomplished with one
reasonably priced crystal, an 80¢ inte-
grated circuit, and a half dozen other
inexpensive components. Total cost,
including the case and two penlight
cells, is about $15.

The circuit

Most components are contained
in the integrated circuit chip itself
(Fig. 1). The collectors of QI and Q2
are ticd together and share a common
load resistor; Q3 and Q4 share another
load resistor. Each transistor has a
separate series base resistor.

The four transistors and the six
resistors arc on a single silicon chip
potted in an epoxy case. The eight
connections numbered in Fig. | are
brought out through eight gold-plated
leads at the bottom of the cpoxy case.

Multivibrator. One way to use
the IC is shown in Fig. 2. If pins 2 and
3 are left open, both Q2 and Q3 are
cut out of the circuit and take no part
in its operation. That leaves just Ql
and Q4. If you connect external re-
sistors R1 and R2, external capacitors
Cl and C2, and a 3-volt power supply,
the circuit becomes a multivibrator. It
will oscillate at a frequency deter-
mined by the time constants R1-Cl
and R2-C2.

The circuit works like this: When
Q4 conducts, its collector voltage drops
from +3 volts to ground (zero). This
negative pulse passes through CI1 to
the base of Q!, thus turning it off.

Transistor Q1 will stay off until C1
charges (through R1) far enough to
bring the base of Q1 positive; then Q1

www americanradiohistorv. com

conducts and produces a negative go-
ing pulse at Q1’s collector. The nega-
tive pulse from QI’s collector passes
through C2 and turns off Q4. Then
C2 charges through R2 and the cycle

repeats. The result is a continuous
square wave.
Crystal control. Now consider

Fig. 3. This is the same circuit as Fig.
2 except that C2 has been replaced by
a crystal. The crystal, unlike the ca-
pacitor it replaces, will pass current at
only one frequency. It is a resonant
element in itself; thus the value of R2
no longer affects the frequency.

The remaining time constant
(R1-C1l) has only to be adjusted so
that oscillations tend to take place at
approximately the crystal frequency.
Then, presto!-—the crystal takes hold
and you have an oscillator stably con-
trolled at the crystal frequency. This
circuit is the basis of the 1C crystal
calibrator.

Binary circuit. But what of tran-
sistors Q2 and Q3? They are sitting
there on the IC chip, cut out and do-

3V

|
%Rz

Fig. 2—Transistors Q1 and Q4 are hooked
up to form a multivibrator circuit.

RADIO-ELECTRONICS
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Fig. 3—By substituting a crystal for
capacitor C2, the frequency is fixed.

ing nothing. It seems a shame not to
use them.

A uscful circuit is shown in Fig.
4. Here terminals [ and 5 are open,
leaving Q1 and Q4 cut off. The output
lead of Q2 is connected to the base of
Q3, and the output lead of Q3 is con-
nected to the base of Q2. This is a
direct-coupled binary circuit.

If, for example, Q3 is off it will
draw no current through its collector
resistor. Thus the base of Q2 is con-
nected to +3 volts through the Q3
collector resistor and the Q2 base re-
sistor. Q2 will turn fully on. The re-
sulting low voltage at Q2 base puts Q3
base at a low potential, and Q3 will
stay off. The circuit will remain in this
state indefinitely or until a trigger
pulse comes along to turn Q2 off. Then
the circuit will reverse its state with
Q2 off and Q3 on.

Now, if Q! and Q4 were running
in the oscillator circuit of Fig. 3, there
would be a series of trigger pulses on
the collectors of Q2 and Q3 because
they are tied directly to the collectors
of Ql and Q4 on the IC chip.

Calibrator circuit. The circuit of
Fig. 5 is the crystal oscillator circuit of
Fig. 3 and the binary circuit of Fig. 4
combined. QI and Q4 form a crystal
oscillator. Q2 and Q3 form the binary
that holds the oscillator in place be-
tween trigger pulses to give a good
“flat-top” to the output waveform.

A few other components have
been added to the circuit. Most impor-
tant is C2. In series with the crystal, it
allows you to vary the frequency of
oscillation slightly so as to zero-beat
with WWYV or any other available fre-
quency standard.

C3 is a dc blocking capacitor for
the output circuit. A resistor (R3) has
been added to the B+ line along with
S1, the on-off switch and a 3-volt
battery.

Construction
You’ll find that the IC crystal
calibrator fits into a 54”x3”"x2l8"”
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box with ease. The output connector
is mounted on one end of the box and
the battery holder on the other.

Mount the on—off switch on the
front panel at the battery end of
the box. A rotary switch is used in
the unit shown in the photographs.
However, a toggle switch can be used
it desired. Be sure to leave cnough
space between the switch and the bat-
tery holder so that the batteries can be
removed f{rom the holder when re-
placement is necessary. (The penlight
cells will power the unit for more than
100 hours of continuous operation.)

Oscillator components are mount-
ed on a picce of perforated board 2V2”
wide and 23%” long. Prewire it as a
separate subassembly and then mount
it in the box.

Drill four holes near the corners
of the perforated board to accept 4-40
mounting screws. Use these holes as a
template to make matching holes in
the front panel of the hox. This is
more easily done betore the parts are
mounted on the board.

Next bend the leads of the 1C—
one at a time—as shown in Fig. 6.
Hold cach lead with a pair of long-
nose pliers so that the bend occurs
about %¢” from the IC case. Lead 8 of
the IC is marked by a flat or a brown
line on the side of the case.

Mount the components on the
board as shown in Fig. 7. Be sure to
provide leads long enough to reach the
switch, batteries and output terminals.
Two wires come off the board on each
end; two are for the output connector
and two for battery power. Case
ground is made to a solder lug placed
under one of the perforated-board
mounting screws,

Check and adjust

When the board subassembly is
complete, check its wiring, then mount
it in the box. Connect the lcad wires to
the output connector, switch and bat-
tery holder. When inserting the bat-
teries be sure to observe the proper
polarity. Batteries are in series, with

S S——
3v

—

Fig. 4—Transistors Q2 and Q3 as a bi-

nary counter produce square-wave pulses.
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OUTPUT  GND

Fig. 5—Combining the functions (Figs.
3 and 4) produces triggered square waves.

Parts List

Bl—Two penlight cells, 114 volts each, AA
size, NEDA 15

C1—0.002-uF, 10% disc ceramic capacitor
(Centralab CF-202 or similar)

C2—7-45-pF trimmer capacitor
825-GN or similar)

C3—68-pF disc ceramic capacitor (Centralab
DD-680 or similar)

J1—Dual binding post (Millen 37222 or simi-
lar)

R1—4700-chm, 4 -watt resistor

R2—22,000-ohm, Yi-watt resistor

R3—470-ohm, 14 -watt resistor

S1—S.p.s.t. toggle switch

XTAL 1—100-kHz crysta! (Petersen
James Knight H-17T or similar)

IC1—Fairchild pL914 integrated circuit

MISC—battery holder (Keystone 140 or simi-
lar); perforated board (Vector 85G24EP
with T-28 terminals, or simitar); alumi-
num box 5Y%"” x 3" x 2%” (LMB TF-780
or similar).

(Centraiab

Z:6A,

The L9914 IC retails for $0.80 at
Fairchild distributors. It is available in a
TO-5 case, a flat pack, and an epoxy
package. Only the epoxy costs $0.80.
Most distributors do not accept mail
orders for less than $10. Semiconductor
Specialists (P.O. Box 8725, O’Hare In-
ternational Airport, Chicago, Ill. 60666}
accepts mail orders of $3.00 or more.

negative ground.

The first step is to make sure that
the calibrator is oscillating properly.
To do this, connect a short length of
hookup wire to the output terminal.
Couple it loosely to the antenna ter-
minal of a short-wave receiver by
twisting the wire around the antenna
lead. Tune in WWYV (sce Table 1 for
data) and listen as you rotate C2. You
should hear an audible beat note that
changes pitch as C2 is varied.

If the wiring is correct and the
specified components (or their electri-
cal cquivalents) have been used, the
calibrator should pass this test without
a hitch. It a raw note or “hash” is
heard when the calibrator is turned on,

the time constant of RI-Cl is too
small. Either Rl or Cl must then be
33
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PR

Fig. 6 — Suggest-
ed method for
bending the leads
of the wL 91 4
for mounting.

made larger. The exact values, how-
ever, should not be critical. If R1-Cl
is too large you’ll hear signals cvery 50
kHz instead of every 100 kHz during
the adjustments described below.

Adjustment to WWYV

For this adjustment you’ll nced a
plastic screwdriver or alignment tool
to vary C2. Adjustments made with a
metal-blade screwdriver will shift when
the blade is taken off the capacitor.

Tune to WWV and wait for its
audio tone to go off (see Table I). Then
rotate C2 until the beat note goes to
zero. This will bring the calibrator
within 50 Hz or so of truc zero beat.

When the WWYV audio tone re-
turns you will be able to hear a “flut-
ter” on it. This flutter is a change in
amplitude. It takes place at a rate
which is the difference between the 1C
calibrator harmonic and the WWV
carrier frequency.

Carefully tune C2 to lower the
flutter frequency toward zero. This
adjustment is best made when WWV
is coming in loud and clear with a
minimum of fading. You should be
able to adjust the calibrator to within
about 10 Hz of WWV. If you use the
10-MHz WWYV transmission, the pro-
cedure gives an accuracy of 10 Hz out
of 10 MHz, or 0.0001 %!

This accuracy is more than ade-
quate for many measurements. But if
you have an application that requires
even higher precision, place a vernier
capacitor across C2 so that you can
adjust the calibrator to within 1 Hz or
less of WWV. An E. F. Johnson type
SMI11 air trimmer (1.5 to 5 pF) is
suitable for this.

Adjusting to BC stations

If your receiver won’t pick up
WWV, use signals from standard
broadcast stations to adjust the cali-
brator. A transistor radio will do as a
receiver.

Tune the radio you are using to a
broadcast station that operates on an
even multiple of 100 kHz (600 kHz,
700 kHz, 800 kHz, etc.). If you are
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SIDE VIEW

30 7

BOTTOM VIEW

TABLE |
WWV/WWVH BROADCASTS
Operating frequencies:
WWV—2.5, 5, 10, 15, 20, 25 MHz.
WWVH—S5, 10, 15 MHz.

Tone modulation:
Tone starts on the hour, 5 minutes
past the hour, 10 minutes past
the hour, etc.

Tone lasts for 2 minutes (WWV) or
for 3 minutes (WWVH).

A 600-Hz tone is transmitted on
the hour, 10 minutes past the
hour, etc.

A 440-Hz tone is transmitted
starting 5 minutes past the hour,
15 minutes past the hour, etc.

Other modulation:

Time of day is given in voice,
Morse code and 100-pps binary
code.

Transmitter locations:

wwV—rFort Collins, Colo.
WWVH-—Maui, Hawaii

using a transistor radio, place the end
of the case that contains its loopstick
antenna near the IC. If you use a table
radio, connect a piece of hookup wire
to the calibrator output terminal and
run it parallel to the plane of the re-
ceiver’s antenna loop.

Tune C2 as described in the pre-
vious section until the beat note goes
to zero (scems to disappear). Then
listen to the background noise or the
program; you’ll hear it vary in volume
at the difference frequency. Adjust the
flutter to as low a frequency as you
can easily hear.

Accuracy of this adjustment pro-
cedure is limited in two ways: (1)
Broadcast stations don’t hold their
frequencies as closely as WWV. (They
are limited to =20 Hz.) (2) Com-
parison on the BC band is not as ac-
curate, for the same beat frequency,
as short-wave comparison: 10 Hz out
of 10 Mhz is 0.0001% but 10 Hz out
of 1 MHz is only 0.001%. It is possi-
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ble, however, to zero-beat the calibra-
tor in the broadcast band to about 1
Hz with a little care. If you find it dif-
ficult to hear the flutter, use a scope
coupled to the receiver’s last i.f. stage.
You will see “beat” as an expansion
and contraction of the rf signal.

Using the crystal calibrator

Receiver calibration. The dials on
most commercial receivers have only
modcrate accuracy. This is due to

variations in the electrical values and

linearity of the components used in
construction. Using the IC crystal cali-
brator you can check this calibration
to a high degree of accuracy.

With the calibrator loosely cou-
pled to the receiver antenna terminal,
tune the recciver’s main dial and ob-
serve the 100-kHz markers. They
should appear near the indicated spots
on the dial. You'll also hear other car-
riers. To make sure that you are lis-
tening to the calibrator when you hear
a signal, just flip the on—off switch. If
the signal goes away, it was the calj-
brator. If not, it was something eise.

It’s wise to check the overall cali-
bration of the receiver next. This can
be done by listening to WWV or a
short-wave broadcast station of known
frequency to make sure that the re-
ceiver is not off by a full 100 kHz so
that, for example, what appears to be
9500 kHz is not, in fact, 9600 kHz.

Now, using the logging scale, you

(continued on page 80)

—— Jl
GROUND LUG

Fig. T—Mount components on perforated
board first; then mount hoard in box.
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HOW TO DEAL WITH RF INTERFERENCE

Don't let electrical and rf noise get you down

By TOM JASKI

DURING THE 60-ODD YEARS THAT
electromagnetic radiation has been
used by man for communication and
control, RFI (radio-frequency inter-
ference) has grown considerably. Al-
though Marconi probably transmitied
in near silence, it’s a safe bet that
within a few years someone was com-
plaining of noise on the radio!

Rf interference problems have

IMEG  NE-2

90V BATT

Fig. 1—Simple rf probes for close work.

multiplied at an accelerated rate dur-
ing the past 15 years. Today we live
in a sea of rf produced by millions of
transmitters, receivers, industrial and
medical equipment, dirty motors.
fluorescent lights and corroded mctal
contacts.

Radio engineers, in fact, deserve
our thanks for making it possible to
communicate amidst all the confusion
on the air. For with the proliferation
of rf energy-producing devices have
come highly sophisticated transmis-
sion systems such as FM, SSB and
multiplex. The question now is not
“How can we eliminate interference”
but “How can we live with it?”

Noise and junk

Hams call it QRM, radarmen
speak of grass, video operators com-
plain of glitch and birdies, and one
CB’er I know simply calls it junk.
Whatever term you use, RFI consists
of undesirable signals picked up by a
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recciver. To a radar operator at an air-
port, it could be the harmonic of a
kid’s radio-controlled airplane trans-
mitter. To a CB buff, it might be a
diathermy machine in a doctor’s office
down the street. Sometimes ship-to-
shore stations get clobbered by har-
monics from broadcast stations,

Recently the Federal Aviation
Agency prohibited the operation of
FM broadcast receivers aboard com-
mercial airliners. The local oscillator
of an 88-108 MHz receiver can wreck
air-to-ground  communications,  en-
dangering the lives of all aboard.

RF1 causes more damage than
marred pictures for a TV viewer or
buzz saws to an SWL. There is even
evidence 1o suggest that the human
brain can directly pick up and de-
modulate  rf signals—according to
scientists at the General Electric Ad-
vanced Rescarch Laboratory. It is

HINGED TOP | LOUVERS xrRF LEAKAGE
TE—e

Q) |
j 1/ AKA
. _w”'\

REMOVE PAINT AT

belicved by some that 3- to 4-MHz
radiation (if of sutlicient intensity)
can adversely affect the reproductive
cells; that 5-MHz radiation can double
the size of a tumor; that uhf energy
can affect the eyes and possibly even
the nerves of the body; and that micro-
waves can shorten the life span of
human beings (and perhaps other ani-
mals). Some authorities claim that rf
disrupts the homing mechanism of
pigeons and the migrating habits of
certain birds.

Communication sources

TV transmitters, ham rigs and
CB transceivers have at least one
thing in common: All are designed to
transmit some kind of information
through the airwaves. Diathermy ma-
chines, arc welders, fluorescent lamps,
neon advertising signs and radar ovens,

FINGER- CONTACT
RF SHIELDING

| <

~
MOVE PAINT
N IN THIS AREA

@ ; 4/ JOINTS FOR GOOD
v RF CONTACT
.
e PANEL
WOVEN
AC LINE "\ ADDED CORNER ANGLE - METAL
CORD \| SEALS RF LEAKS MESH RF
o GASKET
INSERT EITHER
Q b C TYPE IN GAPS

Fig. 2—How rf leaks out of “shielded” cabinet (a). Corners must be tight (b).
Treat hinge with finger stock weather stripping to complete shielding pattern (c).
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Fig. 3.—Typical power line filter (top) as

installed on a dielectric rf heater.

on the other hand, don’t transmit
intelligence. But, unfortunately, they
do radiate rf energy.

In most cases, transmitters of
intelligence are licensed in the US by
the FCC (and in Canada by the DOT)
to specified frequencies, with limits on
power and spurious radiation. When
such devices produce interference, it’s
usually because they are mistuned,
poorly shielded or possibly not well
grounded. How can you reduce such
interference?

Government rules help by limit-
ing permissible radiation from nearly
all such transmitters. Manufacturers
build their equipment to meet these
specifications, and they usually fur-
nish information to keep the gear
clean. Technicians can usually locate
the trouble and correct it in an intelli-
gence transmitter.

Obviously the subject of interfer-
ence from transmitters is quite large
and could be covered by several arti-
cles. (It has been!) But exact pro-
cedures to follow in transmitter trou-
bleshooting are specialized and belong
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to ecach field—TV,
broadcast, etc.

[t is often much easier to reduce
RFI from nonintelligence transmitters
—which is what this article is about.

amateur, CB,

Just plain noise

Diathermy machines and arc
welders can be awfully nasty to re-
ceivers, for the radiated energy is

often spread across a broad band of
frequencies. And no one is communi-
cating! Still, adding machines and SCR
dimmers are here to stay, and cussing
them won’t make them go away. Any-
where human beings are, you’ll find
clectric  motors—and often brush
noise. Factories that use induction
heaters aren’t going to turn them off
so you can listen to the BBC.

Locating RFI

Therc are several steps you can
take to minimize rf noise from sources
not used for communication. First, of
course, you have to locate the source.
A noise-tracing receiver is used by
professional RFI finders; it is a
sharply tunable, well-shielded receiver
which covers a broad frequency
range. It has a direction-finding an-
tenna for pinpointing the source, head-
phones so the operator can monitor
the interference, and a meter cali-
brated in microvolts per meter to
mecasure noise level.

Of course, it’s also possible in
many cases to use a simple portable
radio or TV recciver and use the sig-
nal-to-noise ratio you hear as your
guide to the source. Naturally, the re-
cciver should use a bidirectional dipole
or loop antenna. Nulls are sharper
than lobes for direction-finding work.

.05
AC INPUT — TO MOTOR
fos <!

Fig. 4—Simple line filter for small motor.

Much noise from motors and
clectric appliances is transmitted via
power lines, and you’ll probably find
interference tracing leading you into a
building near the ac wiring. When you
approach the noise-producing equip-
ment, the receiver will probably satu-
rate. An inexpensive and easy-to-use
RFI indicator for close work is shown
in Fig. 1. You adjust the potentiometer
until the neon 1gnites, then back off the
control slightly. When you put the bulb
near an rf source, it fires.

Noiseproofing the source

An RFI axiom states that block-
ing noise at the source is ten times
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better than attempting to minimize it
at the receiver. As you’ll see in Fig. 2,
some industrial heating. welding and
processing cquipment that uses an rf
oscillator lacks proper shielding.

Holes and poor metal-to-metal
joints in cabinets can leak rf, which is
then coupled into adjacent power, in-
tercom or other wiring. It even gets
into metal building members.

Metal cabinet joints should be
made as shown in Fig. 2(b). Doors
and hinges can usually be made rf-
proof only by using wiping contacts
(finger stock) and mesh-type rf gasket
material as in Fig. 2(c).

Direct metal shielding keeps rf
out of free space, but there is still the
power line. The simplest remedy is an
ac filter for rf; a typical filter used in
a diclectric heater is shown in Fig. 3.
The best installation uses a shielded
box around the filter and shiclded line
to the ac outlet.

Motors should also be filtered to
prevent brush noise from contaminat-
ing the ac line. Small motors (up to
about 18 horsepower) can be quieted
withe the circuit of Fig. 4. Larger mo-
tors create more noise and will require
more extensive filtering, as illustrated
in Fig. 5. The series inductors must be
capable of carrying rated current of
the filtered device.

Fluorescent hash

In today’s highly civilized world,
probably the most widely used noise
producer is the commmon fluorescent
lamp. Such interference is spread
across many frequencies, but not uni-
formly (Fig. 6).

Fluorescent lamps produce their
interterence mainly on cutoff. While
the gas in the tube is still ionized, the
lowering voltage (in the ac cycle) may
be sutlicient to allow the tube to arc
over several times and produce RFI.
Two suitable fluorescent line filters are
shown in Fig. 7, the capacitor-only
filter will do for most lamps, but the
inductor model (Fig. 7-bottom) is

necessary for really noisy units.
( continued on page 66)
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Fig. 5—Single (top) and double section
(bottom) filters for electric motors.
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Build:

Intermittent Filament Analyzer

“Winking” series-strings can be made to behave

By DON ANGLIN

ONE OF THE MOST TIME-CONSUMING
jobs in repairing ac—dc radios or trans-
formerless TV sets is locating a tube
with an intermittent heater, especially
if it is a thermal Intermittent which
opens for only a few seconds at a time
and closes before you have a chance to
make a test. Fortunately, there is a very
simple way to spot this type of trouble
and you can do it without the use of a
meter or tube checker and without the
need to hover over the set while it is

“cooking.”
You can let the set play while you
attend to some other matters . . . as

soon as you hear the set act up, take a
peek at your “Intermittent Heater Ana-

o ©
’5‘-’\Il ‘30('6 \7«%"’ \'L%‘& \7}\‘6

£

Fig. I—Neon lamp acts as an open heater

monitor. It glows when 50C5 is open.

1

lvzer” and chances are you will know
instantly which tube is acting up. The
gadget is simply a half-dozen neon lamps
with current himiting resistors and 7 test
leads. You can have more or less neon
lamps as you wish number of test
leads needed is one more than the num-
ber of lamps. Operation is the same for
cach neon-lamp circuit.

How It Works

In a series-string radio or TV set
the full 117-volt ac line voltage is dis-
tributed across the string. When the
string is “complete,” current flows and
causes a voltage drop across each tube
in accordance with the resistance of the
tube’s heater and the amount of current
flow. When the string is open, no current
will flow and no voltage will drop across
anv of the tubes, causing the full 117
volts to appear across the open or break
in the circuit.

For example, examine Fig. 1 and
assume that the heater in the 50C5 is
opening and closing intermittently when
the switch is closed. Under normal op-
eration the voltage drop across this tube
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i1s nominally 50 volts. However, when
the heater opens, the potential across the
break is the full line voltage. If a neon
lamp were placed across the 50C5 heat-
er, the lamp would light when the heater
is open, and would be dark when the
heater is working. The neon lamp re-
quires a minimum of about 60 volts (o
stay lit and thercfore blacks out when
the break in the hecater mends itself.

All you have to do then is bridge
a suspected tube with a neon lamp, but
it you checked one tube at a time it
would still be time consuming.

To cut down on the time required
to monitor each tube separately, simply
keep tabs on as many as 6 at a time, as
shown in Fig. 2. When working ona TV
sct or where the number of tubes ex-
ceeds the number of ncon lamps in the
analyzer, simply divide the heater string
into a number of scctions and let each
lamp monitor a section, as shown in Fig.
3. Once you have isolated the trouble to
a particutar section, place the analyzer
leads across each tube in the section and
await the results with confidence.

Not all intermittent troubles in a
heater string are tuhe troubles—be on
the alert for cold solder connections and

35w4 35C5

1—0/

12BA6

breaks in a printed circuit board. Also
keep in mind not to section off a group
of tubes where the voltage drop across
the section (under normal conditions)
exceeds the firing point of the neon
lamp.

Construction

Any kind of a small cabinet can be
used to house the neon lamps and their
limiting resistors. If you use neon lamps
with resistors built in you can save some
assembly time. Neon lamps can be
NE-2’s and the resistors can be about
100,000-ohm, Y2-watt jobs. Follow the
circuit shown in Fig. 2. There is nothing
critical about the construction. It’s a
good idea to pass the test leads through
grommets in the cabinet to prevent abra-
sion of the insulation, and to use small
insulated alligator clips to prevent shorts
in a crowded chassis. The lamps can also
be pressure-fitted into appropriate sized
grommets or mounted behind a set of
holes as shown in the photo.

It you wish, you can dress up the
front of the cabinet with markings show-
ing typical tube lineups or heater pin
connections. R-E

12BE6 12BA6

i7v aC

i

TECH RES 100K /.5W

EACH NEON IS AN NE-2

Fig. 2—With separate lamps for each tube in the string, you can spol trouble quick.

& © © ® a3 ek &
o @B 8 (B (B0 P w00 e P8 e e o

P —

H7VAC

3

!

Fig. 3—When the number of tubes exceeds the number of neon lamps, divide the string
into sections and localize the fault. Then monitor each lamp in the defective section.
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MATV

It’'s Simple

Think of the system

By ERIC LESLIE

WHAT 1S MATV? WELL, WHEN YOU PUT
a coupler-splitter in your house so two
TV sets can share the signal from a
single antenna, you have installed the
simplest kind of master-antenna TV
system. MATYV setups range from this
simple example to complex hookups
using high-gain antennas and preamps
on tall towers to pick up distant stations
for distribution through a building with
several hundred apartments.

To come down to particulars, an
MATYV system consists of an antenna
(or antennas) to pick up the signals;
sometimes preamplifiers, filters, atien-
uators, or traps to strengthen or weak-
cn one or more of the channels or pre-
vent interference between them; imiixers
to combine signals; a /nain amplifier (or
amplifiers) to bring signals up to a high
enough level for distribution; a line (or
group of lines), sometimes with sepa-
rate amplifiers, to distribute the signals;
splirters to divide one line into two or
four, and finally sapoffs on the branch
lines to fecd the individual TV sets.

A practical MATV system may
combine these clements in a fantastic
number of ways: You may be in a
fringe area, with several stations in dif-
ferent directions, or in a suburban dis-
trict with a number of vhf stations all
transmitting from onc mast. Signals
mayv be ¢o weak that a number of
householders have clubbed together to
put up an antenna array that would be
far too expensive for any one of them.
Or vou may be in a large city where
signals are so strong that the sysiem is
installed simply to get pictures free
from strong ghosts. You may have all
vhf or all uhf stations, or you may
have some of each.

So the successful design of any
MATYV system depends on evaluating
the reccivable signals correctly—
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not just the antenna

knowing what you have to work with:
and planning your installation to dis-
tribute them cfficiently—knowing what
to do with vour working material.

Setting up a system

How to find out what kind of sig-
nals there are in your area? First step
is to put up a test antenna (or use one
or more already up). Now things start
to get a little complicated. There are
usually several station signals of ditfer-
ent strengths. You are most interested
in the weuakest one. (It may be ncces-
sary to do something about too-strong
signals later, but that’s a different com-
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Fig. 1—Approximate impedance of stan-
dard types of coaxial cable. Character-
istics may vary slightly with different
brands. The curve for RG-59/U foam is
roughly the same as that for 82-channel.

plication.) If the signals come {rom
difTerent directions, you may need an
antenna for each one. And if there is a
uhf station or two, you will almost cer-
tainly need an antenna for cach one of
them, for best results.

Check the signal strength and di-
rection of cach station. How to get the
figures? There’s only one reliable way—

RADIO-ELECTRONICS
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use a field-strength meter. If you are
making a single installation, borrow or
rent one. But if you plan to make more
installations in the future, you can’t
afford to be without such a mcter. Of
course, one of those small, battery-
operated portable TV reccivers can
give you a fair idea of signal intensity.
It can also tell you whether or not
youw’ve got ghosts—which the field
meter can’t see.

What you're after is rf signal; if
there’s enough on the roof, or some-
where reasonably close above it, then
an MATYV system is practical. If the
signal is too weak, a system isn’t
feasible.

While there are other ways to
conduct a signal search and make a
system estimate, this is the easiest. Get
up on the roof, and take along that
field-strength meter and a portable TV
set. Judging from the pictures others in
the area get, decide whether to try an
antenna with medium or high gain.
You may ecven need a mast-mounted
preamp and a short tower if you're way
out in the deep-fringe area.

Using the field meter, find out how
many microvolts of rf you get on each
channel you hope to use. Then hook
up the midget TV and go over the
channels again. The field meter can’t
sec ghosts; the receiver can. Swing and
reposition the antenna, use the booster
if necessary, but keep trying until you
get the best possible picture on cach
channel. Keep a record of how many
microvolts on each channel, which way
the antenna’s pointing, which antenna,
which preamp, etc.

Don’t forget to recheck the setup
at least once or twice. Check it during
the day and again at night. Check it
today and then tomorrow. You may
find atmospheric variations and have to
pick another spot for the antenna to
get a day-in, day-out stable signal.

Remember, once you establish
that the rf is up there, even if a stacked
Yagi and a high-gain preamp is needed
to dig it out of the noise. only then can
you make the rest of the system. It’s
fairly easy to add line amplifiers to
overcome line, splitter, and tapoff
losses. The hard part is setting up the
head end.

Go to the bottom

The distribution network in an
MATYV installation is calculated from
the far end—the last receiver on the
longest line. There are losses all the way
back to the amplifiers, and you simply
add them up in decibels. (If you can’t
work with dB’s, read the article on
decibels in the February 1968 issue of
RADIO-ELECTRONICS.)

The greatest signal loss in a new
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MATYV system is usually in the distribu-
tion lines. It’s between 8 and 9 dB per
100 feet at 900 MHz in most of the 82-
channel coax now used. (This stuff goes
by various brand names. It has lcss loss
than RG-59/U but is cheaper than
RG-11/U foam.) The loss drops with
frequency, and if the highest channel
you ever expect to have is, say, channel
43, you can figure losses at only 7 dB
per 100 feet (see Fig. 1).

A rough example of a simple
apartment system was calculated in the
article previously mentioned. Let’s try
a more complex one here. This is a
garden apartment development with
four buildings. Two of them have 16
apartments each; the other two have 8
cach. The two buildings in front are 70
feet apart; the other two are 200 feet
behind them. The superintendent’s

The antennas and head-end equipment
will be installed there (unless tests
show much less interference—automo-
tive or otherwise—at the rear).

Stations in range are three: two
vhf and one uhf. The vhf stations are in
different directions, so two antennas
will be needed for them, plus a third
for the uhf station. Signal varies from
20 dBmV (10,000 pV) on one vhf sig-
nal and 10 dBmV (3,000 uV) on the
other to —6 dBmV (500 nV) for the
uhf station. (0 dBmV is, of course, 1
millivolt, or 1000 uV.

Since there is only one uhf station
and no immediate prospect of another,
we can use a single-channel amplifier
for the uht signal. A single broad-band
amplifier can be used for the two vhf
stations. The highest frequency ecver
likely to be used is channcl 43, for

office is in one of the front buildings. which the losses in the 82-channel
UHF VHF VHF
~6dBmV +10dBmV +20dBmv
UHF VHF VHF
35 ANT << NANT <A ANT
ATTEN
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+20d8 " _ e LY
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Fig. 2—The four-building garden apariment installation. The same general ar-
rangement could be used in a small motel or vertically for an apartment building.
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Example of a one-channel, or strip, uhf
amplifier, the Blonder-Tongue MCS-U.

Blouder-Tongue photo

Mast-mounted amplifiers like this may
be one-channel or broadband, uhf or vhf.

Line-extending amplifiers, like the JFD
Line Stretcher above, can maintain mod-
erate signal levels over long distribution
lines. This unit's gain increases with
frequency, to compensate for the ris-
ing loss characteristics of coax cable.

Active splitters. The two-way unit, at
right, has a gain of 2 to 6 dB (increas-
ing with frequency to compensate for the
frequency-dependent cable losses). Gain
of fouraway type, left, is 1 to 38 dB.

Combination tapoff. One-output types,
for 75 or 300 ohms, are more common,
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cable are a little less than 7 dB per each
100 feet.

Standard practicc for many years
was to convert uhf signals to vhf chan-
nels. Amplifiers and coax to efficiently
handle uhf over any long cable runs
were not easily available. This is no
longer true. Also, all new receivers sold
have all-channel tuners, and there are
more stations on the air, making con-
version systems not so practical for the
future.

Plans and calculations

On first looking over the situation,
it appears that two schemes could be
followed. Starting with Building No. 1,
we could run a line to No. 2, then to No.
3 and on to No. 4. Or we could run a
parallel hookup, with one line from
building No. 1 to No. 2 and another to
No. 3 and No. 4. Drawing a few lay-
outs and calculating makes the parallel
method seem preferable.

So we start-—at the last outlet in
Building No. 2—with our terminal tap-
off loss. We can use a 13-dB tapofl here.
Then we have the through (or inser-
tion) loss of the 8 tapofls at, say, 0.5
dB cach. The distribution cable in the
building will lose about 5 dB and the
line to No. | some 14 dB. Here we
lose another 4 dB in the splitter and 5
dB in the line to the head-end equip-
ment. We have another splitter and the
mixer here, about 7 dB. Tabulated, our
losses run:

Terminal loss 13 dB
S tapofls @ 0.5 dB 4
340 ftcable @ 7dB/100ft 24
2 splitters (@ 4 dB 8
1 mixer 3

52 dB

This would call for quite a bit of
power from the head-end amplifiers,
and might mean very heavy signals to
the receivers nearest the head end, with
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weak ones near the end of the line.
Fortunately, the line-extending ampli-
fier, or line siretcher, makes it possible
to avoid that. A small transistor ampli-
fier inserted near the end of the line
brings the signal up 10 or 15 dB, de-
pending on whether it is designed for
both vhi and uht or for vhf only.

With a line extender giving 10 dB
gain, we can start at the head end with
a little more than 40 dB, or only about
one-quarter the voltage that would
have been required for a 52-dB level.

So we tabulate our gains: For the
uhf channel, where losses will be high-
est, we have:

Antenna signal —6dB
Antenna preamp +20
Main amplifier +30
Line stretcher +10
+54 dB

which will give us an extra 2 dB
of signal at our last set on the
line.

The logical place for the line
stretchers would scem to be in Building
Nos. 2 and 4, where a boost will be in
just the right place to give enough signal
to the last set. The whole plan will then
look like Fig. 2.

The vhf side

Now, how about that vhf signal?
Input level is higher and line losses
lower. Will we have overloading? Dis-
tortion? Crosstalk? As a start, we put a
10-dB attenuator in the lead from the
antenna with 20 dBmV signal, bringing
the level to the same as the other. Out-
put will now be +37 dBmV from the
main amplifier. boosted by another 10
dB at Building Nos. 2 and 4. The main
ditference in loss will be in the cable,
where we will have about 3.5 dB Joss
per 100 feet, instead of 7. This will
mean a higher, but tolerable signal,

(continued on page 91)
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Five-transistor broadband uhf amplifier.
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By J. F. STERNER™

IF YOU HAVE TRIED TO MEASURE HALF
an ohm (or less) on your vom, you
probably gave up fast. On the typical
20,000-ohms-per-volt vom, the 1-ohm
division occupies about Y4 inch of the
scale. Reading tenths of an ohm on
such a scale is chiefly guesswork.

This R-scale divider expands the
R X 1 scale by a factor of 10; a 1-ohm
reading occurs at the [0-ochm mark.
The other readings follow suit—the
original l-ohm mark becomes 0.1
ohm, and the 30-chm mark becomes
3 ohms.

The divider is very useful for
checking mechanical ground connec-
tions on chassis of hi-fi sets and ham
gear, for relay contacts, for connections
in coaxial cables, and even for ground
connections in automobiles. You can
use this accessory with an RCA WV-
38A or a Simpson 260 (Series 3 or
later) vom, or any other vom with a 50-
pA range and an R X 1 scale similar to
the above.

* Electronic Components and Devices Div., RCA,
Harrison, N. J.

BLACK A I5K/1/2W ZERO SET
TEST LEADS RI

N°[4 AWG WIRE 19

20"MAX LENGTH " SEE PARTS LIST

+

.VOM

BUILD:

RESISTANGE-SCALE

How to get

DIVIDER

a 0.1-ohm reading

on a 1-ohm spot

There’s another advantage in this
divider: It’s more accurate than the
usual vom’s low-range ohmmeter
scale. Since most vom’s use a single D
or Ccell on the R X | range, accuracy
depends greatly on the internal imped-
ance of the battery. The R-scale di-
vider uses four D cells in parallel,
which means one-fourth the usual in-
ternal impedance. Thus overall accu-
racy is about four times that of the
usual vom.

Construction

You couldn’t ask for a simpler
piece of gear to wire (Fig. 1). The
divider is built in a plastic utility box
(Fig. 2), with the four D cells nesting
in the bottom. Although you can use
small wire to connect the divider to the
vom, you must usc /reavy rest leads to
connect to the unknown resistance.
Usc at lcast No. 14 wire and make the
leads no longer than 20 inches. Carry
the same wire back to the batteries and
solder directly to the cells. Be sure to
make good solder joints at the bat-
teries and at the terminal strip where
R1 is connected. Short-circuit current
is 1.5 amperes, so circuit resistance
must be as low as possible.

For best results, use good alliga-

VOM (20KQ /V)
& —=|| Fig. 1—Divider has
(x only 3 resistors and
N%‘A 4 flashlight cells.
C(_)_M

N
RED +1 I_

1.5V (BI)
(4"“D" CELLS IN PARALLEL}

Parts List

B1—1.5-volt D cells. (4 reqd.)

R1—1-ohm, 1%, 5-watt resistor. (You can
make your own, by winding a sufficient
amount of fine copper wire arocund a
high-value 2-watt resistor.)
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\(WIRE SIZE 8 LENGTH NOT CRITICAL

R2—15,000-chm, Y -watt resistor

R3—20,000-chm, linear-taper potentiometer

MISC—174" x 334” x 614" plastic utility box
with cover; 2 3-lug terminal strips; 2 al-
ligator clips; 2 plugs to mate with vom
input jacks; grommets, wire, etc.
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tor clips. The clips should have strong
springs and clean jaws, to make good
contact with the unknown resistance.

Operation

Plug the positive (red) divider-
to-meter lead into the 50-pA input of
the vom; insert the negative (black)
lead in the vom common input jack.
Set up the vom on the 50-pA dc range.
Then short the test leads of the divider
and adjust the ZERO SET pot (on the
divider) for full-scale (zero ohms)
reading on the vom. External resis-
tance values measured will then equal
one-tenth the values printed on the
R X 1 scale.

Special considerations

The R-scale divider should be
used only to test circuits capable of
accepting high test currents. As men-
tioned before, short-circuit current is
1.5 amperes. The current flowing
through a 1-ohm external circuit is 750
mA at 0.75 volt: that through a 3-ohm
circuit is 375 mA at 1.125 volts.

Such high current is desirable for
testing supposedly low-resistance con-
nections on contacts. Even a low resis-
tance will show a prominent reaction to
a high current. R-E

Fig. 2—Use short heavy leads to connect
the batteries and the alligator clips.
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Courtesy Beckman Instruments, Inc.

DH METER REPAIRS ARE A GINCH

It’s a supersensitive VITVM with superclean probes

By JOHN W. DIETRICH

THE pH METER 1S PROBABLY THE MOST
common electronic instrument in any
well-equipped chem lab (industrial, re-
search, educational or whatever).
While, unlike TV sets, not every fam-
ily is likely to have one or two, it seems
safe to say that every firm that does

Fig. 1—Simple dc differential amplifier
is basis of shop vtem as well as high-
sensitivity circuit in the pH meter.

serious chemical laboratory or manu-
facturing work will have at least one.

So what is a pH meter? For that
matter, what is pH?

The pH unit is a measure of rela-
tive acidity or alkalinity of a solution.
It is somewhat analogous to the decibel
in acoustics and clectricity. Like the
dB, it is logarithmic. (For a more de-
tailed explanation of pH, see Measur-
ing pH.)

A pH indication of 7 is established
as neutral (that is, the solution is nei-
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ther acid nor alkaline or basic). A pH
of zero to 7 indicates an acid solution;
a pH of 7 to 14, an alkaline (basic)
solution.

The precise measurement and
control of pH has become extremely
important in many aspects of chemical
work, perhaps especially so in biologi-
cal, medical and agricultural fields.

The meter part of the pH meter
is little more than a sophisticated and
very precise vivm, using circuitry simi-
lar to that of your shop vtvm. The
unique instrumentation of the pH me-
ter is in the probes, which gencrate a
very tiny emf that depends on the rela-
tive acidity or basicitv of the solution
they are immersed in.

Because the probes arc extremely
delicate devices, there is little you can
do for them by way of servicing or re-
pair. On the other hand, they are usu-
ally built to last. Unless they are
dropped or otherwise seriously mis-
handled, they will give little trouble.

Because the pH meter deals with
micromicroampere currents, the vtvm
circuitry associated with it must have
extremely high input resistance or it
will simply short-circuit the measured
voltage source. The typical vtvm has
about 11 megohms input resistance.
The better general-purpose lab meters
have as much as 110 megohms. You
will recall that an ll-megohm source
of voltage when bridged by an 11-

v2
EZOK‘ TKIZAX_I V\i\K, -
/ %SGOK VR-150 (
rsoox} BAL
s POWER
8uF tISUPPLY
asov T
2.2 MEG
12K VR-105
%sex B
)
Vi
ME-1400 v
T ME-1400
| 4 10
J
= SQuror 1o
METER

Fig. 2—Circuit of a typical pH meter. Note balanced arrangement and location
of balancing and zeroing adjustments. Meter movement (standard) is not shown.
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megohm meter “looks like” only half
the voltage that would be there without
the meter. Thus, to measure voltages
from glass probes whose resistance is
around 500 megohms or higher, the
meter input resistance should be
around 1000 megohms or better.

Usually a balanced meter circuit
is used to compensate for slight drift
in the meter components. This is typi-
cal of ordinary vtvm design, as well as
of pH meters that usc dc amplifiers
The milliammeter is usually connected
between the cathodes of two balanced
triodes, typically 12AU7’s or [2AXT7’s,
as shown in Fig. 1.

No fingerprints

The pH meter is highly sensitive
to leakage in input-circuit components,
due for example to minute amounts of
dirt or to fingerprints. The insulation
must be perfect. even in considerable
humidity. The modern pH meter is
sensitive to currents as small as 107"
ampere! (This amounts to only 64
electrons per second flowing in the
probes!)

The electrometer tube makes this
high sensitivity possible by its special
design. A grid current of 1 pA (1 pico-
ampere, or 1 micromicroampere) pro-
duces a 1-volt drop across 10" ohms.
Therefore the clectrometer grid cur-
rent must be much lower if bias is to
be reasonable and under control. De-
sign of the electrometer tube and its
operation stresses absolutec minimum
grid current. The tube is highly evacu-
ated to minimize ion effects on grid
current. A number of the more com-
mon electrometer tubes are listed in
the table, along with base diagrams
and some typical operating voltages.

Glass resistors

Grid resistors for electrometer
tubes are often switched to provide
several input resistances. Typical val-
ues are 100, 1000, 3000 and 10.000
megohms. The resistors are glass-
encased for stability and low leakage.
Handle them by their wire leads.
touching the glass as little as possible,
for any leakage path shunts the re-
sistance. Be sure to wipe dirt and
fingerprints from the glass with a clean
cloth and alcohol when work is com-
pletely finished.

Electrometer plate voltages are
usually in the 5- to 15-volt range. The
low voltage keeps electron velocities
in the tube low and prevents gas ion-
ization and secondary emission. The
filament is operated at low voltage to
minimize heating of grid wires and
photoelectric effects. Electrostatic and
light shielding must be good, or the
few microamperes of plate current will
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centration.

The acidity or alkalinity of a solution is gauged usually by the concen-
tration of hydronium ions (formula H,0*) in the solution. The pH unit in-
dicates that concentration, and is defined by this equation:

1
H=log —,
p gh

where h is the hydronium-ion concentration, and “log’’ is the common loga-
rithm of the fraction (1/h)—Ilog to base 10.

Pure water is neutral at 77°F and has pH of 7. A pH of zero is defined
as an acid of unit strength; a pH of 14 is defined as a base of unit strength.
A change of one pH unit corresponds to a change of 10 in the ratio of con-

The drawing shows the basic scheme for measuring pH with the so-
called glass electrode. The glass membrane surrounding the measuring
electrode is extremely thin—around 0.1 mm, and has an electrical resistance
of somewhere around 1000 megohms. It is part of the electrical circuit, and
thus the current that can be drawn from the cell is very tiny. Hence the need
for an electronic measuring instrument with unusually high input resistance,
as described in the body of the article.

not be truc copy of the grid voltage
applied by the probes. A gain of 2 or
3 is common, with clectrometer plate-
load resistances of 500,000 ohms typi-
cal. The clectrometer grid circuit has
a large time constant—the product of
the high resistance and the grid-to-
cathode capacitance of the tube.

Fig. 2 shows a typical electrom-
eter circuit. The Mullard type ME-
1400 tube is used in a balanced input
circuit. Operating-voltage variations
and aging are neutralized in this way.
The zErO control is adjusted for a pH
reading of 7 at the start of mcasure-
ments. The probes are placed 1in
“pure” water for this adjustment in the
lab. The service tech may simply short
the input jack, omitting the probes.

A change in plate current of V1
when a dc voltage is applied to its grid
changes the voltage between points A
and B. The attecnuator network at the
output is the calibration resistance for
this unit. (No values are shown be-
cause they vary with each instrument.)
Although Fig. 2 shows a dc amplifier,
some pH meters may use ac amplifiers
with a chopper at the input. The prin-
ciple is the same in both cases.
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One pH meter uses a 12AX7 as
the clectrometer tube. The input re-
sistors are limited to 2000 megohms
because a true electrometer tube is not
used. This limits the input sensitivity
to a degree, but is entirely practical.
If high input sensitivity is not impor-
tant, any good vtvm may be used as a
pH meter of sorts.

Now, solid state

Until recently, no transistor could
approach the extremely high input re-
sistance of the electrometer tube. An
IGFET (insulated-gate ficld-eflect
transistor) now does the job, however.
The type 2N3796 can be used in a very
compact and portable pH meter.

The pH meter can be serviced as
easily as your vtvm, if you remember
the critical points of the electrometer
circuit. They are: high input sensitiv-
ity, very low operating voltages and
excellent insulation. If you receive the
probes with an instrument for repair,
isolate the trouble to either probes or
clectronic circuit. Frequently the
probes are at fault. A good ground or
a clean shiny contact surface mean
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ELECTROMETER TUBES

!
Type Mfr. E k.

VX-41A/5800 Victoreen‘ 1.25 10 5

32,931, | |

932, 2532 | Beckman ‘ 1.5 60 15
1229 Gamma | 2 60 | 15

ME-1400 | Mullard 4.5 32 15

CK-5886 Raytheon 1.25 10 12

CK-5886

1.25 10

| E¢ | Ep In
{volts) (mA) | (volts) | (uA)

10.5 |

(v::ﬁtls) (Vi?fs) | Base Remarks
| -8 1_4 11
200 | —2 6 I 2
200 i 2 il _6 ) o | See ngkman
200 | —3 12 | 3 1 o
6 —2 4.5V 4 As pentode
200 ‘ —3 — As triode

little to those who use the instruments,
so green, corroded contacts are com-
mon. Bad cable grounds are even more
common. Either can produce more

voltage by electrolytic action than the
probes can develop. Burnish the con-
tacts to a shine, and clean the insula-
tion with alcohol.

Isolate the trouble by removing
the probes and shorting the pH mcter
input. If the zERO control is effective
and the meter can be zeroed, chances
are the meter is okay. If not, the
trouble is in the instrument and not in
the probes. Double-check by switching
the meter to the #=700-mV range and
apply a millivolt calibration source, a
known voltage to make the meter read
between half and full scale. The meter
should indicate the applied voltage ac-
curatcly.

Meter trouble

If the instrument is not ac-pow-
cred, check or change the batteries.
Test tubes by substitution with new
tubes. Be sure to wipe the electrometer
tube’s glass envelope clean with alco-
hol. Then dry it free of dirt and finger-
prints. Troubleshoot by starting with
the milliammeter and working toward
the pH meter input. Look for balanced
voltages if the tubes are in pairs. Re-
member the instrument is merely a
current amplifier. Use your vtvm and
check for low plate and screen volt-
ages on the clectrometer tube(s).
Watch for extremely small (very-high-
resistance) leakage paths in the elec-
trometer grid circuit.

Make sure the input jack has
bright shiny contacts and the insula-
tion is good. Many corrosive materials
are splashed around in the lab. and
corroded contacts are probably the
prime cause of trouble. R-E

NEWS BRIEFS

(continued from page 2)

manium.) In 1948 Shockley patented
the junction type. (A single bar is
used, composed of three layers of al-
ternately positive or negative semi-
conductor material.) Today the point-
contact type is necarly obsolete, while
virtually all transistors are junction
types. (An exception is the insulated-
gate, field-effect transistor.)

In 1956, Bardeen, Brattain and
Shockley won a Nobel prize for their
discovery of the transistor cffect. To-
day the three physicists are college
professors.

Mecanwhile, the transistor has
grown from a laboratory curiosity to
what is probably the most important
and widely used electronic device.

In most areas of electronics. tran-
sistors have almost completely re-
placed vacuum tubes. The trend to-
ward miniaturization has continued
with several transistors being encap-
sulated—along with other compo-
nents—in a tiny IC. Photo shows base
of a vacuum tube (left), a transistor
(center), and an IC (right).

In its 21st year, the transistor has
really come of age.

E. N. PICKERILL DEAD AT 82

The man who held wireless li-

cense No. 1 issued by the U.S. Govern-
ment, died of a heart attack in January
at his home in Mineola, N.Y.

Elmo Pickerill learned radio from

Marconi and de Forest, and flying

from the Wright brothers. He met Dr.

www americanradiohistorv. com

de Forest in 1904 and became inter-
ested in the then-new art of wireless
telegraphy. Later he built and oper-
ated the first wireless station atop New
York’s Waldorf-Astoria hotel. He was
a ship’s radio operator for many years
and served in the Signal Corps during
World War 1.

Wanting to prove that radio could
link aircraft with the ground, he per-
suaded Orville and Wilbur Wright to
teach him to fly one of their planes.
Flying solo on August 4, 1910, he
transmitted the first wireless message
from an airplane. Later he became a
barnstorming pilot and chief pilot for
RCA, where he worked from 1920 to
1950. As early as 1925, he foresaw the
importance of radio to aviation, pre-
dicting that successful airlines would
depend on radio for their operation.

Pickerill was the recipient of
many awards in both radio and avia-
tion. At his death, he was a past presi-
dent and present director of the Vet-
cran Wireless Operators Association,
past president and present secretary of
the de Forest Pionecrs, and a member
and former officer of several aviation
societies. R-E
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HOW TO USE A DE-Q’er

How to peak up a receiver

By LEONARD E. GEISLER

SHORT LEAt) LENGTH

1K ‘ ]_csmch

14w .01/500V
CARBON

MINICLIPS

Fig. 1—The DE-Q-ER is used to sharpen
the resonant point of the i.f. transformer
windings during the alignment procedure.

MAX !
~-— FLAT TOP
RELATIVE]
OUTPUT | <—STEEP SIDES

«~ NARROW SKIRTS

MIN

Flow Fecent  Fhion

Fig. 2—~Ideal if. amplifier response—
steep synunetrical sides are indicative
of good adjacent-channel selectivity.

MAX !
o ~— LOP-SIDED TOP
? (AF DISTORTION)
’ {I.E MAY OSCILLATE)
RELATIVE !
QUTPUT S T BROAD
) {POOR SEL)
'l
[
U
MIN (® 1 *a

Flow Fcent Frigy

Fig. 3—Tuwo possible variations of i.f. am-
plifier alignment caused by winding inter-
action, bandwidth too broad or lopsided.
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Problem

Some communications and other type radio receivers seem
impossible to align properly despite careful observance of
ordinary alignment procedures.

Cause

Interaction and close coupling of ‘coils in i.f. transformers
tend to mask the actual resonant point of each winding, and it
is sometimes difficult to pinpoint a peak reading within a nar-
row adjustment range. Loss of gain and poor selectivity are
typical characteristics of a lop-sided or too wide an i.f. band-
width. Distortion and loss of clarity set in when the bandwidth
is too narrow. Not all receivers are designed to have the same
bandwidth. But in order to get the receiver to do what it is sup-
posed to, it is necessary to have it properly atigned.

Solution

Follow the alignment instructions if available, and use the DE-
Q-ER shown in Fig. 1. Shunt the primary winding “of the if.
transformer to be adjusted with the DE-Q-ER and peak the
secondary winding to the intermediate frequency. Switch the
DE-Q-ER position to the secondary and peak the primary. Re-
peat these adjustments for the other i.f. transformers. In the
case of broadbanded i.f. strips, having stagger-tuned, high-
gain i.f. tranformers, as in some FM receivers and TV sets, the
DE-Q-ER will help keep the set from breaking into oscillation
during the alignment procedure.

Result

The i.f. passband should now have a relatively symmetrical
response curve as shown in Fig. 2. Actual waveform depends
upon transformer design. If you are using a visual alignment
technique (scope and sweep generator) you can retouch the
adjustments to optimize the response curve.

Discussion

Mutually coupled circuits—such as those found in i.f. trans-
formers—react strongly when tuned close to resonance. The
DE-Q-ER broadbands the winding it shunts and tends to make
the coil look more like a resistive rather than an inductive
device. Under these conditions, signal transfer is due to stray
capacitance between primary and secondary windings, and
interaction between coils is reduced considerably. The un-
shunted winding can be more accurately peaked at the de-
sired frequency.

Several ac/dc table model radios, a transistorized all-wave
receiver and some ‘‘antique’ car radios which formerly
whistled and chirped have been quieted with the aid of the
DE-Q-ER. This method of alignment is not new, and there is
a feeling shared by some, that, “if it's good enough for grand-
pa, it’'s good enough,”’ R-E
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How To Build A Crossover Network

Use a nomograph and skip the math

By MAX H. APPLEBAUM

AN OLD ADAGE STATES: “A CHAIN IS
only as strong as its weakest link.”
Similarly, the frequency bandpass of
an audio system is only as wide as its
narrowest component.

Your amplifier and speakers may
separately have flat responses beyond
20 kHz, but if the wrong frequencies,
in the wrong proportions, are fed to
cither woofer or twecter, decreased
bandwidth and/or distortion may be
the result. If the speakers are driven to
full power ratings at frequencies out-
side their normal range, their voice
coils may overheat. If too much
low-frequency energy is fed to the
high-frequency speaker, and some
high-frequency cnergy fed to the low-
frequency speaker, the overall efficien-
cy of the unit will be reduced sub-
stantially.

Obviously, a properly designed
and built crossover network is not only
desirable, it is necessary.

Circuit function

Crossover networks are built in
many different configurations. The
simplest type is a single capacitor
shunting the woofer in a series-con-
nected woofer-and-tweeter pair (Fig.
1). A more complex typc consists of
two separate pi-scction filters, one
high-pass. the other low-pass (Fig. 2).

When crossover networks are
used, each speaker is supplied with a
certain range of frequencies, in vary-
ing degrees of amplitude. Typical
crossover plots are shown in Fig. 3; the
curves reprcsent relative attenuation
versus the ratio of the actual frequency

Td
TWEETER

c
WOOFER

Fig. 1—Simple crossover circuit
a single capacitor; to keep the highs
out of the woofer. Slope is approxi-
mately 6 dB/octave . . . just a bit too
gentle for best high-fidelity work.
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CROSSOVER NETWORK
Fig. 2—Double-pi network usually has a
cutofl rate of about 18 dB/octave. This
may be too steep for some applications
because of excessive phase shift above
and  below the crossover frequency.

to the cutofl frequency, for various
rates of attenuation. Curves are drawn
for both the woofer and tweeter out-
puts at cach rate of attenuation which
results from crossover networks nor-
mally used.

Crossover frequency (f¢) is de-
fined as that frequency at which the
power delivered to both speakers is
cqual. This usually occurs with a 3-dB
attenuation in power at cach speaker,
assuming an ideal network having no
loss. The rate of attenuation is given in
dB per octave. where an octave is de-
fined as that range in which the fre-
’(igcnc'y is either doubled or halved.
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CROSSOVER NETWORK
Fig. 4—The 12 dB/octave crossover
network shown here is a happy medium
between circuits that do too little, and

those that do too much. Phase shift
tiwo  octaves ahbove and helow the
crossaver frequency is about midway
betiwween the 180° for 18 dB/oc-

tave and 90° for 6 dB/octave networks.

The simple capacitor circuit of
Fig. 1 provides attenuation with a
gradual slope or rate of attenuation of
6 dB per octave. On the other hand,
the complex network of Fig. 2 pro-
vides a sharp slope of 18 dB per oc-
tave. Each has a certain disadvantage.
The single capacitor may not remove
cnough of the high frequencies from
the woofer, while the sharp slope of
the complex network may cause too
much phase shift.

One of the most popular nctworks

(Text continued on page 81)
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Fig. 3—Crossover curves showing 6, 12, and 18 dB/octave rate of cutoff. The cross-
over frequency is the frequency of the tone both speakers reproduce equally.
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By LYMAN E. GREENLEE

USEFUL FOR TRANSMITTER TUNEUP,
troubleshooting a rig or just making
sure you're radiating full power, this
field-strength meter FSM employs only
one field effect transistor (FET) and
a minimum of parts. It can be used in
several radio services, as it covers the
range of 10-250 MHz. Also, it’s small,
portable and battery-operated, simple
to assemble and easy to use.

BUILD:

The device is sensitive—a
100-mW transmitter will throw the
meter off scale at distances up to 10
feet with no antenna.

As shown in Fig. 1, the FET-FSM
consists of a tuned circuit plugged into
a high-impedance voltmeter. A set of
six coils covers the range from 10 to
250 MHz.

Incoming rf from the tuned cir-
cuit is rectified by diode DI, and re-
sidual rf is filtered by pi-section filter
RFC1-C3-C4. The resulting dc is
applied to the gate of QI, which is
used as a variable resistor in the meter
bridge circuit. Potentiometer RS is the
meter zero adjustment, while D2 lim-
its meter current to about 12 times
full-scale value, or 75 to 100 pA. This
avoids meter burnout by overloading.
To prevent Q1 gate from floating, a

e S|
| ?N-‘l ON-OFF
| ol | IN82A RFCI _
| pildr D Bl
a2y
| Ll | +
| e80pF i
| P2 é th
L——=4 RS S ®SET R2 AT 1.2K- SEE TEXT

L1,C1,C2 -SEE TABLE

D

a G
u

112 BOTTOM VIEW

Fig. 1—Ql—an FET—makes the voltmeter high impedance. Rf induced into hi-Z
tuned circuit L1-C2 produces a voltage which is indicated on meter in bridge.
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transmitters .

FET Field Strength Meter

Sensitive enough to check all

. . tunes 10 to 250 MHz

10-megohm resistor (R1) is used.

This circuit is ideal for modifying
an existing field-strength mcter; com-
ponents are small and will probably
fit inside present cabinets.

Design tips

Mount the tuned circuit com-
ponents on a 2”7 x 2” piece of Bake-
lite. Each coil (L1) is connected to a
pair of banana plugs that fit jacks J1
and J2 on the meter case. Be sure to
use nylon jacks—as specified in the
parts list—for proper frequency cov-
erage.

Resistor R4’s value is chosen to
place the zero set position in the mid-
dle of RS5. If the zero point falls at
one end of RS, increase or decrease
the value of R4 to move the zero point
toward the middle of R5’s range. It’s
best to complete assembly and then
sclect the value of R4.

Set R2 at 1200 ohms before in-
stallation. After the circuit is work-
ing, make final adjustment of R2 by
inserting a 0-100-uA meter in series
with the 0-50-pA meter. Then adjust
R2 for full-scale deflection of the
100-pA  meter. Adjustment is not
critical, however; the 0-50-pA meter

Parts List

B1—Battery, 4.2 volts, mercury (Burgess
H133, Everyready E133, Mallory
TR133, or similar).

Cl1, C2—See table

C3-—680-pF silver mica capacitor

C4-—0.001-uF, 100-volt Mylar capacitor

D1—1N82A diode

D2—1N456 diode

J1, J2, J3—Banana jacks, nylon (E. F.
Johnson 108-902 or similar)

M1—Meter, 0-50 uA (15" square)

P1 through P12—Banana plugs (H. H.
Smith 102 or similar)

Ql—P——channel junction field-effect tran-
sistor, Siliconix U-112. Available for
$4.75 postpaid from Elcom Elec-
ironics Inc.,, 170 Central Ave., Far-
mingdale, N. Y. 11735.

R1—10-megohm, 's-watt resistor

R2—5000-0ohm miniature potentiometer
{Mallory MTC-1 or similar)

R3—5600-ohm, Y,-watt resistor

R4—510-ohm, Y,-watt resistor

R5—1500—-0hm potentiometer

R6—4700-ohm, Y-watt resistor

S1—S.p.s.t. slide switch

MISC—Aluminum box, 24" x 2Y,” x §”;
socket for Q1l; 1 piece linen Bakelite
1/16” x 1%” x 2Y"; 6 pieces linen
Bakelite 1/16” x 2” x 2”; 6 pieces
aluminum as shown in Fig. 4; ter-
minal strip; CB walkie-talkie whip.

RADIO-ELECTRONICS
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Fig. 2—Home-brew Bakelite circuit board and point-to-point wiring.

will stand 100% overload without
damage.

Decreasing the value of RI1 will
give better stability but less sensitivity;
increasing the value of R to, say, 20
megohms, will increase sensitivity at
the expensc of stability. If you plan to
use the meter to measure strong sig-
nals, reduce R! to 5 megohms. For
weak-signal use only, increase Rl to

as much as 20 megohms.
Construction

Lay out and cut the mounting
holes in the front of the aluminum box.
Be sure you allow space for the battery
under R5 (Fig. 2). Note that the wir-
ing tie mounts between the two nylon
banana jacks so that C3 can be kept as
close as possibie to DI, and all the
lcads can be made very short.

Cut and drill the circuit board as
shown in Fig. 3. You can use Vector,
Useco or similar terminals to support
components. The miniature potenti-
ometer (R2) is mounted by simply
inserting the three prongs into the
board. It will be held firmly in place
when connections are soldered under-
neath the board. You can use a socket
for the FET, or you can solder it
directly into the circuit. However, if
you use the socket, it will be easy to
replace or substitute the FET.

Make up the aluminum bracket
shown in Fig. 3 and attach it to the
circuit board with two 4-40 machine
screws and nuts. Install all compo-
nents on the board and do all wiring
hefore mounting it in the case. Install
wires to the meter before you mount
the board. Now bolt the board to the
case with two more 4-40 machine
screws and finish the wiring of the rest
of the components; finally, make con-
nection to the board. You will have
only four wires going to the board: DI
to RFCIl, meter plus, meter minus,
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common ground, and a wire to Sl
from the QI drain.

Refer to the table for tuned-
circuit details. Each tuning unit is
mounted on a 2” x 2” piece of

Bakelite drilled as shown in Fig. 4. Be

sure the two holes for the banana
plugs permit a proper fit for banana
jacks J1 and J2 previously mounted on
the front of the box. Cut the 2”7 x 2”7
pieces of Bakelite to size and stack-drill
all of them at once.

Now make the 6 aluminum angle
brackets (Fig. 4) to hold and protect
the tuning capacitors. Stack-drill these
to save time and obtain uniformity of
all pieces.

Coil No. 1, for 10-23 MHz, is
wound on a Miller slug-tuned form
with 30 turns of No. 26 enamel wire,
close-spaced (Fig. 5). This coil is
also tuned with a 4-30-pF trimmer
connected directly across L1. Mount
this trimmer directly across the two
banana plugs so that it is accessible
from the top for tuning adjustments.
The coil form is mounted in the %"
hole used for mounting the variable in
the other five tuning units. The double
tuning (capacitor and slug) is neces-
sary to cover the range from 10-23
MHz.

Coil No. 2 consists of nine turns
cut from a B & W Miniductor No.
3015. Solder the coil directly to the

Fig. 3—Circuit board and hole dimensions. Board mounting bracket is made of

aluminum, folded and drilled as shown to wmount on end of cabinet.
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banana plugs. The tuning capacitor is
a Hammarlund MAC-30, and the
coupling capacitor to the antenna is 10
pF. Construction ot coils Nos. 2 to 6
is essentially the same except for CI.
This coupling capacitor is 10 pF for
the first three coils. None is used for
coil No. 6, and a “gimmick” is used
for coils Nos. 4 and 5. The “gimmick”
consists of a short piece of insulated
hookup wire soldered to the antenna
jack and wrapped around the “hot”
side of the coil banana plug as shown
in Fig. 5.

In most cases, the antenna will not
be needed. Tt plugs into J3, and nearly
any 27-MHz walkie-talkie antenna
may be used. Get one with a banana
plug (or bholt it to a banana plug) to
mate with J3 on the tuning assembly.

The ficld-strength meter may be
used as an untuned indicator by plug-
ging the antenna directly into J1. It
will be desirable to connect an un-
tuned rf choke between JI and 32 if

COiL 4
68-123 MHz "GIMMICK" (CI)

COIL S
15-195 MHz

COiL &
175-225 MHz

P2

COll. 2 E coiui ColL 3

18-35MHz 10-23 MHzZ 34 TO 70MHz
Fig. 5—Six tuning assemblies cover range of 10 to 250 MHz. Each is
adjustable by means of a trimmer, so you can peak the transmitter reading.

the meter is to be used untuned for
measuring strong signals from a near-
by transmitter. Size of this choke will
be governed by the frequency.

Fig. 4—DMake six of these pieces of Bakelite to mount the tuning assem-
blies. Square pieces are Bakelite; others are aluminum stock.
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Tuning stub for vhf

Insert two vertical wires into J1
and J2. Space them about 27 apart.
You can use No. 12 or 14 bare copper
wire to make these. They should be
about 127 long. To tune, run a short-
ing bar up and down the two parallel
wires. This arrangement serves as a
tuner and antenna at the same time.
You will be tuning a Y4 -wave stub,
and the highest usable frequency will
be determined by how close you can
get to DI with the shorting bar. This
type of tuning is excellent for 450-
500-MHz frequencies. A regular coil
and capacitor tuner is good only up to
250 MHz or slightly beyond, because
of the high minimum capacitance of
the components. R-E

COIL DATA FOR 10 to 250 MHz:
COIL L1, CAPACI-
NO: TURNS DIA, TANCE, C2, pF: C1
MIN. MAX.
1 30 Yo ® 4 30 10 pF
2 9 1% 3 32 10 pF
3 5 34D 3 32 10 pF
4 5 E 202L B 2HN5] FeGE,
5 3 %” 19 158 ‘G
6 1 14 1.9 158 NO
NOTES:

**Use J. W. Miller No. 4400-2 coi! form.

{30 TURNS No. 26 enamel wire.)
fCut B & W Miniductor No. 3015 to size.
¢ Cut B & W Miniductor No. 3011 to size.
“G’" Refers to *‘gimmick’’ capacitor, i.e. a
loop of wire around one banana plug
at “hot” end of L1, soldered to an-
tenna jack, J3. NO gimmick capaci-

tor used on coit No. 6.

Coil No. 1 is slug-tuned with a 4-30-pF trimmer

in parallel. Indicated frequency range is
achieved by tuning with both slug and
trimmer.

Other coils are tuned with air capacitors such
as Hammariund MAC series or E. F. Johnson
M series variables.

Use No. 18 bare copper wire for winding coils
4, 5 and 6. Make the space between turns ap-
proximately wire diameter. and squeeze coil
for final frequency adjustment. Diameter
shown in above table is outside diameter of
the winding form. A pencil or bailpoint pen of
the correct diameter makes a good form to
use when winding these coils.

RADIO-ELECTRONICS
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Digital Computers At Sea

MARCH

1968

By CLEMENT S. PEPPER

ABOUT THREE-FOURTHS OF THE EARTH’S
surface is covered by water to an av-
erage depth of about 15,000 feet—a to-
tal of 575 million cubic miles. That’s a
whale of a lot of water, but only re-
cently has it become of more than cas-
ual interest to more scientists. As the
scientists discover more benefits from
the oceans for dcfense. food, oil and
minerals, their interest deepens.

Scientific curiosity becomes intense
as men secek to identify and catalog
previously unknown characteristics of
the sea. Important measurements now
regularly include temperature at and
below the surface, sound velocity under
various conditions, salt content. pres-
sure. ambient-light intensity. magnetic
field, gravity and sea-floor properties. In
general. these measurements are made
with great accuracy.

Nearly all oceanographic instru-
ments in common use until recently
were analog devices. They consisted of

an output-recording device—a chart re-
corder, for example—fed from a sensing
transducer through a linear amplifying
system. They generally record from one
source and cannot cope with the enor-
mous task of gathering the nceded in-
formation.

Any environment as complex as the
sea requires multichannel, multi-use in-
struments capable of storing enormous
quantities of data. By multiplexing, a
single digital recorder can collect and
store data from many sources. What’s
more. information recorded in analog
form is subject to distortion and must be
converted to digital equivalents before
any kind of computer can process it. The
technique is slow and tedious. often be-
coming another source of error.

In spite of their obvious advan-
tages, digital systems are only now com-
ing into common use. The reasons for
the delay are simple. Digital systems
are complex, expensive and little under-

PARITY
GEN
T RECORDING HEAD
INPUT I = |
2 CHANNEL ANALOGS s-aT 2
5 SEL HATERL REGISTER [~
ATy Sory - HEAD 2
=
¥ [: GATING DRIVERS ;‘
4-81T
Eihe 6
REGISTER [ e
cLOCK SEQUENCE
I00KHZ DECODING
—>1 DRIVE
. MOTOR
-
START PULSE ROWER TIMER =
puLse | | =1 strercher CONTROL
L 46V
21V DC-DC ==at 4
- cony |— REGULATOR |— L &Y
| GND

Fig. 1—Block diagram of digital recorder.

form prior to recording, much time can be

By concerting data from analog to digital
saved and computations are more accurate.
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Photos courtesy of University of California, San Diego Scripps [nstitution For Oceanography

Digital recorder measures 22" long by 638" in diameter. Baitery pack is good for more
than 15,000 data entries. Recording head and tape-loop assembly are in center section.

stood. Technicians capable of main-
taining them are hard to find. Off-the-
shelf digital recording systems have
been designed for use under ideal labo-
ratory conditions.

By contrast, in deep-sea applica-
tions, special packaging, very low power
drain and nonstandard operating se-
quences frequently are required. Addi-
tionally, most equipment available until

Endless tape removed from recorder. The
7-channel head is on the arm next to tape.

recently had to include an analog-to-
digital converter. Finally, the scientist
wants to observe collected data at sea
in its reduced form, and shipboard com-
puters, until recently, have been rare. As
more computers go to sea, the use of dig-
ital equipment undoubtedly will increase.

Digital-system versatility

Sampling techniques permit a sin-
gle digital recorder to store data from
dozens of sources. A good example is
the general-purpose buoy developed by
Convair Div., General Dynamics Corp.,
under sponsorship of the Office of Na-
val Research (ONR). The buoy has
been designed for unattended record-
ing, remaining active for periods of
more than a year. It is large—40 feet in
diameter by 7.5 feet thick—and its data
system can handle 100 separate inputs.
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Information picked up by the buoy’s
sensors is sampled periodically and
stored in one of two memory units. The
first is a short-term memory; it trans-
mits data when commanded from
shore. normally at 6-hour intervals. The
second memory is long-term and is cap-
able of storing information for a full
year at a time.

A different recording technique is
used in DIVEAR (Diving Instrumenta-
tion Vehicles for FEnvironmental and
Acoustic Research. This system is op-
erated by the Ordnance Research Lab-
oratory of Pennsylvania State Univer-
sity. Three unmanned, instrumented
buoys are dropped from a ship at speci-
fied distances. As they sink through the
water, sonic signals are transmitted to
the buoys from the mother ship. Re-
ceivers in cach buoy detect these sig-
nals, which have been modified by pass-
ing through the water. The information
is recorded in each buoy on a digital
tape system. At a preset depth, ballast
weights are dropped from each buoy,
which then permits the buoys to return to
the surface. The buoys are recovered and
the data evaluated.

Data transmission and processing

Large-scale, long-term ocean sur-
veys have produced a demand for buoy-
installed, digital telemetering systems.
ODESSA, produced by Geodyne Corp.
for the Environmental Science Services
Administration (formerly the US Coast
and Geodetic Survey), is typical of this
new generation of undersea devices.

The system consists of two main
elements, the instrument mooring as-
sembly—of which there may be several
—and a shipboard assembly. Sensing and
digit-forming packages are assembled on
a cable attached to a buoy containing the
telemetering packages. The shipboard
unit contains command, receiving and
processing equipment and controls and
monitors the mooring assemblies.

In a completed system, each buoy
can be separately interrogated and the
stored data read out for automatic
processing. Such systems can op-
crate at sea for a year or more. Typical
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Bit-By-Bit
Recording

As explained in the article, only
36 feet of tape are used to store 30
days of data gathering at 3-minute
intervals. During this time, 14,400
frames are recorded (30 days x 24
hours x 60 minutes — 3). One frame
consists of 6 lincs, for a total of 86,400
lines. There being 200 lines per inch,
432 inches are required, or a total of
36 feet.

Of the 6 lines in each frame: one
line is for a standard character which
serves as a reference; the next 3 lines
accommodate 8-bit words (actually 6
bits and 2 remainders); the 5th line
picks up the two remainders from each
of the 2nd, 3rd and 4th lines; and the
6th line accepts a 6-bit word. Accuracy
to within 0.5% can be obtained with
an 8-bit word.

Each bit in each line falls into
1 of 6 channels and is monitored for
accuracy by a system of odd parity,
the markings of which are contained
in another channel. Odd parity merely
means that the total number of
“marks” on a line must be odd. Note
the blank space for parity on Input
4 . .. in the diagram . . . the num-
ber of marks being odd, there is no
need to add a mark for parity. In the
other channels a parity mark is added
to make the total odd. An cven parity
system could be used if the computer
were programed to accept it.

CHANNEL
654321 P
_______ STD CHARACTER
_ = — 6BITS INPUT |
g — 6 BITS INPUT 2
R — 6BITS INPUT 3
— — — — — REMAINDERS
- = INPUT 4
r_-_-‘:;r";':',_";j/lST REM.
e P i (T s
¥ oND REM.
3RD REM.

INPUT | BINARY | DECIMAL

I 00100111 39
& 00101010 42
3 ooloiool 41
4 ofotorol 85

The first six marks and spaces
(left to right) in the binary designation
(8-bit word) of the number 39 is shown
in Input 1 as marks in Channels 3 and
6—the two remainders appear in
Channels 1 and 2 on the Remainders
line. The remainders for Inputs 2 and
3 appear in Channels 3 to 6 respec-
tively. Input 4 has no provision for
carrying the remainders and therefore
presents a less accurate readout. Note
the channels on the tape actually are
printed in horizontal rows rather than
vertically as shown here. Illustration
shows 1 complete frame.
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oceanic parameters measured are:
ocean-current speeds from .05 to 7
knots, current direction to = 5° mag-
netic, temperatures over the range of
0° to + 40°C = 0.2°, salt content from
0 to 40 parts per thousand, and depth
from 1 to 100 meters within 1%.

A deep-sea recorder

The data recorder shown in the
photographs was manufactured by Data
Scicnce Corp. of San Diego and con-
structed specifically for long-term re-
cording on the ocean floor. It is rela-
tively simple and straightforward as
such recorders go. As the block dia-
gram of Fig. 1 illustrates, the recorder
samples and records four inputs sequen-
tially upon command from a programer
included in the instrument package. The
recorder is an incremental type; that is
the tape is advanced only when infor-
mation is being recorded. Data are
stored digit-by-digit at a recording den-
sity of 200 bits per inch; standard V2-
inch, seven-channel tape is used, as
shown in Fig. 2. Six channels provide in-
formation storage, and a seventh is used
for parity. Parity is used to detect errors.
In the event of an error the computer
automatically stops processing until the
error is accounted for.

The recorder is usually operated for
30 days on the sea floor with samplings
made at 3-minute intervals. All this re-
quires only 36 feet of tape. (See “Bit-By-
Bit Recording” for a detailed explana-
tion of the markings on the recording
tape.) To conserve power, the entire
system shuts down between measure-
ments, a function made possible by mag-
netic-core memory elements. Batteries
are alkaline types having several times
the capacity of ordinary zinc-carbon
cells. especially at the reduced tempera-
tures found on the sea floor.

A tape produced by a recorder like
this cannot be read by the processing
computer unless the recorded informa-
tion meets rigid specifications. Improper
loading points, missing end-of-file char-
acters, gaps in the record and other
faults make it impossible to process the
tape. Thus, tapes carelessly handled or
improperly recorded at sea may be en-
tirely useless. Data taken from the tape
is transferred to punched cards which
can then be programed with additional
instructions for computations.

Computers at sea

Data taken at sea should be evalu-
ated before returning to port. Why?
It the desired data is not obtained, an
incompleted or missed experiment can
be repcated without having to make an-
other sea voyage necessary. An on-site
evaluation, however, is possible only
when there’s a computer aboard.
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Components of ODESSA system include, left to right, buoy instrument with a tape
recorder on the lid, a more complex buoy of modular construction, control console
capable of handling 12 buoys, and the print-out unit that produces final copy.

One of the earliest sea-going com-
puters is installed on the Atlantis I, a
research ship operated by the Wood’s
Hole Occanographic Institution, Wood’s
Hole, Mass. The computer is a multi-
purpose type, model PDP-5, manufac-
tured by Digital Equipment Corp. The
Evergreen, a US Coast Guard oceano-
graphic vessel, has an identical model.
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Fig. 2—Photo of bit pattern recorded on
Lo” tape. Only 36" are needed for 30 days.

The Scripps Institution of Ocean-
ography, La Jolla, Calif., has planned
the installation of an IBM 1800 on the
Thomas Washington. This extremely
versatile computer will make possible
on-board data processing and record-
ing. Scripps will provide an engineer
and a programer to assist the scientific
party in using the computer. The same
type of computer also may be used on

www americanradiohistorv com

the Argo and the Horizon, sister ships
in the Scripps fleet.

The USS Marysville (EPCER
857), which is used by the US Navy
Electronics Laboratory, San Diego, re-
cently left for an extended scientific
cruise in the western Pacific, with a
Univac 1218 computer on board. Other
instruments include: a thermistor chain
for continuous temperature measure-
ment from the surface to a depth of 800
feet, four sea-current recording meters,
an echo sounder and a bathythermo-
graph. The computer will be used to
plot horizontal and vertical tempera-
ture gradients. Computations will be
made for studies of thermal structure
and acoustical scattering caused by
small sea creatures. The immediate
availability of the computer is a real as-
set to the expedition.

Some ships now under construc-
tion will have built-in computer instal-
lations. A new Navy survey ship, the
USNS Silas Bent, is described as having
the world’s most advanced shipboard
computer system. The Benr is a medi-
um-sized ship, displacing 2,590 tons. She
is 285 fect long and has a 48-foot beam;
her cruising speed is 15 knots. The craft
will carry a crew of 44 and provide ac-

(continued on page 82)
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BUILD A
MODULATION SCOPE
MONITOR

Get 100% transmitter modulation without guesswork

By ROBERT J. REED

HIGH-QUALITY MODULATION OF A RADIO-
telephone transmitter is a prercquisite.
While there are several ways to predict
the degree and quality of modulation, it
is difficult to find an instrument that pro-
vides more information than a cathode-
ray oscilloscope. Such troubles as under-
modulation, overmodulation, rf and
audio distortion and a host of other evils
can be detected readily.

Here is an oscilloscope, especially
designed for modulation analysis, that
is a worthwhile addition to anyone who
works with AM transmitters. It covers
the range of 1.5 to 30 MHz and displays
cither a wave envelope or a trapezoidal
pattern. It also has a built-in 400-Hz tone
generator, synchronized to the horizon-
tal sweep circuits for drift-free display
of wave-envelope patterns.

How it works

Signal from the transmitter is fed
to the rf input jack Jl, switched to T1,
T2, or T3, stepped up by transformer
action, tuned to resonance by CI1, and

PaiEs RF LEAD TO VERT OF V4

R22 RI7
3IwPt V4

g2 il Pt
LA R2 Ti T2 T3\, TERMINAL BOARD
BAFFLE SHIELD
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fed to the vertical sweep plates of the
cathode-ray tube.

Horizontal-sweep voltage for the
different waveform displays is selected
by display switch S2. When S2 is in po-
sition 3, a trapezoidal pattern can be
displayed on the CRT. In this position,
the switch removes B+ from VI, V2,
and V3, and simultaneously connects J2
to R1. Modulated B+ voltage from the
transmitter is applied to J2 by a shielded
cable. The desired audio-voltage level
for the scope is established by the panel-
mounted pot R1 and fed to the horizon-
tal plates of the CRT.

When S2 is in position 2, an en-
velope pattern can be obtained. Plate
voltage is applied to tubes VI, V2, and
V3. Jack J2 picks a 400 Hz tone from
R2, the output load-resistor of cathode
follower Vli-a. This signal is used to
modulate the transmitter.

Tube V1-b is the tone oscillator, a
fixed-frequency Colpitts type. Due to the
high-level feedback developed across
R3, the output sine wave from V1-a has
less than 3% distortion.

Sweep oscillator V2 generates a
sawtooth waveform which is amplified
by V3 and applied to the horizontal

componenlts on
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| Fig. 1—The rf section, near-
w est the front panel, is neatly

shielded from the rest of the
the chassis.

sweep plates of V4. This circuit employs
a thyraton relaxation oscillator. Its fre-
quency is determined by the time con-
stant of C7, R10, and R11. In operation,
the sweep-oscillator frequency is ad-
justed to approximately 200 Hz so that
every other cycle of the tone oscillator

VOLTAGE, RESISTANCE AND
WAVE FORM CHART

TUBE VOLTAGE  RESISTANCE
12AU7 Pin 1 {-50 470K*
2 —1.1 10K
3 6 10K
6 +300 0"
7 ~0.5 39K
8 +18 10K
6C4 Pin1.5 4160 220K*
2 — -
6 0 350K
7 +9.5 15K
2D21 Pin1 —0.7 100K
2,7 0 0
5 e —
6 +15-20 85K

*Measured to B--

triggers the sweep tube and synchronizes
it to one-half the tone-oscillator fre-
quency. This provides a stable display

BAFFLE SHIELD
:
Tz/ RY Wi ]

Fig. 2—Sweep-circuit compo-
nents are mounted on the cen-
trally located terminal hoard.
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of two wave envelopes on the CRT
screen.

The synchronizing voltage is ap-
plied frem the tone-oscillator tank cir-
cuit through a network comprised of
R6, C6, and R8. R6 is the SYNC-PHASE
control that compensates for wave-en-
velope phase shift introduced by the
transmitter’s speech-amplifier circuitry.
By adjustment of this control, the CRT
sweep is triggercd at the same time the
wave envelope begins to move from
its zero axis, thus displaying the two
wave envelopes evenly on the screen.
The control is for viewing convenience
only and can be omitted by connecting
C6 to the junction of R7 and L1.

High voltage for the CRT cathode
is taken {rom the negative 800-volt dc
point in the power supply. The CRT
plates are returned to B+ 400 volts dc,
giving a total of 1,200 volts across the
tube. Filament voltage for the CRT is
taken from the 5-volt winding of T4,
which actually supplies 5.6 volts when
lightly loaded. This figure lies within the
filament rating of V4 and gives good
beam brilliance. B+ voliage for VI,
V2, and V3 is taken from the rectified
center-tap voltage of T4 and filtered by
R27, C17-b, and Cl7-¢c. Diodes D1, D2,
and D3 must be able to withstand a total
of at least 2,000 piV and 10 mA forward
current. Diodes D4 and D35 may be one

or more rectifiers totaling at least 1,200
piV and 400 mA forward current.

Construction

The scope is built on a 42 x
11%2 x 3-inch open-sided chuassis, at-
tached to a 5% x 8% -inch front panel.
A batlle shield is installed 3 inches be-
hind the front of the chassis to isolate
the rf section from the rest of the cir-
cuit.

Power transformer T4 is installed
on the underside of the chassis near the
rear edge.

All sweep- and tone-oscillator cir-
cuitry are mounted near the center of

1.5-3MHz
It
b L#C cli.005 VERT POS
2005F RF TUNE i
10-} S o HORIZ POS
Homel = PIN |-80V P-p
MHz 12AU7 | = 2-20v * 2D21 PN 6C4 PINS1,5 0'0;?:3 RIG
3 “ 7.7y
\ " 8-I5v " 20V P-P Bove-p =
\ 400 Hz 200Hz 200Hz RIS
. :
p 0SC,CATH FOLL R7$470K 2D2! 6C4 o
: SYNC  SWEEP 0SC C8el  SwEep S0k
_______________________ 11Vl-o PHASE cg-.| AMPL
12AU74 e |
2 ¢2 Sz-u‘i 2' R9
= amoov ! E \ 100K 5%
I3 MOD LEVEL %OK g ]
E AN 5%
DISPLAY ! o, \ 3
i LMEGAR! <= | TONE LEVEL
sz_b_,—o-:»o 300V
Rl J
h
l b o—d
g —800ViRps.- 120k
FF AAA
Sz-¢ rv:—>0 cIs r
7 L s 2CI6 D1,2,3
| | SELPE o KT T INGI94(3)
' 400V o
| ' SIRAPEZOID { R26- 56K V4 HEATER
l ’ L Ve 1 12 T4
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z 3 0T473Y | g s - Cé? I
G R27-22K |N3|94 2 5 |
_ : 300V 2 4 J e
BT R27 +| 2w [+ |
470K A TC17-b TCI7-¢ ‘
i T 6.3V
10/475V - kit 17V AC

Wavefarms are shown on schematic as an aid to troubleshooting. No input signal is necessarg to obtain these waveforms.

€1—0-2D9 pF, Hammariund HFA-
200-2 or equivalent

C2—0 1 pf, paper

C2—.02 pF, paper

C4—.G22 4xF, paper

C5. C10. C12, C13, C14—.05 uF,
Ceramic

CB, C&—-0.1 uF, ceramic

C7—0 5 uF, ceramic

C9—10 «F, 25 volts, electrolytic

Cl1— 085 uF, ceramic

C15. Ci&—.1 uF, 1,000 volts,

R1l, RE,

pa

C17—10 + 10 4 10 «F, 475 voits,
etectrolytic

C18— 0! uF, ceramic

F—1-amp slo-blo fuse

L1—10-benry choke, Stancor C-
2318 or equivalent
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J1, J2—coaxial jack, any type

megohm pot (R1-2 watts)
R2-—10,000 ohms, pot
R3—10,000 ohms, 5%
R4—68,000 ohms
R5-—39,000 ohms
R7—470,000 ohms
R8—470,000 ohms, 5%
R9--100,000 ohms, 5%
R10—68,000 ohms, 2 watts
R11--50,000 ohms, 1 watt, pot
e R13—220,000 ohms
R14-—15,000 ohms
R15, R18—1 megohm
R19, R20—100,000 ohms
R21--820,000 ohms, 2 watts
R22—350,000 ohms, pot
R23--220,000 ohms, 1 watt

PARTS LIST

R24---220,000 ohms. 1

R12, R16, R17-—1- R25--120,000 ohms

R28—470,000 ohms

1, -inch diameter
up wire

turns No. 22
on
Primary—6
hookup wire

R26—100.000 ohms, 2 watts, pot
R27—22.000 ohms, 2 watts

T1—1.5-3-MHz coil, 60 uH, 145
turns No. 28 enameled on

mary—11 turns No. 22 hook-
T2—3-10-MHz coil—12 g£H, 50
wound to cover 134

Vs-inch diameter form.
turns

watt T3—10-30-MHz coil—1.2 xH, 13
turns No. 16 enameled
wound to cover 1 inch on
14-inch diameter form. Pri-

mary—3 turns No. 22 hook-

S1—3-pole 3-position wafer up wire
switch T4—650 VCT, 6.3- and 5-volt
S2——4-pole 3-position switch secondaries, Stancor PC-

8406 or equivaient

V1—12AU7

v2—2D21

v3—6C4

V4—3WP1

D1, D2, D3, D4, D5—1N3194 or
equivalent

Al resistors—109%, 14, watt unless
otherwise noted

All capacitors—400 volts unless
otherwise noted

form. Pri-

enameled
inches

No. 22
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60T N°20 ENAM CLOSEWQUND _
ON /2" X 3"FORM u

1/2 WATT RESISTOR
" INSERTED IN BODY

SOLDER

COAX T
TO CONNECTOR
DUMMY

e
T0 SCOPE
\ BNC OR PHONO JACK
P1-259 CONNECTOR
170 XMTR
b
Fig. 3—Rf pickup coil and pickoff probe
give two ways of transmitter rf sampling.

the chassis. Remaining components are
supported on a terminal board mounted
on 1% -inch standofTs, as seen in Fig. 1.
Choke L1 is mounted between the termi-
nal board and the chassis.

Except for the rf portion, circuit
layout is not critical, although sensible
standard construction practices should
be followed.

The secondary windings of T2 and
T3—as noted in the parts list—include
5-inch leads. If very short leads are run
to switch S1, an extra turn should be
added to each coil; primary lead length
is not critical. Tuning capacitor C1 may
be larger, but the important thing is
that the minimum capacitance must be
10 pF or less. Leads in the rf section
should he dressed for minimum stray
capacitance. The lead running from S1
to the vertical sweep plate of the CRT
was run above the chassis on 1-inch in-
sulated standoffs and kept clear of tube
shields. and other components.

Keep in mind that the minimum
capacitance of C1 and the total stray
capacitance of the rf-carrying leads
limit the upper-end tuning range. In my
scope. this combination measured about
20 pF, a figure not difficult to obtain.

The pickup coil is constructed as
shown in Fig. 3-a and attached a 4-foot
length of coaxial cable. For low-power
transmitters. or where the pickun coil
cannot find a strong rf field due to shield-
ing or other causes, the pickoll probe
shown in Fig. 3-b should be used. On
Citizens-band transmitters, a 1,000-ohm
resistor works out very well. For differ-

ANT
FINAL PICKUP coll
TANK

o

Fig. 4—Direct connection shown provides
audio voltage in low-powered transmitters.

| .~ TOSCOPE RF
IN PUT JACK

CMC)’T N ot P\G
wer

TO MOD
INPUT/OUTPUT

JACK
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ent power levels, the resistor will have to
be determined experimentally. A good
rule of thumb is:
R =100 P,

where R equals the resistance in ohms
and, P, equals the transmitter output
power in watts. Resistors of less than
820 ohms should not be used, however,
due to their loading effect.

Adjustment and operation

When wiring is completed, turn
down intensity control R24 and turn on
the power. Set display switch S2 to posi-
tion 2 (envelope display). Check the
power-supply voltages. They should be
approximately 800 volts negative, 400
volts positive and 300 volts positive.

Increase the intensity until a spot
or line appears on the screen, then ad-

TRAPEZOID PATTERN
ENVELOPE PATTERN

UNDERMODUL.ATION

CARRIER ONLY

(NoTE—A direct connection can be
made in transmitters in which the B+
does not exceed 450 volts. In other
rigs, a voltage-dividing network will be
necessary to avoid breakdown of input
blocking capacitor C2.) The rf pickup
coil is placed near the antenna or final
tank circuit. With an unmodulated car-
rier applied to the scope, a vertical line
will show on the screen; with a modu-
lated carrier, trapezoidal patterns like
those shown in Fig. 5 will be displayed.

For the envelope display, a shielded
audio cable is connected from J2 to the
input of the modulator as shown in Fig.
6, and the 400-Hz tone level is adjusted
to give the desired output. A stable pat-
tern of two wave envelopes like those
in Fig. 5 will appear on the CRT screen.
The audio lead can be disconnected
while the transmitter is voice-modu-

100% MODULATION OVERMODULATION

Fig. 5—Trapezoidal and wave-envelope patterns provide varied information in

analyzing and monitoring AM  rigs.

just SWEEP LEVEL control R12 for the
desired sweep width.

To set the sweep frequency, tem-
porarily disconnect the lead that runs
from S1 to the CRT’s vertical plates and
jumper or connect it to the high end of
R2. Set sweep-frequency control R1l
for maximum resistance. Set sync-phas-
ing control R6 to the center of its rota-
tion, then adjust R11 until the tone fre-
quency is synchronized on the screen,
Continue to advance R11 until the pat-
tern jumps out of synchronization, then
turn the control halfway back toward
the point where the pattern first locked
in. Turning the sync-phasing control
should shift the pattern =90° and still
hold synchronization. Reconnect the
lead from the vertical plate to SI.

A standard signal generator can be
used to check the rf tuning section if
the signal is strong enough to produce at
least Ya- to Ya-inch deflection on the
cathode-ray tube.

To display a trapezoidal pattern,
the scope is connected as shown in Fig.
4. A shielded lead is connected from
the high side of the modulation-trans-
former secondary to J2 on the scope.

www americanradiohistorv. com

The

trapezoids are easier to interpret.

lated, but the pattern will “run” across
the screen and will be difficult to ob-
serve. Actually, the trapezoidal pattern
is best utilized under voice-modulated
conditions. The envelope pattern tech-

IST AF AMPL
PICKUPCOIL
. TO SCOPE
RFINPUT
JACK
S TO MOD
1—(400HZ) N INPUT/QUTPUT
Y JACK
Fig. 6—Scope-originated 400-Hz signal
fed to transmitter syncs waveform.

nique, however, provides an audio tone
for troubleshooting.

If only one frequency or one band
is of interest, S1 and two rf transformers
can be eliminated. If higher frequencices
are required, an extra rf band could be
added—30 to 55 MHz, for example. A
coil of 7 turns of No. 16 enameled wire
wound to cover 1 inch on a Y2-inch
form; with a one- or two-turn primary.
1t’s not as diflicult as it looks. R-E
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Bioelectronics and Life

Pacemakers, man amplifiers and eyeball controls

By ALLEN B. SMITH

SCIENCE HAS ALWAYS CONCERNED ITSELF
deeply with the mechanism of life.
Man’s desire to understand how his
body and mind function is very old. As
science evolved, some men tried to apply
new tools to these problems. Explana-
tions based on myth, religion and the
supernatural gave way—though not ul-
ways—to explanations based on direct
observation and on conclusions drawn
from observation.

Science, like any human endeavor,
has its “fashions.” At various times in
the history of science, particular ap-
proaches to the phenomenon of life and
consciousness have predominated.
There have been primarily chemical
theories, primarily mechanical ones,
electrical, electronic, statistical ones, and
so forth. No responsible scientist would
claim that any one of these approaches is
the correct one, so they are most often
found in combinations.

This is very much an electronic
age, and a huge number of scientists are
preoccupied with coupling electronics to
living bodies. Electronics is being used
to measure and regulate biological proc-
esses, to augment human brain and
muscle power, and cven to duplicate
some hitherto uniquely human func-
tions.

Because any successful attempt to
meld electronics and biology calls for
familiarity with other scientific areas,
present research is producing scientists
who are the very oppositc of the oft-
condemned “specialist’—the  man
whose knowledge, though perhaps pro-
found, is so narrow that he cannot un-
derstand or appreciate work in other
fields.

Let’s investigate some of the fasci-
nating results of what we might call in-
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terdisciplinary cooperation. The devices
we’ll look at were all born from the com-
bined talents of engineering, physics,
chemistry, biology, metallurgy, and per-
haps a dozen other fields. Often, two or
more ficlds come together in one man.

Self-powered Pacemaker

A self-powered electronic Pace-
maker used to regulate the beat of dam-
aged human hearts is a remarkable ex-
ample. Most pacemakers consist of
small battery-powered pulse generators
worn in a harness or belt next to the
patient’s body. Two leads enter the chest
cavity through surgical incisions so the
clectrodes may be attached to heart-
muscle fibers. The regular pulse from
the gencrator stimulates the heart and
induces a smoothed, stronger heartbeat.
Little success has been achieved in plac-
ing the entire unit inside the patient’s
body, because new incisions must be
made from time to time to replace the
power cells. The self-powered micro-
miniature pacemaker is likely to solve
this problem and others as well.

This newest internal bioclectronic
device was developed by Carl C. Enger
of the Department of Surgery, Western
Reserve University School of Medicine,
and Miroslav Klain, a researcher at the
Cleveland Clinic Foundation. Working
experimentally with nonhuman hearts,
these two scientists have produced a tiny
unit which literally is plugged into the
heart muscle and stitched to it. Muscular
contractions of the heart itself generate
sufficient movement to operate a piezo-
electric transducer. Voltage from the
transducer powers the pacemaker. The
circuit is shown in the diagram.

Silicon planar transistors are used
because they are small and have low
leakage. Capacitors are of deposited
tantalum, and the diodes are silicon.
Output from the transducer is nominal-
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ly 2 volts; pacemaker output to the
heart is a 2-volt pulse 1.5 msec wide.

Transistor QL controls the voltage
at the base of Q2, the output switcher.
Rate and duration of the output pulse
are determined by the time constant of
C1 and R2 and the base-to-emitter im-
pedance of QL. Capacitor C2 prevents
dc from appearing at the output. Direct
current in the heart-muscle fibers
would cause electrode poisoning due to
electrolysis and protein buildup at the
point where the electrodes pierce the
heart muscle.

The pacemaker measures 2 x 0.6
x .07 inch, with all circuitry contained
at one end in an arca about Y2 inch
square. The transducer takes up most of
the space. The complete unit weighs less
than 3 gm. To protect the device from
corrosive body fluids, it is coated with
an inert silicone-rubber compound, then
plated with a thin layer of gold. Two
platinum clectrodes about Ys-inch long
protrude from the microcircuit area
and conduct the output pulse directly
into the heart muscle. Efficiency of the
complete package (mechanical-to-elec-
trical conversion) is 99%.

The transducer itself is an interest-
ing bit of solid-state technology. 1t isn’t
a normal slice of crystal, but a sandwich

Self-powered Pacemaker features; mini-
mum number of components, small size,
high reliability, and very low power needs.
Transducer eliminates hattery by convert-

ing heart-muscle mocvements into electricity.

02 T3¢

FIEZOELECTRIC
TRANSDUCER

TO ELECTRODES
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Slave manipulator developed by Argonne
National Laboratories for handling radio-
active materials safely is actually a sophis-
ticated man amplifier. Operator (back-
ground) slips his hand into an anthropo-
morphic hand support. Through sercomo-
tors, his movements are coupled to the
slave’s and hand assembly.

arm, wrist

composed of a central brass strip to
which are adhered opposing layers of a
crystalline material—lead zirconate ti-
tanate. Each layer of this piezoelectric
material is .010 inch thick, and the brass
supporting buse is approximately .003
inch thick. To provide electrical con-
tacts, silver electrodes are plated to the
outside surfaces of the crystal layers.
The complete transducer, called a piezo-
elecrric bimorph, is about .025 inch
thick and flexible e¢nough to withstand
the muscular contractions of the heart
without fracturing.

This self-powered cardiac device is
not yet used in human patients, but it
will undoubtedly find wide acceptance
in the immediate future.

Living machines

Bionics is another field in which
electronics theory and hardware find ex-
tensive use. This science of “living” or
natural machines was named just a
scant 6 vears ago. It encompasses the
growing interest in life/ machine rela-
tionships by medical, social, biological
and physical scientists on one hand and
engineers on the other. With extremely
varied arcas of interest, bhionicists may
attempt to communicate electronically
with dolphins, develop a new ground-
speed indicator for aircraft, patterned
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after the eye of a beetle, or design a TV
camera that duplicates the optical mech-
anism of the horseshoe crab!

A particularly interesting branch of
bionics is the use of body-generated
forces and electrical pulses to operate
machines directly. Into this category fall
“man amplifiers” that permit a man of
normal strength to lift or move objects
weighing a thousand pounds or more.

Walking truck

Therc are threc basic tvpes. each
with a wide range of possible uses. The
first, being developed by General Eleciric
Co., is the “walking truck.” In this de-
vice, the operator stands in a cab with a
harness attached to his limbs and upper
body. This exterior skeleton or exoskele-
ton couples his movements to the “legs™
and “arms” of the vehicle through a se-
ries of servo-controlled hvdraulic and
elecrtic motors which multiply his ap-
plied force many times. Sensitive feed-
back circuits activate small servomotors
within the exoskeleton 1o give the opera-
tor a sense of “feel.” This feedback. not
only helps him judge the force necessary
for each task. but also assists him in
maintaining his balance while “walking”
the truck on its 12-foot legs.

Cornell Acronattical 1 abs has de-
veloped a second type. In their ap-
proach, the exoskelcton itself is provided
with torque-multiplying hydraulic mo-
tors. A man wearing this structure has
what amounts to an exterior skeleton
made of steel. It magnifies every motion
and enables him to lift far greater loads
than he otherwise would be able to move
or carry. While much developmental
work yet remains to be done on these
two devices, the armed services and in-

dustry alike expect to gain substantial
benefit from man amplifiers.

A third basic type seeks 10 over-
come the major shortcoming of force-
sensitive servo-controlied machines like
those described above. That problem
concerns the time lag between the oper-
ator’s muscular contraction and the ac-
livation of the appropriate control sys-
tem. Though small, this delay gives an
unreal response scnsation that requires
conscious effort and much experience to
overcome.

By using surfiace-contact clectrodes
similar to those employed in making
brainwave traces. the minute electrical
signals associated with muscular con-
traction can be used to control the elec-
tromechanical svstem directly. These bi-
oelectric pulse trains, called electromyo-
graphic (EMG) signals, originate in the
cortex of the brain. They travel through
the body’s neurological system to initi-
ate muscular activitv. Though very low
in amplitude (10 to 1.000 pV). this bio-
logically generated clectricity is suffi-
cient to conirol sensitive servo-system
amplifiers. Noise can be a disturbing fac-
tor, but greater efficiency in pickup de-
vices and greater knowledge of where
the scnsors should be placed should
give greater signal-to-noise figures.

Artificial limbs

I'n most work done so far, particu-
larly in the ficld of prosthesis (fitting
artificial limbs), digital computers are
used to evaluate each new subject’s
EMG patterns. Information thus ob-
tained is used to determine sensor loca-
tions on various points near the patient’s
useful muscles. EMG signals operate the
artificial limb as the patient performs

The slave can be made to work power tools and to perform complex operations in radio-
active and other unfriendly environment to man. Both hand and foot controls are used.
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his usual mental and motor actions.
Even in cascs where a limb was ampu-
tated years previously, residual EMG
patterns often remain.

A description of the operating se-
quence of one such artificial limb will
illustrate how the system works. To lift
a cup, for example, EMG signals gener-
ated in the brain by the patient’s desire
to grasp the handle are amplified after
being picked off two opposing muscles
in the remaining part of his amputated
arm. These signals are mixed to provide
a difference signal whose amplitude is
proportional to muscle tension. This re-
sultant signal controls both the velocity
and the force of the “finger” mechanism
through a miniature servo system. Clos-
ing and opening the fingers takes about
V2 second when driven by about a third
of the available muscle force.

When the fingers touch the cup’s
handle, a second servo assumes control
of the operating motor and regulates it
according to the force applied to the
handle. Because of random noise pulses
in the differential voltage loop, a bit of
backlash is provided to keep the servo
motor from reacting to the noise.

Although this example concerns but
a single limb motion, work is already
well advanced both here and in Europe
on artificial limbs and complete man
amplifiers using EMG control. NASA,
for example, is developing an exoskeletal
arm for use by pilots and astronauts
under high-G conditions where they
would otherwise be unable to move.

Eyeball control

An interesting related system was
developed experimentally by Philco
Corp. some time ago. An airborne

weapon-aiming system was controlled
by the pilot’s head and eye movements.
A coarse-aiming servo loop was con-
trolled by the position of his head, and a
fine-aiming loop received its control sig-
nal from an optical scanning device that
determined the position of his eyes. All
he had to do was turn his head toward
the target and focus his eyes on the point
of aim: the weapon-control system did
the rest. Experiments using EMG signals
obtained from the eye muscles to con-
trol the fine-aim servo met with some
success. Development of this and similar
concepts continues.

Speech synthesizer

In yet another recent development,
Bell Laboratories engineers have con-
structed a computer-connected speech
synthesizer. The new talking machine
provides a visual display corresponding
to the tongue, lip, jaw and palate of a
human speaking a particular word or
sound. A control panel permits the pro-
gramer to alter the structure of the vo-
cal mode! until a perfect enunciation is
attained for each word and transitional
sound. The computer then remembers
its speech lesson and can be programed
to speak understandable phrases.

No single individual can possibly be
expert in several dozen areas of scien-
tific investigation. Yet, more and more
often, workers in one aspect of pure sci-
ence are required to borrow from seem-
ingly unrelated fields to understand the
results of their work in the broad context
of life. Dividing lines between chemis-
try, physics, electronics, biology are con-
stantly being moved or removed to ac-
commodate several sciences.

One day we may need a new sci-

An oscilloscope is used to monitor the vocal structure of the computerized voice synthe-
sizer. The synthesizer can he adjusted and programed to speak phrases intelligibly.

[}
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ence to describe the work of a man who
will select the essence of achievement
in all fields through a massive computer-
controiled information clearinghouse
and apply the accumulated data in solv-
ing fundamental questions. These gener-
alists may bring us closer to a real under-
standing of who we are and where we
came from.

Using already established tech-
niques and soon-to-be-perfected con-
cepts of life simulation, man may yet
succeed in constructing “living” ma-
chines. Two highly theoretical concepts
may speed that day. The first is an en-
ergy system analogous (o solid-state mo-
lecular electronics. It is based on ionic
movement in liquids rather than on mo-
lecular movement in solids. This “liquid-
state” electronics theory is being devel-
oped by Acroneutronics Div., Philco
Corp. A long way from completion, it
already suggests high-density computers
capable of healing themselves and grow-
ing in capacity.

Secret of life

The second concept is being ex-
plored at the Weizmann Institute of Sci-
ence in Rehovoth. Tsrael. One most thor-
oughly frustrating secret of life has been
the ability of human muscle fibers to
convert chemical energy directly to mo-
tion. All engines and mechanisms con-
trived by man so far, require at least one
intermediate step in the conversion. But
now, although the results are still highly
experimental, scientists at Weizmann
have succeeded in constructing fibers
from an artificial collagen (the material
from which human tendons are made)
that contract abruptly when sprayed
with a salt solution. And they relax when
rinsed with distilled water. The action,
though not the process, is identical to
that of muscle fibers.

Long road ahead

There is a long road ahead in utiliz-
ing practically what we already have
learned of the stuff of life. But it’s not
inconceivable that somedav an unspe-
cialized scientist or engineer will assem-
ble the apparently random collection of
life knowledge that already exists and
construct a remarkable machine capahle
of duplicating the life process in total.

So, who says science is overspecial-
ized? Tt can be, but in the life sciences
alone, the best doctors are engineers and
scientists and philosophers, ctc., practi-
cally ad infinitum, just as always. And in
the truest sense, we’ve just begun to ap-
ply the tools of the great technological
revolution to all fields of science. It’s
quite possible that the trend now is not

toward specialization but toward a
greater recognition of the interlocking
fundamentals of all science. R-E
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Tape Recorder
Tips and Techniques

A few tips on how to get the most out of a

sound investment

THERE ARE LOTS OF GOOD REASONS FOR
recording sound. Besides being able to
establish a more or less permanent rec-
ord, the tape recorder can be made to
serve businessmen, educators, enter-
tainers and just about everybody. At
home you can listen to yourself and
hear how you sound to others. You can
leave messages; send voice letters; re-
cord vour favorite radio programs,
important events, and the voices of
your friends and family.

One way to make better record-
ings is to think the tape recorder is a
camera. The sounds to be recorded are
the people, the scenes, etc.; the tape
is the film, and the microphone is the
lens of the camera.

Making interesting and worth-

Preschool children have hearing tested
recorder as part of medical.

by tape

by EARL E. SNADER

while tape recordings is in part a mat-
ter of employing certain accepted rou-
tine techniques and in part a matter of
using your creative talents.

A battery-operated recorder is
most useful for making candid record-
ings indoors or outdoors . . . you are
not chained down to the nearest elec-
trical outlet. It makes an excellent sec-
ond recorder. The recorder should be a
fairly good one and be equipped with a
capstan drive. The capstan drive trans-
ports the tape at a constant speed re-
gardless of reel size or the amount of
tape on the takeup reel.

When all portions of the tape are
recorded at the same rate of speed, it
is possible to edit, reposition or trans-
fer segments of tape from recl to reel
just as a film strip is cut and edited to
make a better show.

One precaution: When you have
different programs on the 2nd, 3rd, or
4th tracks be aware that a correction
for one track will throw you for a loss
on the other. Also, be on the alert for
compatibility of tape recorders when
more than one is used. Just because
two different machines can run at the
same speed, and are capstan driven, is
no guarantee that a 4-track sterco job
will put out a suitable recording for a
2-track mono recorder.

Modern tape recorders for home
and non-professional use generally
have 4 tracks on Y -inch tape operat-
ing at one or more of 3 speeds . . .
178, 3%, and 72 inches per second.
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Some machines have a 15-inches-per-
second capability. StHl another factor
related to compatability is the car-
tridge versus other cartridges and just
plain reel-to-reel types. Of course, the
tape can be Joaded on an appropriate
reel. Size of the reel depends on the
particular tape recorder.

All compatability factors being
equal, a mono program can be played
back on a sterco recorder, but not vice
versa. A stereo program will come out
as a mono recording (with some de-
terioration) on a mono recorder.

Sound-on-Sound Recording

Trick photography has its coun-
terpart in tape recording, toa. One of

Language labs use tape reecordings to
teach students correct foreign accents.
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Your tape recorder as a sound camera.

the most interesting tricks you can per-
form with a stereo, 3-head tape re-
corder is the production of a sound-on-
sound recording. You can record
yourself singing with yourself as a
duet, a trio, a quartet (ad infinitum)
or you can accompany yourself on an
instrument. If you have illusions of
grandeur you can record vourself sing-
ing to the accompaniment of a sym-
phony orchestra, but don’t get carried
away and try to sell the recording.

To make a sound-on-sound re-
cording, such as a duet of your voice,
first record on channel | only. Next re-
wind the tape and play it back into the
second channel (channel 3 on a 4-track
machine); at the same time repeat your
performance. You should use a sct of
headphones to listen to channel 1, or
monitor both channels whiie you are
accompanying yourself. It’s kind of
tricky at first, but it could be a lot of
fun. See Fig. [ for a graphic illustra-
tion of this process. (Don’t expect to
do this on the battery-operated porta-
bles or on thc older machines.) You
can, of course, repeat this process to
set up a trio by playing back the sec-
ond channel and simultaneously feed-
ing both your voice and the sccond
channel into channel 1. Note that while
making a recording on say channel 3,
the previously recorded material only
on channel 3 is erased. The recording
on channel [ is not erased. This could
give you another interesting effect. Sim-
ply play back both channels (sterco-
fashion). You might get a pleasant ef-
fect. The slight delay in the second
channel may or may not be noticeable

. depends upon your tape recorder.

If your tape recorder does not
have provision for sound-on-sound re-
cording you can use two tape recorders
to do-the job. The task of feeding and
mixing signals and operating on both
record and playback modes at the
same time on a tape recorder not spe-
cifically designed to do so can be & ma-
jor undertaking.

Do’'s and don’ts
Keep an e¢ye on your recording
level indicator. To overshoot the indi-
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Close-ups are more interesting.

cated maximum is to cause distortion.
Too low a level increases the noise
output from the tape. Get to know
your tape recorder by sampling weaker
and weaker sounds to determine the
minimum recording level you can use.

Use headphones, where possible,
to monitor your recording. The mike
and your eyes may be pointing to dif-
ferent sound sources.

TAPE TRAVEL _— —

2N ‘o "f
Foatom

f——

—
i

fN—

recording.

il —

make a

Get permission 1o

Get in close with your immicrophone
to single out desired sounds and mini-
mize undesirable background. How-
ever, make your sound ‘“‘shots” more
interesting; get the whole scene and
then come in for a closeup. But don’t
stick the mike under a person’s nose.
Besides the blasting effects, mike fright
might set in and all youll hear is
breathing. R-E

RECORD MICROPHONE

RECORDING
ON CHANNEL |

Fig. 1—Sound-on-sound technique with a stereo recorder. In Step 1, you record
only on channel 1. In Step 2, you add a second track on another channel, combining
channel-1 material with more live music or voice. You can sing with yourself!
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Ask any man who really knows the electronics industry.

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

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

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

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

You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE book
gives complete information. Airmail post- SN
paid card for your copy. If card is de-
tached, use coupon below or write: CREI,
Dept. 1403G, 3224 Sixteenth Street,

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

The Capitol Radio Engineering Institute
A Division of McGraw-Hill, Inc.
Dept. 14036, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

Please send me FREE book describing CREI Programs. | am
employed in electronics and have a high school education.
NAME AGE
ADDRESS.
CITY. STATE ZIP CODE

EMPLOYED BY. BeTs

Founded 1927

CRET

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

Accredlted Member
of the National Home Study Councll

=== 777777
e P S S

APPROVED FOR TRAINING UNDER NEW G.l. BILL
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How to Deal with RF Interference
( continued from page 36)

Somewhat similar to fluorescent
lamps are the neon tubes used in ad-

10,000 - 10,000

1,000

o
°

RADIATION IN wv/m

es o7 o RN € 100 140 @3 o7 o

FREQUENCY N iMHe

EREQUENCY IN MHg

vertising signs. They arc and produce
RFI incessantly, and can be complete-
ly cured only by encasing in transpar-
ent but conductive material, which is
then grounded. This is an expensive
procedure,

however, and generally

Fig. 6—Fluorescent
lamp RFI. Curve at
left is for a standard
40-watt 4-foot lamp,
while that at right is
for an 8-foot Slimline
tube. RFI extends
beyond 140 MHz, hut
its amplitude is much
lower in upper-
frequency range.

] ) & 100 140

Circle 29 on reader’s service card

WWW.americanradiohistorv.com

you can reduce the noise somewhat by
using a power-line filter as well as
series resistors in the high-voltage
secondary of the stepup transformer.
Generally some RFI from neon signs
must be tolerated due to cost consider-
ations. Repositioning the receiver
and/or antenna will also help in neon-
sign cases.

Commercial filters

Winding your own line filter can
be done, but you must calculate cur-
rent and seal the unit inside a box. It
is much easier, in many cases, to simply
purchase a ready-made model and in-
stall it. Among those available are the
Aerovox IN Series, Cornell-Dubilier
IF and NF Series, Lafayette 99H4005,
and Sprague Filterol Series. Most of
these are made in several sizes to han-
dle various load currents. They are
available with screw terminals or with
wire leads. Since the case is usually the
common point for the bypass capaci-
tors, when it is grounded the filter
works best.

For 117-volt line filters use ca-
pacitors rated at 600 working volts
or better. The ceramic types are ex-
cellent for this purpose.

-

| SHELD —].002 7005 T
NS, 3
_ L TO BALLAST
LINE = — & LAMP
i A =
—l |LAMPV7
‘[ L —tgasE
SHELD
—
1 iy
AC INPUT } +——+—* TO LAMP
T —
P~ e |

Fig. 7—Typical fluorescent lamp filters,
simple (top) and more complete
(bottom). An efficient shield and
an electrical ground are essential.

One more point should be made
about RFI suppression. In most cases
shielding and filtering won’t be very
effective unless you ground the noise
source properly. In some cases you
can use a three-wire ac cord, if the ac
outlet is properly grounded. If you
aren’t sure, you may want to run
your own ground spike into the earth
at a point as near as possible to the
noise source. Remember that more
than a few feet of ‘“‘ground” wire can
act as an antenna (depending on fre-
quency) and thus radiate rf noise.

The noise you can’t suppress is

your neighbor’s complaints when
you're at fault. R-E
66 RADIO-ELECTRONICS
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EQUIPMENT REPORT
Heathkit IM-25 Solid-State Vom

Circle 30 on reader’s service card

RARELY DO DESIGN ENGINEERS CONSTRUCT A DEVICE THAT
proves so correct it seems to last forever. Consider the Colt
.45 pistol, the Douglas DC-3 airplane, the Ford Model T
auto, and the RCA 630TS television receiver. Each became
a classic in its time—and some are still in service.

Perhaps another classic design has been brewed, by un-
known design engineers in Benton Harbor, Mich. The
Heathkit IM-25 solid-state vom works so well and so easily
I am now completely spoiled. It is in a class by itself.

Assembly

All good things have minor imperfections; the IM-25
is no exception. My kit arrived with a broken PC board,
which Heath, promptly replaced free of charge. (If they
have to replace enough of them, perhaps they’ll redesign
the shipping carton.)

The assembly manual is straightforward, and there are
no loose diagrams—everything’s in the book, for quick ref-
erence. An accompanying “Kit Builder’s Guide” is useful.

I took 15 careful hours to assemble, test and calibrate
the instrument. I aged the meter a week before buttoning
it up, and it’'s been stable since then.

Advantages

A rare bird, the IM-25. It’s a true vom {(volt-ohm-
milliammeter) with semiconductor amplifiers, and thus the
input impedance of a vtvm. It measures ohms, ac and dc
volts, dc current and—unlike nearly every other vom—
ac current! With an input impedance of 11 megohms, and
2 FET’s, 13 bipolar transistors and 7 diodes, it has low full-
scale ranges of 150 mV and 50 pA, both ac and dc. Some
transistors are diode-connected overload protectors; you
can’t burn out amplifier transistors or the meter movement
with too much input voltage or current.

Reading the meter scale is simple for two reasons: The
meter face is 6” wide and has color-coded scales. Black is
dc, red is ac, and green, ohms. There is even a separate dc
zero-center scale with gradations from zero to 25 and 7.8,
for bias or discriminator adjustments. Three separate range
switches (volts, ohms, milliamperes) are selected by a func-
tion switch. The current-range switch indicates the amount
of resistance inserted in the test circuit by the meter, so you
can compute measurement error.

One of the nicest things about the TM-25 is its two-
way power supply; it runs off the ac line or internal batteries.
Replacing batteries can be a nuisance, so ac power is best
for bench use. (Heath even includes a three-wire line cord
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makes first class
soldering the easiest
part of any job

NEW
V Weller
BATTERY OPERATED

Iron for field servicing

Now get controlied 700°F tip temperature from a battery!
Lightweight TCP-12 iron features Weller's patented
“Temperature Sensing” system, clips to any 12-volt
battery or 12-14 volt AC/DC source. Also available for
24-28 volt operation (Model TCP-24). A must for mobile
communications work.

Efficient MARKSMAN Irons
for continuous-duty soldering

ldeal for the bench or caddy, Marksman irons outperform
others of the same size and weight. Five models feature
long-reach, stainless steel barrels and replaceable tips.

» 13 -0z, 25-watt Model SP-23 « 4-0z, 80-watt Model SP-80
o 2-0Z, 40-watt Modet SP-40 « 10-0z, 120-watt Model SP-120
« 16-0z, 175-watt Modet SP-175

y Dual Heat
Soldering Guns for
dependable maintenance

and repair

The most widely used gun in the electronics
field. Available in three wattage sizes, each
with Weller's exclusive trigger-controlled
dual heat, pure copper tip, and spotlight.

« 100/140-watt Model 8200 « 145/210-watt Model D-440
» 240/325-watt Model D-550

25-watt Technician’s Iron

for intricate circuit work

Wetlan”®

Industrial rated pencil iron weighs only 134 ounces, yet delivers
tip temperatures to 860°F. Cool, impact-resistant handle. All
parts readily replaceable. Model W-PS with Y&-inch tapered tip.

Complete Weller Line at your Electronic Parts Distributor

WELLER ELECTRIC CORPORATION, Easton, Pa.

WORLD LEADER IN SOLDERING TOOLS
Circle 31 on reader’s service card

7

www americanradiohistorv com


www.americanradiohistory.com

COMING
NEXT
MONTH

You can do a great deal to improve radio and
TV reception in your home. There’s a load

of information and pictures packed into no
less than 5 feature articles . . . Bigger and
Better TV/Antennas, Home Antenna Systems,
CB and Ham Antennas, Antenna Rotators, and
How to Get the Most From TV/FM Antennas.
You, too can be an expert. In addition to
antennas, a host of reception-improving devices
are presented.

BuiLb—Modern high-gain, multipurpose 1C au-
dio amplifier. A single integrated circuit made
by RCA, for less than $3.00 promises to become
a basic building block for future consumer ra-
dios, record players, tape recorders, etc. It’s a
miniature amplifier capable of driving a speaker
with more sock than a table radio. You can use
it to make an electronic stethoscope, a signal
tracer, a telephone amplifier and in most any
other application calling for an audio amplifier.

FIX COLOR TV TROUBLES Fast—Teacher, author,
and consultant, Matthew Mandl covers the field
of troubleshooting the latest crop of color TV
receivers with practical tips and short cuts.

puiLp—Expanded-scale milliammeter. If you
need to measure only 30 to 35 mA, you simply
calibrate the meter for that range, and avoid
squinting at the scale. You don’t have to waste
the real estate between zero and 30 and between
35 to the end of the dial. You can spread the de-
sired range across the entire dial scale.

BuiLp—High-gain, 48-element, UHF TV An-
tenna, and watch those “blacked-out” TV sports
programs. This signal-snatcher works with and
without signal boosters.

now to—Become an Expert Electronic Organ
Tuner. Expert Dick Dorf goes to town with
this one and tells about the relationships of the
various tones and how to listen to the beat notes.
It’s a cinch.

PLUs—Still more feature articles, news and de-
partments.

April Radio-Electronics

and grounding plug.) Take the meter out on a trip, though,
and you can use battery power. Moreover, if you want to
measure the drop across a plate, collector or drain resistor
(above ground) just switch to battery and unplug the IM-
25 from the ac line. The meter then floats—and you get a
true, hum-free reading.

Heath’s engineering wizards can be forgiven the fol-
lowing oversights—if they will correct them.

Batteries are difficult to replace; you have to, not only
remove the cabinet back, but also open up a tubular plastic
holder. However, the plastic holder will protect the meter
and its components if the batteries spring a leak. (I recom-
mend using manganese-alkaline cells, as they last longer
than zinc-carbon.)

The onms control is hidden amidships, not on the
front panel. Perhaps a hole in the cabinet top?

There is no ac line fuse—a most common omission
among kit makers. I asked my I1M-25 to inspect its own
current drain, and it reported 15 mA. T installed a Y4-amp
fuse and holder on the back panel.

Ever since someone invented the single voltmeter
probe with the switchable dc isolation resistor I’ve been an-
noyed. Either the probe is too large for tiny transistor chassis
or the switch is poor. The probe supplied with the IM-25
has a movable lever controlled switch to short out the 1-meg,
1% dc resistor. The switch on my probe was intermittent.
(I must admit, however, that the threaded probe tip is a
good feature; you can screw on a mating alligator clip for
long-term measurements.)

How does it work?

Pretty doggone good. Like a wife, a vom should be
faithful, true and stable. The IM-25 is.

Heath advises that in the ohmmeter function the probes
put out a maximum of 7 mA at 70 mV. Thus you may
safely check resistance in transistor circuits. But this also
means (as Heath points out) that you can’t check solid-state
diodes for front-to-back ratio, since they won’t conduct on
such a low voltage.

In this age of miniature solid-state circuits with
midget-sized knobs, the IM-25 is sensibly scaled. The in-
strument is no smaller than it should be; the controls and
handles (two of them—at cabinet sides) are comfortably
hand-size.

You can’t go broke paying the electric company for
1.8 watts around the clock, I figure. So I leave my IM-25 on
all the time. Why? No turn-on transients, little change in
cabinet temperature, and ultimately (I hope) longer life. I
like the IM-25 and recommend it.—T/omas R. Haskett R-E

Manufacturer’s Specifications

Dc Voltmeter

Ranges: 0.15 to 1500 volts full
scale

Input Resistance: 11 megohms all
ranges

Accuracy: =3% of full scale

Ac or d¢ Milliammeter

Ranges: 0.015 to 1500 mA full
scale

Insertion Resistance: 10,000 ohms
(0.015 mA) to 0.1 ohm (1500
mA)

Accuracy: *4% (ac) or 5% {dc) of
full scale

Ac Voltmeter

Ranges: 0.15 to 1500 volts full
scale

Input Impedance: 10 megohms

68
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shunted by 175 pF

Accuracy: *+5% of full scale

Frequency Response: =2 dB, 10
Hz-100 kHz

Ohmmeter

Ranges: 10 ohms to 10 megohms
center scale

Power Supplies

Ohmmeter: 3 volts (2 C cells)

Ohmmeter bias: 1.35 volts (mer-
cury reference cell)

Amplifier: 18 volts, from batteries
(12 C cells) or ac line (120
or 240 volts, 50/60 Hz, ap-
proximately 15 mA or 1.8
watts)

Size: 13156” x 64" x 51"

Weight: 9 Ib

Price: $80.00 kit, $115.00 wired

RADIO-ELECTRONICS
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Battling Bollworms With Ultrasound

By JAMES A. GUPTON Jr.

WAY DOWN YONDER IN THE LAND OF
cotton, the familiar “Dixie” melody is
being replaced with ultrasonic space-age
music.

Bursts of high-frequency sounds,
similar to those emitted by bats while
hunting for night-flying insccts, may be-
come the most effective weapon in the
bollworm wars. The cotton bollworm
(Heliothis zea) also is known as the corn
earworm and the tomato fruitworm, in
dubious honor of the extensive damage
caused these two plants. If the new sound
technique proves successful, farmers
would be able to cut down on the use of
insecticides for protecting cotton, corn
and tomatoes from the bollworm’s de-

structiveness.
Bats, which feed on night-flying in-

MARCH 1968

By attaching microelectrodes (left) to the bollworm’s tympanum
nerve, researchers determine its hearing-frequency range. Shown

sects, emit high-frequency sounds in the
20- to 100-kHz region. This atmospheric
sonar system helps bats to locate their
prey. But, unfortunately for hungry bats,
bollworm moths also pick up the sound
pulses and are warned of a foraging
bat’s approach. Reception of the bats’
signals sets the moths to spiraling, diving
and zooming to escape being devoured.
While in flight, the moths don’t feed.

Entomologists working with the
Agriculture Rescarch Service, in cooper-
ative research with the South Carolina
Agriculture Experiment Station, are us-
ing electronic equipment to simulate bat
sounds. In laboratory tests, the reactions
of moths to frequencies generated elec-
tronically was quite similar to their reac-
tions to actual bat sounds.

Amid an array of electronic gen-
erators, amplifiers and measuring equip-
ment, entomologists experimented with

various sound frequencies to determine
the physiological response of moths,
detected as electrical impulses. Micro-
electrodes were connected from the tym-
panic nerve fibers of several insect sub-
jects to amplifiers so that the electrical
impulse signal could be observed on an
oscilloscope—audio-amplifier combina-
tion and recorded permanently on tape.

Test results indicate that a burst
of sound in the 21-kHz region may be
the most effective for field use. This fre-
quency does not appear to affect any
beneficial insects, nor does it disturb hu-
mans working in the fields.

Field tests were conducted by ro-
tating 6-inch transducers, a form of elec-
trostatic loudspeaker, which projected
the ultrasonic energy over the entire
field. During the tests, entomologists ob-
served and recorded the evasive flight
reactions of various moths, END

www americanradiohistorv com

at right are ultrasonic transducers—Y to 6 inches in diameter—
used to radiate sound and scare bolliwworins away from the crops.
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Horseflies, Tractors and Mr. Kirchhoff
7 volts and 7 volts can add up to 10 volts!

By WAYNE LEMONS

“PM A LITTLE SHOOK ABOUT MR,
Kirchhoff* this morning,” Jerry Whip-
ple told his high school electronics
instructor. “Did Mr. Kirchhoff know
about ac circuits?”’

The instructor—a short, balding,
plump man named Bean—scratched
his head and looked at the student.
Jerry was a glasses-wearing, baseball-
pitching senior who sometimes asked
embarrassingly complex questions.

«] suppose you mean the Kirch-
hoff who developed some laws for
electrical circuits?”” Mr. Bean.

“That’s right,” Jerry said, “the
guy we studied about in dc circuits.
Do his ideas hold water in ac circuits?”

“Far as 1 know.” Mr. Bean
grinned. “What'd you have in mind?”’

“See this circuit here?” Jerry
pointed to an inductor and a resistor:
“I¢s a 10,000-ohm resistor and a 10-
millihenry rf choke in series. The
experiment calls for putting a 160-
kHz, 10-volt peak-to-peak  signal
across the circuit.”

“Fine, so what’s your problem?”

“Well, according to Mr. Kirchhoft
the individual voltage drops across the
components in a series circuit are
equal to the source voltage. Isn’t that
so?”

“That’s right.”

“Then Mr. Kirchhoff better come
up with something new, ’cause 1 think
this circuit just repealed his law.”

Mr. Bean chuckled. “Don’t think
Mr. Kirchhoff can do that; he died, I
believe, in 1887. But I can’t recall
anyone ever disputing his conclusions
about circuits. What makes you think
you've found a flaw in Kirchhoff’s

rule?”
“I’ll demonstrate. With an rf de-

]
*Gustav Robert Kirchhoff, German physicist,
1824-1887.
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tector probe on the vtvm I measure
across the inductor and resistor and I
find 10 volts. See?”

“Yes.”

“Now,” Jerry said, “I'll measure
the voltage across the resistor. The
meter reads about 7.1 volts. And ac-
cording to Mr. Kirchhoff I ought to
have 2.9 volts across the coil. Right?”

Mr. Bean avoided an answer by
asking a question, “How much do
you have?”

Jerry didn’t reply. He moved the
vtvm leads across the coil and the
meter came to rest reading again just
over 7 volts. “Look at that—just about
the same as across the resistor.”

“So what’s wrong?” Mr. Bean ap-
peared puzzled.

“Wrong?” Jerry blurted. “What’s
wrong is that 7 volts and 7 volts add
up to 14 volts—not 10 volts. And that
proves that Mr. Kirchhoff, may he
rest in peace, was all wet.”

“Interesting,” Mr. Bean bantered.
“I've made a quick check in your
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If the switch is moved back and forth
between the two meters fast enough,
the meters cannot read the full battery
voltage, but only some lesser value.

www americanradiohistorv. com

addition, and 7 and 7 are 14 if you're
adding 7 and 7 of the same thing.
But, if you'll excuse my farm-boy up-
bringing, 7 horses and 7 flies don’t
make 14 horseflies.”

“I understand that,” said the boy.
“But I'm measuring volts and volts and
7 and 7 ought to be 14.”

“But obviously it isn’t,” said the
instructor. “You said yourself that you
had only 10 volts to start with. How
do you explain that? Maybe we should-
n’'t be too hard on Kirchhoff until we
look a little further into the matter.”

“But how is it possible that the
component voltage drops add up to
more than the source voltage?” Mr.
Bean went to the blackboard, motion-
ing Jerry to follow him. He drew a
battery symbol, connected one end to
an s.p.d.t. switch, and drew two cir-
cles to represent meters.

“Look at this circuit,” he said. “As
sume this is a 9-volt battery. If T move
the switch to the left, the left-hand
meter will read 9 volts. Agreed?”

Jerry nodded.

“If I move the switch to the right,
the righthand voltmeter will read 9
volts. Okay?”

Mr. Bean grinned a little and
continued: “Now if I move the switch
rapidly I will have both meters read-
ing. Because the pointer can’t return
to zero very fast I will have both me-
ters reading. let’s say, 6 volts. Right?”

“I see that,” said Jerry, “but I
don’t see what you’re driving at.”

“The point is this,” said Mr.
Bean. “Just because both meters can
be made to read 6 volts doesn’t mean
that the battery voltage is 12—even
though 6 and 6 are 1 2. Does it?”

“I think maybe I’'m beginning to
get a twinkle.” Jerry said. “Has it got
anything to do with the timing in the
circuit? Could that current trailing
along behind the voltage, you've been
talking about, have anything to do

RADIO-ELECTRONICS
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with what we see on the meters?”

“Just about everything,” the in-
structor said. “And if you understand
just how you’ll have gone a long way
toward mastering ac circuits.”

“Do you mean to say that the volt-
ages in my circuit are being switched
around and fooling the meter?”’

“Right.” Mr. Bean smiled. “No-
body can say that a meter has a lot of
sense—it can be fooled.”

“How?”

“If you put a certain voltage on a
resistor, the current will go up at the
same time the voltage goes up.
Agreed?”

Jerry nodded.

“What do we say the phase angle
of a resistor is then?”

“Zero degrees?”

“That’s right—we say that be-
cause there is zero delay between the
rise time of the voltage and current.
Now what about an inductor?”

-

When two opposing forces ineet, they
produce a third resultant force. The
strength and direction of the third
force depend on the first two forces.

“In class yesterday you said the
current lags the voltage by about 90°.”

“And just what does that mean to
you?”

“It means, I guess, that the cur-
rent does not start until after the volt-
age has already been on the coil a little
while.”

“And, as I pointed out yesterday,
the reason for that is that a coil tries
to oppose any c/iange in voltage across
it by developing a ‘back’ voltage—
called a counterelectromotive force—
so long as the voltage is changing. The
ac voltage starts to reverse after a
quarter of a cycle—or 90°—and when
that happens the current starts to flow
in the coil. So, in a perfect coil, the
current lag is 90°.”

“But what happens when there’s
a resistor in series?”

“Just what happened to you. The
phase angle shifts to somewhere be-

MARCH 1968

tween 0° and 90°. In your case the
voltage drops are almost identical
across the resistor and the coil, so the
phase angle is approximately 45°.”

“How do you know that?” Jerry
asked.

“I'm afraid my farm-boy upbring-
ing is still showing, but in one way or
another you've been dealing with this
phenomenon all your life,” said Mr.
Bean. “Suppose two tractors with the
same power pull cables attached to
the same tree. One tractor pulls north
and the other, east. Where will the tree
fall?”

“Halfway between the tractors,”
Jerry said. “To the northeast.”

“Right,” agreed Mr. Bean, “and if
we consider the tractor heading east
to be at zero phase angle, then the
tree will fall at a 45° angle to it.
Agreed?”

“Yes, I'm beginning to sce. If one
of the tractors went farther or faster
than the other, then the tree would
fall toward it and that would change
the phase angle.”

“Yes. And that’s what happens
in an electrical circuit when the volt-
ages aren’t pulling in the same direc-
tion. If the circuit has more voltage
across the resistor than across the in-
ductor then the circuit phase angle will
be less than 45°. If there is more volt-
age across the inductor then the phase
angle will be more than 45°,”

Mr. Pythagoras

“But,” mused Jerry, “I’'m still not
sure 1 understand how to figure the
total voltage in the circuit.”

“Sure you do,” said Mr. Bean.
“You probably learned it several times
in elementary school. Ever hear of
Mr. Pythagoras* and his theorem?”

“You mean the one about a right
triangle where the square of the hy-
potenuse is equal to the sum of the
squares of the other two sides?”

“That’s exactly what I mean. And
in our example here if these tractors
each had 7.1 pounds of pull on the
treetop then the total pull would be
V1. + T.1° = /50 + 50 = 10 Ib.
Does that suggest anything?

“Unfortunately it looks like you’re
going to get Mr. Kirchhoff out of my
dilemma,” Jaughed Jerry. “Anyway it
seems that my roughly 7.1 volts across
each component is going to have a
hypotenuse of !0 volts. I'm still not
sure, though, why the meters don’t tell
me.”

“Remember the switch analogy 1
used earlier?” Mr. Bean asked.

“You mean this circuit is a kind
of electronic switch?”

*Pythagoras. Greek philosopher and mathema-
tician, 582-500 BC.
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“You might call it that,” said Mr.
Bean. “You see your meter can’t re-
spond to that 160-kHz signal, so it just
finds the peak voltage across the com-
ponent and stays there.”

“Then you mean I really never
have 7.1 volts across either the coil
or the resistor?”

“No, I don’t mean that.” Mr. Bean
grinned. “It’s just that if you want
Kirchhoff’s law—or for that matter
Ohm’s law—to work in ac circuits, you
have sometimes to be concerned with
instantancous values, and not with val-
ues taken over a period of time.

“The meter reads the highest volt-
age that is ever across the circuit com-
ponents but at the very instant that the
voltage is 7.1 on one component, at
that very instant it is only 2.9 across
the other.”

“In other words,” Jerry said, “the
meter can’t fall back to 2.9 volts that
fast, so it just stays up at the peak.”

A

Pythagoras and friend contemplate his
theorem. He didn’t know it, but his
formula would work for electronics as
well as for many other fields of science.

“That’s pretty close,” said Mr.
Bean. “So we have to let Pythagoras
take over and do the mathematics, but
rest assured that Kirchhoff knew what
it was all about.”

“But what about Pythagoras?”
Jerry demanded. “He must have been
in his grave a long time before anyone
discovered electricity.”

“Yes, as far as anybody knows,
Pythagoras never dreamed of such g
thing as electricity. But like a lot of
other people who discover basic truths.
he supplied the answers before we in-
vented the problems.”

“And you can’t hardly get smarter
than that,” Jerry said and headed for
the door as the class bell rang.

Mr. Bean grinned affectionately
after his best student. It was nice to
have someone who cared enough to
question other people’s conclusions

. even his own. R-E
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RADIO-ELECTRONICS READER’S SERVICE

Here's how you can get manufacturers’
literature fast:

1. Tear out the post card on the facing
page. Clearly print or type your name
and address.

Include zip code! Manufacturers will
not guarantee to fill your requests un-
less your zip code is on the reader
service card!

2. Circle the number on the card that cor-
responds to the number appearing at
the bottom of the New Products, New
Literature or Equipment Report in
which you are interested.

For literature on products advertised in
this issue, circle the number on the
card that corresponds to the number
appearing at the bottom of the adver-
tisement in which you are interested.
Use the convenient index below to lo-
cate quickly a particular advertisement.

3. Mail the card to us (no postage re-
quired in U.S.A))

Advertisements in this issue offering free
literature (see the advertisements for prod-
ucts being advertised):

AEROVOX CORPORATION (Pg. 6) Circle 12
ALLIED RADIO CORPORATION (Pg. 82) Circle 114
ARCTURUS ELECTRONICS CORPORATION
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NEW PRODUCTS

More information on new products is available free from the manufacturers of
items identified by a Reader’s Service number. Turn to the Reader’s Service
Card facing page 72 and circle the numbers of the new products on which you
would like further information. Detach and mail the postage-puaid curd.

SPARK GAPS AND GAP CAPAC-
ITORS. Both arc available in arc voltage
ratings of 1.5 kV and 2.5 kV. Spark gaps
come with either conventional radial
leads or truncated crimped leads spaced
at 0.375” for printed-wiring boards. All
spark gaps have a maximum capacitance

of 0.75 pF. Gap capacitors, which con-
tain a 0.01 pl" ceramic capacitor section
in parallel with the spark gap, are avail-
able for those who want a unit that con-
tains both a capacitor and spark gap as
integral parts of a single unit.—Sprague
Electric Co.
Circle 46 on reader's service card

COLOR TV CONVERGENCE
RECTIFIERS. Available in 3-, 4-, and
5-cell models, they provide an exact re-
placement part for any sct. Cross-refer-
ence part numbering guide correlating
part number with original equipment

number is provided. Each part is pack-
aged individually. Also comes in master
pack of 10 rectifiers with counter display
card. Complete information and prices
are available.—~GC Electronics

Circle 47 on reader’s service card

CITIZENS BAND TRANSCEIVER,
The Commodore. Made for mobile ap-
plications, this 23-channel solid-state

MARCH 1968

transceiver uses a pulse eliminator to
eliminate interference and permits recep-
tion of weak signals without distortion.
5-watt transmitter is capable of 100%
modulation for maximum intelligible
power. Sensitivity: % uV for 10 dB; adja-
cent-channel selectivity down more than
60 dB; age, 4 dB max. rise in audio for
input signals from 1 ¢V to 0.1 V; squelch
sensitivity: adjustable from 1 V to 50
#V. Includes 350C microphone. Housed
in a beige cabincet with a walnut wood
panel and gold trim. $199.95—-Squires-
Sanders, Inc.
Circle 48 on reader’s service card

PREAMPLIFIER, the PT. Covers 6
through 160 meters and is designed for
use with ham transceivers in that range.
PT uses a frame-grid tube permitting a
wide range of gain control with high sen-
sitivity for flexible usage of the unit over

a wide range of signal conditions. Con-
trol circuitry allows the unit to be added
to virtually any transceiver without modi-
fication. Comes complete with built-in
power supply and connecting cables to
the transceiver.—Aerotron, Inc.

Circle 49 on reader’s service card

STEREO AM/FM RECEIVER,
Model 300. Uscs 82 semiconductors in the
solid-state circuit. FM circuit has 4 dual-
tuned if. stages, two limiters, antomatic
stereo-mono FM switching and intersta-
tion muting. Power output: 244 watts
peak, 122 watts total 1HF; power band-

F’ .!C“(( se8

width: 15-40,000 Hz; response: =1 dB,
18-60,000 Hz; sensitivity: less than 1.5
wV; selectivity: 45 dB; power require-
ment: 110-120 wvolts, 50-60 Hz ac.
$299.95. Optional walnut wood case is
$19.95.—Allied Radio Corp.

Circle 50 on reader’s service card
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STAPLE GUN TACKERS

Specially designed for

SAFE — FAST — SECURE
WIRE & CABLE FASTENING

No. T-18
For wires up to
3/16” in dia.
Uses round crown
staples in
38" leg only.

BELL, TELEPHONE, THERMOSTAT,
INTERCOM, BURGLAR
ALARM and other
low voltage
wiring.

For wires up to
14" in dia.
Uses round crown 45
* staples in 97327,
3/8”, 7/16", and Also
9/16" Ieg. used for -
RADIANT
HEATING =~
CABLE

Fastens same wires
as No. T-18

No. T-75
For wires and
cables up to

14" in dia.
Uses tack-pointed
staples in 9/16”,
%" and 78" leg.

W)

Y

SHEATHED CABLE, RADIANT
HEATING CABLE, WIRE
CONDUIT, COPPER
TUBING, DRIVE
RINGS, ETC.

o All-steel,
chrome. finish.
o Jam-proof mechanism
for trouble-free operation

SAFE! Driving blade automatically
halts staple at right depth of penetration!
Can't cut or injure wires and cables.

FAST! Powerful singie stroke action
shoots staples in 1/1000 of a second'
Saves 70% in time, effort and efficiency!

HOLDS! Staple -points diverge to

imbed- firmly in wood. Rosin-coated for
tremendous -holding power!

. Write for cataleg and information.

RRROW FRSTENER COMPANY [NC

Saddle Bréok, New Jerscy 07683

“Pioneers and Pacesetters
For Almost A Half Century”

Circle 106 on reader’s service card
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NEW PRODUCTS continued

STEREO RECEIVER, Nocturne
520. Employs metal oxide silicon field-

FIRST WITH

o Digital Integrated Circuits

@ 4 Crystal-Controlled
Oscillators

e Battery & AC Operation

Standard

The New Pace-Setting
CONAR Model 680

COLOR
GENERATOR

KIT $83.50 WIRED $114.50

Until now, no commercially
available color generator has
offered so many quality fea-
tures in a single instrument at
such a low price. Only the
CONAR COLOR GENERA-
TOR has all these features at
any price: exclusive digital
integrated circuits; exclusive
4 crystal-controlled oscillators;
exclusive AC or battery opera-
tion standard; completely solid
state; color amplitude control;
color phase adjustment; regu-
lated power supply; stability
control; TV station sync and
blanking pulses; nine patterns;
red, blue and green gun killers;
compact;lightweight; portable.

For details write Dept. CC8C

CONAR instruments

DIVISION OF NATIONAL
RADIO INSTITUTE

3939 Wisconsin Ave.,
Washington, D.C. 20016

WRITE FOR
FREE CONAR CATALOG

elfect transistors (MOSFET) in the FM
front-end to reduce crossmodulation and
overload. Sensitivity 1.95 ¢V and music-
power output 70-watt I.H.F. Frequency
response is virtually flat from 8 to 60,000
Hz at normal listening level. Highly reg-
ulated power supply assures clean, trans-
parent sound.—Harman-Kardon, Inc.
Circle 51 on reader's service card

COMPACT STEREO SYSTEM,
Scott 2502. Features 3-speed automatic
turntable with magnetic cartridge and
diamond stylus, direct-coupled silicon
output circuitry, microphone/guitar in-
puts, and stereo headphones. Also has a
field-eflect transistor AM/FM stereo tun-

er, integrated circuit if. amplifier and
precision signal-strength meter. Smoky-
gray plastic dust cover is optional. There
are three other models to choose from
in this series.—II. H. Scott, Inc.

Circle 52 on reader’s service card

CB TRANSCEIVER, Traceller. Ad-
jacent-channel selectivity is Detter than
50 dB. Incoming signal indicator acti-
vates with a white light when receiving
signals of 10 uV or more. Comes with
auxiliary speaker juck, modulation indi-

cator, de cord, microphone and safety
circuit which protects against mismatched
antenna, overload or incorrect polarity.
Includes mounting bracket and 23 crys-
tals. $149—Courier Communications, Inc.

Circle 53 on reader’s service card

o]

SELF-ADJUSTING NUTDRIVER.
Automatically adapts itself two ways:
First, the driver shaft sockets adjust them-
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selves to the size of the hex nut involved
(14" to %4¢”). Sccond, the hollow shaft
of the driver enables it to accommodate
bolt extensions to 17%4¢”. One driver
does it all, eliminating the need for an
array of individual drivers of various
sizes. $3.85.—-Vaco Products Co.

Circle 54 on reader’s service card

NIBBLING TOOL cuts holes to any
shape or size. You start with a %" hole
and “nibble” to size required. It cuts clean
without adding strain or distortion to the
edges or to original form. Capacity—

steel 18 gauge (.046) max.; aluminum,
copper, plastic Y¢”. This easy-to-use tool
cuts sheet metal like a punch and die.
Ideal for templates, shims, model parts,
radio chassis, air ducts, mechanical parts
and plastic sheets.—Adel Tool Co.
Circle 55 on reader's service card

SET(’HF.{LLI'. CARLSON

SERVICE CENTER, Afodel 135-
SC80X. Features picture tube connec-
tions, yoke connections up front, adapter
unit for servicing early Setchell Carlson
color units, jumper cables, antenna con-
nections to tuner on main panel and
tuner power socket. It coutains a 177 x
31”7 work space, test equipment storage
drawer and shelf and comes with an op-
erating chassis, tuner and all picture tube
hardware. Complete instruction manuals
and unit cross-reference charts are in-

cluded. $250—Setchell Carlson, Inc. R-E
Circle 56 on reader’s service card
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NEW TEST EQUIPMENT

SINE/SQUARE WAVE GENER-
ATOR, Knight-Kit Model KG-688. Sine-
wave frequency ranges from 20 Hz to
2 MHz; square-wave frequency ranges
from 20 Hz to 200 kHz. Uses silicon
semiconductors with a field-effect tran-
sistor in the oscillator circuit. SINE WAVE
SECTION: source impedance 600 ohms;
output attenuator to 41 dB in 1-dB steps
(6 switches). Accuracy is =5%; distortion
less than 0.25% across entire andio range;

frequency accuracy +3% except +5%
below 100 Hz and above 1 MIlz. sQuARE
WAVE SECTION: Frequency coverage 20
11z to 200 kHz in 4 ranges; oulput volt-
age adjustable 0-10 V p-p into high-im-
pedance loads; source impedance 200
ohms nominal; rise time less than 0.1
usec at 20 kHz. GENERAL: power require-
ments 100-130 V, 50-60 Hz ac; power
consumption 15 watts. $75.00—Allied Ra-
dio Corp.

Circle 57 on readers service card

NEW LOOK. 1968 Heath instru-
ments feature new shape and utility in
cabinets, new style in front panels and a
new high in functional performance and
appearance. Feature ultra smart beige
front panel framed with clirome and
black die-cast bezel. Meter and dial cali-
brations are easier to read. Top and Dbot-

tom cabinet shells easily removed to ex-
pose top and bottom circuitry and a large
portion of side areas. Instruments are en-
tirely functional when top and Dottom
shells are removed. The word for Heath
in 68 is definitely NEW,—Ileath Com-
pany
Circle 58 on readers service card
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HIGH-VOLTAGE TEST PROBE,
Model 2900. This test probe with a built-
in voltmeter is small enough and light

enough to be carried in a tube caddy. Tt
may be used on any color or black-and-
white TV, High-voltage adjustments can

be made at home without need for extra
equipment. All you do is ground the in-
strument, contact the high-voltage anode
with the probe tip and read voltage (up
to 30 kV) from self-contained meter. No
batteries used. $19.95.—Pomona Elec-
tronics Co., Inc.
Circle 59 on readers service card

VOLTOIIMMETER, WV-500A.
This solid-state, battery-operated volt-
meter and ohmmeter instrument requires
no warm-up time and eliminates zero-shift.

THE BOOK
YOU NEED

NEW 11th Edition of the famous HOWARD W. SAMS

Tube Substitution Handbook

TWIN PAK: 2 Books in 1 Package!

Regular size for your bench
Pocket-size for your tube caddy

Completely revised, each book contains identical up-to-date listings
of over 10,000 direct substitutes for all types of American and foreign
receiving and picture tubes. The most complete and updated direct
tube substitution guide available. Includes cross reference for all
American receiving tubes, list of picture tubes and substitutions,
cross reference for miniature tubes, industrial substitutions for receiv.
ing tubes, substitutions for communications and special-purpose tubes,
cross reference for American and foreign tubes. Instructions tell you
when and how to make proper substitutions. You get two hooks, each
with exactly the same information—the full-sized book for your
bench or reference library, the pocket-size for your tube caddy. 5975
Order 20615, both books for only . . . . 2

Shop edition only (514 x 815", 96 pages). Order 20614, only. .. . $1.75

ABC's of Ham Radio. 3rd Ed.

by Howard S. Pyle, W70E. Newly revised to
contain all the information you need to get
your novice-class amateur license. Covers all
the latest FCC regulations, including the new
incentive licensing program. Explains how to
apply for a license and what to expect in the
FCC exam. Shows you how to learn the code.
and how to set up your station and operate it;
provides a world of helpful hints to get you
into ham radio in the shortest time. $950
144 pages; 514 x 815”. Order 20638, only 2

Understanding Electronic Test Equip.

by Joseph A. Risse. Explains the operating
principles, functions, and applications of the
test equipment most commonly used in elec-
tronic testing and troubleshooting. Clear, in-
depth explanations help you to better under-
stand and make more effective use of test in-
struments; also shows you how to repair and
even calibrate them. Includes data on the latest.
solid-state instruments. Fully ijllustrated with
schematics, drawings, and photographs.s %
192 pages: 515 x 815”. Order 20613, only . . . . 4

101 Easy Audio Projects

by Robert M. Brown and Tom Kneitel. Includes
complete instructions for building 101 simple.
low-cost audio projects using parts salvaged
from discarded radio and television receivers.
Projects include a-m and f-m tuners, reverb
units, eavesdropping amplifiers, time-delay con-
trol boxes, hearing aids, and test equipment .
Many can be completed in just one evening.
Construction is enjoyable, and at the same time
you will also learn the bhasics of electronics. 5925
168 pages; 54 x 814". Order 20608, only . . . 3 J

ABC's of Transformers and Coils. 2nd Ed.

by Edward J. Bukstein. Because transformers
and coils are a part of almost all electronic
equipment, you must know how they work in
order to understand how circuits operate. This
book explains the basic principles of inductance,
transformer and coil construction, inductor
applications, and how to test and measure in-
ductance components. Includes computer de-
velopments (magnetic-core memory and logic
circuits, and toroidal and ferrite-bead induc- $975
tors).96]7ages;5%x8‘,§”.0rder206l2,on[y 2

These and over 300 other SAMS Books are available
from your local Electronics Parts Distributor.

49 EASY TRANSISTOR PROJECTS
SERVICING DIGITAL DEVICES

101 QUESTIONS & ANSWERS ABOUT COLOR TV

‘A HOWARD W. SAMS & C0., INC.

4300 W. 62nd St., Indianapolis, Ind. 46268

Circle 108 on readers. service card
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NEW TEST EQUIPMENT continued Unit is portable and thus ideal for home
and shop servicing. Provides 7 overlap-
ping resistance ranges to allow measure-
ments from 0.2 ohm to 1000 megohms.
Eight de¢ ranges measure from 0.02 volt
to 1500 volts, ac peak-to-peak voltages
of waveforms from 0.5 to 4200, and ac
(rms) voltages from 0.1 to 1500. Input
impedance in dec range is 11 megohms.
Single unit probe has a shielded input
cable. $75.00—Radio Corp. of America
Circle 60 on readers service card

DIGITAL OHMMETER, Model
DAMS-3200/DP-170, provides direct digi-
tal readout of resistance measurements
from 0.001 ohm to 1000 meghoms in 10
ranges with accuracy capability of =0.1%

Now, for men in electronics
—““a whole new era
of quick calculation”

«rTHERE MUST BE THOUSANDS OF PEOPLE in
electronics who have never had the marvelous adven-
ture of calculating problems with a single slide rule; other
thousands have had to content themselves with a slide
rule not specifically designed for clectronics. For both
groups, the new slide rule designed and marketed by
Cleveland Institute of Electronics and built for them by
Pickett will open a whole new era of quick calculations.
“Even if you have never had a slide rule in your hands
before, the four-lesson instruction course that is included
takes you by the hand and leads you from simple calcula-
tions right through resonance and rcactance problems
with hardly a hitch. If you alrcady use a slide rule, you'll
find the lessons a first-rate refresher course. And it ex-
plains in detail the shortcuts built into this new rule.”

From an article in
Radio Electronics Magazine

Want complete details about this time-saving new Electronics Slide
Rule? Just mail counon below...or write Cleveland Institute of Elec-
tronics, Dept. RE-150, 1776 East 17th St., Cleveland, Ohio 44114,

Mail this
coupon for el
F R E E B OO K L ET With new Elactranics Slide Rule and Instruction Course

e
c I Cleveland Institute of Electronics |
1776 E.17th St.,Cleveland, Ohio 44114

1
|
|
]
]
]
I
|
[
Please send me without charge or obligation your booklet de- |
scribing the CIE Electronics Slide Rule and Instruction Course. |
Also FREE if I act at once: a handy pocket-size Electronics |
Data Guide. |
|,
|
|
|
|
|
[

Name
{please print)
Address
City State Zip
Accredited Member National Home Study Council
A Leader in Electronics Training. .. Since 1934 RE-150

ot el b e e ]
Circle 109 on readers service card
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FS +0.1% of reading. Power applied to
resistor under measurement is 1 milliwatt
maximum. Nixie tvpe display tubes are
used for readout, and decimal-point indi-
cation is automatically displayed. 100%
overrange capability is provided. Display
time is variable, and is able to hold a
reading indefinitely. $560—Hickok Elec-
trical Instrument Co.

Circle 61 on readers service card

TEST LIGHTS, Nos. 5110 and
5105. Provide quick, efficient means of
locating the presence of ac or dc voltages
in the 5-50V range, they facilitate count-
less electronic, industrial, automotive and
in-home test procedures. Model 5105 is

'NP4~'°
C3tnpnptSO THE

NE.O. g

supplied with test prods and 5110 with
insulated alligator clips. Feature a lamp
that brightens as the voltage in the prod-
uct increases. Designed for the test needs
of the radio—TV service tech, but hobby-
ists and do-it-vourselfers will also find
them useful. -GC Electronics R-E
Circle 62 on readers service card

IEEE 1968 CONVENTION will be
March 18 through 21 in New York
City. More than 50 technical sessions
and 200 papers will be presented. All
sessions will be held at either the New
York Coliseum or the New York Hil-
ton hotel.

As usual, many manufacturers of
electronic equipment will display
samples of their latest gear.

!
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NEW LITERATURE

All booklets, catalogs, charts, data sheets and other literature listed here
with a Reader’s Service number are free for the asking. Turn to the Read-
er’s Service Card facing page 72 and circle the numbers of the items you
want. Then detach and mail the card. No postage required!

NEW SEMICONDUCTOR CATALOG.
Lists new devices suited for the hobbyist, experi-
menter, ham and service dealer. Featured are the
HEP 178 silicon bridge rectifier, HEP 240 NPN
silicon power transistor, HEP 452, HEP 802
N-channel rf FET and three integrated circuits,
HEP 570, 571 and 572. Gives costs, watt dissipa-
tion, voltage and uses.—Motorola Semiconductor
I’rods., Inc.

Circle 63 on reader’s service card

NEW CATALOG RC-100 and Bulletin RCP-
22. This 26 page catalog on relays, switches
pushbutton stations and reversing drum controls
presents complete clectrical and mechanical specs
and features for cach product line. A pocket-
sized replacement guide for potential-type motor-
starting relays wilh over 1400 listings is also in-
cluded.—Relay and Control Corp.

Circle 64 on reader’s service card

ELECTRONIC HARDWARE COMPO-
NENTS. A 1967 catalog of specs, dimensions
and prices of several thousand electronic hard-
ware components, including wired assemblies,
fasteners. terminals, heat sinks, insulators and
small enclosures. It is geared for the specifying
designer and engineer—Technical Accessories
Co.

Circle 65 on reader’s service card

QUICK-REFERENCE GUIDE TQO POW-
ER TUBES. Booklet B9431. Easy-to-read guide
describes high-vacuum amplifiers, pulse tubes and
diodes. Included in this 20-page booklet are tri-
ode and tetrode amplitier and pulse tubes. Di-
mensional diagram for every tube is included.
Tubes are grouped according to preferred ap-
plication.—Westinghouse Electric Corp.

Circle 66 on reader’s service card

THYRISTOR GUIDE. Offers a key to more
than 300 devices available for stepless power-
control designs. Covers SCR’s up to 35 amps
and voltages from 25 to 1000. Includes data on
plastic and metal unijunction transistors, plas-
tic bilateral triggers, SCR’s and many more.—
Motorola Semiconductor Products, Inc.

Circle 67 on reader’s service card

INFRARED THINISTORS, Bulletin MFN-
173. Describes infrared spectrum and traces the
history of infrared detectors. Also discusses de-
posited-film thermistors. Contains a glossary of
terminology and a table listing typical applica-
tions for infrared radiation with wavelength
bands.—Victory Engineering Corp.

Circle 68 on reader’s service card

PLANAR THYRISTOR GUIDE. 8-page
bulletin offers «escriptions of thyristor packages
with a breakdown of characteristics for silicon-
controlled rectifiers. Also contains a listing of
sales offices and distributors.—Fairchild Semi-
conductor,

Circle 69 on reader’s service card

COAXIAL CABLES, 9800 Series. New 8-
Page catalog makes it possible to select a coaxial
cable designed for a broad range of communi-
cation, TV and commercial applications includ-
ing CATV, color and black-and-white TV,
CCTV, MATV, FM, ETV and amateur and
Citizens-band radio.—Alpha Wire

Circle 70 on redder's service card

DESIGN IDEAS FOR ENGINEERS. Cara-
log AS5-68. 12-page catalog features an expanded
section for miniature remote-control relays,
swilches, readout indicators and pilot lights, ce-
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ramic terminal strips and machined atuminum
knobs. Each product section has complete list-
ings and prices, drawings and specs.—Alco
Electronie Products, Inc.

Circle 71 on reader’s service card

WIRE STRIPPERS, Bulletin No. 6. 8-page
brochure offers suggestions on how lo select the
right wire stripper lor your requirements. De-
scribes  mechanical hand, bench-mounted and
thermal strippers with specs, operational draw-

ings and ordering information.—Ideal Industries,
Inc.

Circle 72 on reader’s service card

COIL REPLACEMENT GUIDE. Catalog
No. 167. Details over 2800 coils and compo-
nents, including specs and prices. 56 of the 157
pages are a general catalog section which lists
over 200 new items and 3000 replacement parts.
~—J. W. Miller Company

Circle 73 on reader’s service card

Write direct to the manufacturer for in-
formation on the item listed helow:

FALL AND WINTER CATALOG, No. ]2.
Gives detailed specs and information on a va-
riety of products and offers a guarantee (0 meet
or better any price published for the same mer-
chandise. Includes electronic Kkits, test equip-
ment, amateur radio and CB equipment, tools
and accessories.—Conar. Div. of National Radio
Institute, 3939 Wisconsin Ave.,, N.W., Washing-
ton. D.C. 20016 R-E

INSTALL TOMORROW’S IGNITION
SYSTEM ON YOUR CAR TODAY

1he Judson
Flectronic
Maonel

e

&
_ @

WHY DRIVE A LATE MODEL CAR
WITH A 1910 IGNITION SYSTEM?

WHAT IT DOES: eliminates frequent tune-ups e
triples plug and point life « provides better and smoother
performance ¢ gives you positive ignition for turnpike
driving ¢ develops all the power your engine can pro-
duce « reduces fuel consumption and pays for itself o
you need one on your car now,

Do not confuse the Judson Electronic Magneto with
ordinary transistorized ignition systems. Guaranteed to
outperform and outlast any electronic ignition system
on the market. Sensibly priced at only $49.50. Can be
installed within twenty minutes.

Write today for Literature.

JUIDDSOIN

RESEARCH AND MFG. CO.
CONSHOHOCKEN, PENNA.
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Ve
(1.5-4.5V)

MISS-Q I 5 =
30 Basic 6 4
IC Projects” AR

(January

1968) Fig. 14
should be ' 2 13
modified as
shown here.

i}

> OUTPUT POSITIVE IF A& B ARE POSITIVE
'\ INPUTS " GROUNDED IF AORB IS GROUNDED

e AMERICA'S MOST
' RELIABLE TUBE ANALYZER

WonTinenTaLL
e

You don't need three guesses to tell if a tube is bad —or why. With
the new Sencore MU140 Continental, you know. Right now. And you
simply can't go wrong. Because it's a complete tube analyzer for 4-way
testing — true mutual conductance (using exclusive 5000 hertz square
wave), full cathode emission, 100 megohm grid leakage, and internal
shorts. Tests all tubes, including foreign — over 3000 in all. Obsolescent-
proof, too —with ‘“‘new socket” panel, and controls so standard the
switch numbers correspond to the pin numbers in any tube manual.

for only
179

I it's reliabjlity ' you want —for fea‘_r,s\,‘:& come — you
need the Continental: . It's the best way to be’ sure —

See America’s most complete line of professional
test instruments — at your Distributor now.

‘ SENCORE

NO. 7 MANUFACTURER OF ELECTRONIC MAINTENANCE EQUIPMENT
( 426 SOUTH WESTGATE DRIVE, ADDISON, ILLINOIS 60101

b Circle 111 on reader’s service card
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Build An IC Calibrator

(continued from page 34)

can make a table of dial settings for
cach 100 kHz across the band.

The crystal calibrator is especially
useful if you have a two-dial receiver.
The bandspread dial will have more
accurate tuning than the main dial by
a factor of 10 or so, provided the main
dial is set accurately. The calibrator
allows you to set the main dial pre-
cisely on any 100 kHz marker.

Vfo’s and signal generators. Cali-
bration of rf generators is best done
using a receiver to listen to both the
generator and the crystal calibrator.
First set the receiver to a known fre-
quency with the calibrator. Keep the
calibrator running and tune the signal
generator (or vfo) to zero beat. Re-
peat this at as many frequencies as
necessary.

Coupling of the calibrator and the
generator to the receiver should be
such that their strnegths are about the
same. It is important to keep the signal
levels low so that the receiver is not
overloaded.

Oscilloscopes. Once the crystal
calibrator has been adjusted precisely
to 100 kHz it follows that its period
(the time of one cycle of oscillation)
is precisely 10 usec. This accurate time
period can be used to check the sweep
speed of a triggered oscilloscope.

Set the oscilloscope time base to
100, 10 or 1 psec/cm. Connect the
calibrator to the vertical input. If the
sweep timing is correct you'll see ex-
actly 10 cycles/cm, 1 cycle/cm or
1/10 cycle/cm of the calibrator wave-
form display.

Sweep linearity can be checked
by setting the oscilloscope to display a
number of cycles of the calibrator
waveform. If the sweep is linear, the
waveforms will be evenly spaced across
the face of the CRT. If they appear
closer together in one portion of the
trace than elsewhere, the sweep is not
linear.

Audio osciltators. Calibration of
audio oscillators is best done with the
aid of an oscilloscope. Lissajous pat-
terns make calibration easy at submul-
tiples of the 100-kHz calibrator fre-
quency. If your oscilloscope has a
triggered sweep, use the calibrator to
trigger it (in the “external trigger”
mode). Display the audio oscillator
signal through the vertical amplifier.
At submultiples of the calibrator fre-
quency the display will stand still. If
the audio oscillator frequency is low,
the display will drift to the right. If its
frequency is high, the display will drift
to the left. R-E
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Crossover Network

(continued from page 46)

is shown in Fig. 4—a “constant-resis-
tance,” series-connected crossover. This
is a widely used arrangement, giving
good fidelity and providing an attenua-
tion of 12 dB per octave, which strikes
a happy medium.

While no calculations are re-
quired to use the accompanying nomo-
graph, the following formulas are
presented to give you an opportunity
to double check your work. Compo-
nent values are computed with the aid
of equations taken from m-derived
filter equations, where m = 0.6 (m-
derived filter design permits either
impedance or the attenuation charac-
teristic to be predetermined . . . a
factor of 0.6 favors impedance match
for a little more than about 80% of
the audio band of frequencies, hence
the reason for this particular network’s
“constant-resistance” characteristic).
The low-pass network (feeding the
woofer) consists of series inductor L,
and shunt capacitor C,. The high-pass
network (feeding the tweeter) consists
of series capacitor C; and shunt in-
ductor L. The equations are:

R 0.8
L — ° e g T S RN
YT 2af, Ce ~f.R,
_ R, =
L = 3.2xf, C“”‘zwnRo

where fq is the crossover frequency
and R, is the nominal speaker imped-
ance (assumed to be a pure resistance
and equal for both speakers) and the
output impedance of the amplifier.

The solutions to these equations
are rapidly found in the nomogram by
merely drawing two lines.

(1) From the value of fg, located
on its scale, draw a straight line to the
value of R, on the outer left-hand
scale. The values of Ly and L; are
found where the line intersects their
scales.

(2) Cu and C, are similarly
iound by extending a line from the
same point on the f; scale to the same
value of Ry, this time on the outer
right-hand scale.

Note that the left-hand R, scale
is labeled R(L). This is used for the
solution of the inductance values.
Similarly, the right-hand R, scale is
labeled R(C). This is for the solution
of capacitance values.

In the example shown, R, — §
ohms, f. = 400 Hz, C\y = 50 uF, Cp =
80 wF, L. =31 mH and L, =2
mH. R-E
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Top-Rates

Scotts Stereo
Tuner Klt (THERE'S A SOUND REASON.)

Popular Science

Popular Science magazine’s reviewer said, “I rate the LT-112-B as one of the
finest FM tuners available — in or out of kit form.” All of this fabulous
tuner’s critical circuitry comes pre-wired, pre-tested, and pre-aligned . . . and
the full-size, full-color instruction 'manual makes the rest simple. In just
eight hours, you'll have it complcted. Again, in the reviewer’s words: ‘“Stereo
performance is superb, and the set’s sensitivity will cope with the deepest
fringe area reception conditions . . . drift is non- Scowt . where innovation s a tradition
existent.”” See your Scott dealer and review the
new LT-112B-1 for yourself. Only $199.95.

HSCOTT

©Copyright 1967, H.H. Scott, inc. |

H.H. Scott, Inc., Dept. 570-03 Maynard, Mass. 01754, Export: Scott International, Maynard, Mass. 01754
Circle 100 on readers service card

Because you've ol (o SEE il (o BELIEVE il
+......We Will end you @ FREE sample!

nilant Llerving B
- | @ DATAMARK

— the easy new
way to label
your projects!

Just rub over the pre-print-
| ed words or symbols with a
ballpoint pen and they
e e e ek acnl transfer to any surface —
Fuanscuwens maansston? |goks like finest printing!
8 raansoucens ranseonm Label control panels, meter
B8l TRANSISTORS TRANSISTORS TR dials, letter on any""ng!

— at leading electronic distributors

DATAMARK SETS AVAILABLE FOR:

o Amateur Radio. CB
e Audio, Hi-Fi, TV
e Experimenter Home Ihtercom
o Industrial Test Equipment
o Switch & Dial Markings
o Alphabets & Numerals in
%", Ya” and 12"
— each set has black, white, and gold
SEND FOR FREE SAMPLE RE-38
THE DATAK CORPORATION
85 HIGHLAND AVENUE » PASSAIC, N. J. 07055

ELECTRONICS )
DATA GUIDE

Converwon Faclors and Constants

77 N T T § Y

[

-

wh

{
e

L-------.---

£Qual Rewstors in Paraliel

]
&, ehese a3 e aumde ol
9B e NS BT ol e,
Rewstors \n Passllel. Gerwrsl
Formula

Simnodal Yoitager and Currenty

Eftective cawe = 0 707 X pead vibve
D T D MR e G

ABSOLUTELY

FREE

Over 40 Electronics
Formulas on a Single
Shirt-Pocket Guide!

Want to save the trouble of “looking it
up”—or avoid the risk of remembering
inaccurately—every time you need elec-
tronics data? Send for our pocket-sized
Electronics Data Guide. Gives you
everything from conversion factors and
constants to color codes—and much
more! Durable plastic for lifetime use.
A “must” for men interested in elec-
tronics—provided as a service by CIE.
Get your FREE Guide today. Just fill
out the coupon below...then cut out on
the dotted lines and mail to Cleveland
Institute of Electronics, 1776 E. 17th St.,
Cleveland, Ohio 44114,

Name .
(Please Print)

Address

City.

State. Zip.

910

N D G O B EN S O D B D B D G G o0 ae e el

Circle 112 on readers service card Circle 113 on readers service card

Y
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ALLIED
NEW 1968
CATALOG

518
PAGES

SAVE ON:

* Famous Knighy.k;
B ght-K,
rs“"o HLFi its®
" Tape Recorders, 150
s cs 2.'w3y Radios P
wﬂlkle-'!alk:es
. SF,T'AM & AM Ragios
Ortwave Receivers
* Portabje Ty
* Phonographs
* Amateyr Geay
s Lntercoms & P
* Automotiye Electron;
. tr
est lnstruments e

TOP SAVINGS ON
THE BEST IN
ELECTRONICS

FOR EVERYONE

Shop by mail and save ot

Allied, world's largest

electronics headquarters.

Hundreds of

money-saving volues.

NO MONEY DOWN * TV Antennee g
Up to 2 years to pay! * Power Tools “ar‘;:“
. . are
MAIL COUPON | | Tubes, Trangistor
arts, g

BELOW atteries, Baoks

ALLIED RADIO, Dept. 2C
P.O. Box 4398, Chicago, 1ll. 60680
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(€147 -

STATE _' ZiP
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.
.
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.
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Circle 114 on reuaders service card

QUIETROLE

The Original Control
and
Switch Lubri-Cleaner

The oldest. most
reliable and efficient
product obtainable for
positive {ubrication and
cleaning of TV Tuners.
Controls and Switches.
Harmless to plastics
and metals. Zero effects
on resistance and
capacity. Non-inflam-
mable—non-conduchve—
non-corrosive.

The Choice of Better
Servicemen, Everywhere.

For Color and
Black and White

Available in Aerosol or Bottle

Product of

. QUIETROLE

COMPANY
Spartanburg, South Carolina

COLOR TUBE
PLUG 70°-90°

H1-VOLTAGE
EXTENDER

NEW LECTROTECH GOIOI’JIg

BLACK & WHITE
TUBE SOCKET

MODEL 7090

Double your shop capacity for only 24.50!

Designed for e Trouble shooting of non-color troubles: no sync, poor linearity,
no high voltage, intermittent picture, etc.

e Cooking sets for intermittents

e Aging shop repairs before delivery

For the shop without a color tube set-up, the Color Jig eliminates need to pult
set, cabinet and all, to shop for servicing. For the shop with a color tube set-up,
the Color Jig eliminates tie-up of costly color test set-up for non-color troubles.
Gun selector feature permits viewing of all 3 color outputs on black and white
tube. Operates with any standard black and white tube or most 12 pin duo-decal

base tubes.

¢

LECTROTECH,

See your distributor or write for details.

Complete kit $2 450

MADE IN USA.

1 N C. DEPT. RE-3

1221 W. DEVON AVENUE, CHICAGO, ILLINOiS 60626
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Computers Go To Sea
(continued from page 53)

commodations for 34 scientists. This
complement of scientists is larger than
normal and will permit a greater num-
ber of complex projects to be carried
out on the cruises, most of which will
be long.

Facilities are modern and exten-
sive, with special labs for chemical,
biological, and geological work. Draft-
ing rooms, a photo lab, an electronics
shop and meteorological labs also are
included.

The most valuable and useful tool
on the Bent is the Integrated Shipboard
Survey System developed for the Navy
by Texas Instruments, Inc. This versa-
tile system is designed to accomplish
most of the tasks necessary for an
oceanographic survey, furnishing the
data in digital form. It operates both
under way and while the ship is at the
test site. Under-way measurcments in-
clude specific gravity, depth, magnetic
field, sea temperature and sea-floor re-
flections. On-site measurements include
temperature, sound velocity. salt con-
tent and ambient light levels down to
20,000 feet. A sister ship, the USNS
Kane, now undergoing initial trials, will
be similarly equipped.

The equipment, ships and digital-
recording concepts described briefly
here have been chosen to show the in-
creasing tempo of modern oceano-
graphic rescarch. Several companies are
producing digital systems for sea work,
and the research institutions mentioned
are planning various significant projects
employing digital equipment. Other in-
stitutions, too. have similar projects un-
der way. In short, the broad and vir-
tually undiscovered oceans are the fo-
cal point of ever-increasing scientific
activity. So far, most of the effort has
gone into equipment development, but
now the pace is changing as the new
equipment moves out to sea. A new and
exciting era in oceanographic instru-
mentation lies just ahead. R-E

References

"“The Monster Buoy,” Geo-Marine Technology, Vel.
2, No. 4, April 1966

“R/V Silas Bent,” Geo-Marine Technology, Vol. 2,
No. 3, March 1966.

‘Oceanographic Instruments,” Oceonology, June
15, 1966.

“DIVEAR—An Unmanned Acoustics/Oceanagraphic
Research Vehicle,’”” Ocean Science ond Ocean
Engineering, 1965.

Graduates

EDISON TEC in Demand

Why not? They arc trained to be skilled techniclans—
in demand hy industry since 1945. Industry-recognized
enurses in  Electronic TV, Drafting. Why not earn
eredlts towards an Associate In Selence degree while
learning a vocational skill? Long-term USAF tultion
loans—start repayinf ten months after graduation at
only 3% interesi. Veterans training under Gl Bill alga
eligible. Investigate—no ohllgation. Write for eatalog.

EDISON TECHNICAL COLLEGE RE-3
4629 Van Nuys Blvd., van Nuys, Callfornia 91403
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NEW PATENTS

ELECTRONIC SIREN
PATENT No. 3,324,408

Ronald H. Chapman, Wheaton, Il.,

and Chas. W. Stephens, ")lmh'nglon, Ind.,
j il

(Assigned to Motomla, Inc., Franklin Park,

This siren is probably more compli-
cated than most. Unlike simpler types, it
sounds just like the mechanical sirens
used on fire engines and ambulances.

Transistors Q! and Q2 form a
Schmitt trigger, in which one and only one
transistor can conduct at one time. When
S1 is closed a positive pulse (through C1)
prevents conduction of QI, so Q2 is on.
As the capacitor charges, this reverse bias

sooner it cuts itself off. Thus, the fre-
quency rises with signal drive.

The charge of C2 is much more
rapid than its discharge. As a result, the
frequency rises quickly, then drops more
slowly, just as from a mechanical siren.
Furthermore, the output level is greater

for the higher frequencies. The frequency
range is from about 100 Hz to about 1
kHz.

disappears. Then Q1 conducts, and Q2
goes off. This square wave from Q2 is
rectified by DI to charge C2. As it
charges, then discharges, a sawtooth wave
is applied to Q3, a blocking oscillator,
that is normally nonconducting
Transformer T1 is connected for
positive feedback to Q3. When the saw-
tooth drives the transistor into conduc-
tion, it oscillates. Emitter flow charges
C3 positive, and since this is reverse bias
(for an npn) oscillations are quenched
quickly. The more fully Q3 conducts, the

gzzx 33K —
OUTPUT
A POWER
6.8K AMPL

‘hcs 7
 uF sl

Diode D2 damps out transient or high-
frequency oscillations.

Transistor Q4, a ringing amplifier,
shapes the final wave from this siren. The
untuned tank in its collector return is
resonant at 2 kHz. Normally Q4 is
blocked, but when driven by the pulses
from the blocking oscillator, it generates
a series of damped sinusoid waves. The
result is a series of damped waves occur-
ring at a frequency that rises and falls
periodically. The output power amplifier
raises the level as desired.

ELECTRICAL FENCE
PATENT No. 3,325,717

Win.

M. Nellis, §1. Paul, Minn.

(Assigned to Interational Electric Fence Co, Inc., Albert Lea, Minn.)

This very efficient device has no mov-
ing parts. The fence is charged to a high
voltage, but since the available current is
weak, there is no real danger 10 humans
or animals. It can be used to keep intrud-
ers out or to keep animals from straying.

Pulsating dc¢ charges Cl, in about 1
second, to the critical breakdown voltage
of the four-layer pnpn diode. Discharge
occurs in about 3 msec through the pri-

ratio of 60:1, and is supplied with about
50 volts.

R1 is a protective resistor. Its value
depends upon the resistance of the pri-
mary winding. The neon lamp indicates
when the fence is charged. Components
shown within the dotted lines may be en-
capsulated with an epoxy resin such as
type 241 or 250, made by the 3M Co,,
leaving four exposed terminals.

mary of Tl. The transformer has a turns R-E
FUSE i
= ) —wmauas m,m -*W\r 1
1500mA & FENCE -
n7vac 1300Py 3W | RSB aLEvE] _— il S5
[ E]
l S00K
Cl
++250,Lr/5ov
|
| | NEON LAMP
|
L o o
E _________ — ____l
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cAudio-(Solor

Lets you see your music

ASSEMBLED KIT FORM
$54.95 $44.95
$5 DOWN — $5 MONTH

Walnut finished cabinet included
Shipped REA Collect

Easy to build, easy to install. All transistor
AUDIO-COLOR adds a visual dimension to mu-
sical enjoyment. A brilliantly moving panorama
of color casts dancing images on a soft frosted
screen, reflecting rising and falling volume with
each beat of the music. Here's a truly unique
and exciting new musical experience. Make
check or money order to CONAR,

SEND FOR FREE CONAR CATALOG

CONAR Division of National Radio Institute

Dept. CC8C2, 3939 Wisc. Ave., Washington, D.C. 20016
Circle 117 on readers service card

COMPLETE TUNER
OVERHAUL

995

ALL LABOR
AND PARTS

(EXCEPT TUBES
& TRANS'STORS)*

12 TRANSISTOR

CUARANTEED  COLOR
ALICNMENT — MO
ADDITIONAL  CHARGE

COLOR TUNERS

Simply send us the defective tuner complete; include tubes,
shield cover and any damaged parts with model number
and complaint. Your tuner will be expertly overhauled and
returned promptly, performance restored, aligned to original

standards and warranted for 90 days.

UV combination tuner must be single chassis type; dismantle

tandem UMF and VHF tuners and send in the defective unit

only.

Exact Replacements are avallable for tuners unfit for over-
aut, As low as $1295 exchange. {Replacements are new of

rebuilt.}

And remember—for over a decade Castle has been the teader

In this specialized field . . . your assurance of the best in

TV tuner overhauling.

CASTLE

TV TUNER SERVICE, INC.
5715 ‘N. Western Ave., Chicago 45, Illinois
4-h§6 Vernon Blvd., Lnng Island Clty LNY.

For service in Canada write to Chicago of use
reader service card in this magazine.

*Major parts are charged extra in Canada.
<
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'NEW! LAFAYETTE HB-525C
L30|Id State 2-Way Radl

WITH “' Imcmm

cmcun'

VOoLtuMEe

sQueLcH

' ® 9\ 9

99-3156WX

o Size: 23" by 614"

23 CB Crystal
Controlled Channels
All Crystals Supplied!

{ FCC Type Accepted+D.0.T. Approved |

32 Semiconductor Performance with IC,
18 Transistors, and 9 Diodes

Dual Conversion for High Selectivity

Full 5-Watt Input

Range Boost™ Circuitry for Added Power

3-Position Delta Tune—Provides Accurate Fine Tuning

Mechanica! 455KC Filter for Superior Selectivity

Front Panel “S/Prf" Meter ® Variable Squelch Plus ANL

Public Address System (with external speaker)

12-Volt DC Operation (pos. or neg. ground) 6-Volt DC
(with optional DC Power Supply)

No Money Down

o9 O 0 000 o

’Imported

Accepts Priva-Com® Plug-in Tone Caller

FREE

JUST OFF PRESS!
1968
ATALOG 680
Over 500
Pages

Featuring Everything in Electronics for
o HOME « INDUSTRY « LABORATORY
from the “World’s Hi-Fi & Electronics Center”

LAFAYETTE Radio ELECTRONICS
Dept. JC-8 P.0O. Box 10

Syosset, L. I, N. Y. 11791
¥ N X W N N N N N N N N N B N N N N N §|

l ] Send me the FREE 1968 Lafayette Catalog 680 JC-8 l

- ]

I Name — ——— 1

|

§ Address . . - :

| I

i City State Zip i
U

) D & oan I OE GE GE GE GE an G G = @ OE aa G e G -G
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CB Troubleshooter’s
GCasebook v

Andrew J. Mueller

Case 1:

Common to:

Transceiver blows fuses on transmit but re-
ceive is okay.
Pearce-Simpson Sentry

84

Common to:

Remedy:

Reasoning:

Remedy: Replace diode D1 with one that has a 600-piv
rating.
3300
POWER (] ' 2NI540
HRANS éh TO RCVR SECTION
i =
TO o R TR SW s 2
RECTIFIERS, 4
ETC. I000,F/I6V TO A+
2 i
*==iC 2
+| DI DIOE
PN V=
IN2069 i 6905
200PIV o REP\AQF: -
= YA
p =
Reasoning: Transient voltage surges across the diode dur-
ing transmit cause it to break down and short.
This shorts the A line and blows the fuse.
Increasing the diode piv rating prevents fu-
ture trouble.
Case 2: While operating this unit on the ac line, there

is a hum on receive. This occurs only when the
antenna is connected. The hum becomes
worse when the squelch control is advanced.

Johnson Messenger Il

REPLACE OR

REMOVE Clcz T WRTRANS  bio eyt
- .005
c2 ? 6AWE uDIo
L 6816 e
ci =
s{.oosm % o~ 100K
- fé 415v
|
l ot 12K
ANT €3£ )
sack ooll
TR RELAY 15K S SQUELCH

47K
~ TO XMITTER

= % ‘i‘r \IOI
TO DET,ANL & IF STAGES

Replace or remove the ac line bypass capac-
itors, C1 and C2.

if C1 and C2 are leaky, 60-Hz ac is present
on the chassis. When the antenna is connect-
ed, this 60-Hz leakage is returned to ground
via the coaxial cable shield. Some of the ac’is
coupled to the center conductor by the
capacitance of the coaxial cable. This small
amount of 60-Hz signal feeds through C3 into
the rf input tank and avc line. Some also feeds
through R1 and modulates the avc line. As can
be seen by the schematic, 60-Hz ac gets into
almost every part of the receiver. This can be a
tough trouble to find, as the unit develops a
bad case of ac hum that bridging all filter ca-
pacitors and replacing all tubes fails to cure.

RADIO-ELECTRONICS
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Case 3: Smoking chassis; weak audio; plate of the

6GW8 modulator tube becomes red hot.

Common to: Hallicrafters CB-19

Remedy; Replace 6GWS8 tube and resistors R1, R2 and
R3.
AF QUTPUT 8 MOD
TR TO XMITTER
g TO SPKR
0047
-t
40/350V
680K 1

GRID TO CATHODE

SHORT] SILRECT

600 PIV

R3 ig +
L3¢} + +
FROM PWR TRANS 3 T4O/ 350V

: T3

Reasoning: The modulator tube frequently shorts between
cathode and grid. This removes the bias from
the tube and causes a large increase in its
plate current. This increase in current causes
R1, R2 and R3 to overheat, discolor and
change value. Be sure to replace the tube with
a new one before turning on the unit or the
same thing will happen again. Also check R4
as it may have gone bad.

Case 4. No receive. Transmit and modulation are okay.

Common to: E.C.I. Courier 23

Remedy: Replace i.f. transformer T1.

TI
IFT-455kHz

%Ir’ lT—oTSTIFAMPL
T3 [
A
oSS
SN
o(_ly
= RI$2.2K

0 l
5545kHz < 33K
'S =235V

= BAND SPREAD

12BE6
2ND MIXER-0SC

Reasoning: A check shows no voltage on the plate of the
12BE6 second mixer/oscillator. There is volt-
age, however, at the junction of R1 and C1. A
resistance check of T1 shows an open primary

winding. R-E
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Push the plunger. A spring-steel forked
tongue spreads out. Like this (=~
Hang it onto a wire or terminal, let go
the plunger, and Kleps 30 holds tight. Bend it, pull it, let
it carry dc, sine waves, pulses to 5,000 volts peak. Not a
chance of a short. The other end takes a banana plug or a
bare wire test lead. Slip on a bit of shield braid to make a
shielded probe. What more could you want in a test probe?

{ 147

S— g-— Available through your local
INC.

"! , e distributor, or write to:
129 Spencer Place, Mamaroneck, N.Y.10543

RYE INDUSTRIES
INDUSBSTRIES
Circle 120 on reader’s service card

NEWR COAX
LINE SPLITTER

for Celor TV

i

The Mosley M-22"
Ftwo set, and M- 24 four s

et

tereo distribution systems. ngh inter-
set isolation, low insertion loss. 52
Models may be combined to provide &
any number of lines for larger ‘
amplified systems.

Solderless. Easy
installation.

5E'!'JWrite Dept. 159 for FREE detailed brochure.

Mo /ey &8

Circle 121 on reader’s service card

4610 N. Lindbergh Blvd.,
Bridgeton Missouri 63042

)
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How to
become a

“Non-Degree
Engineer”

In today’s electronics boom, the demand for

men with technical education is far greater than
the supply of graduate engineers. Thousands

of real engineering jobs are being filled by men
without engineering degrees—provided they

are thoroughly trained in basic electronic theory
and modern application. The pay is good, the
future is bright...and the training can now be

acquired at home—on your own time.

86 Circle 122 on reader’s service card RADIO-ELECTRONICS
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MARCH

HE ELECTRONICS BOOM has created a

new breed of professional man—the non-
degree enginecr. Depending on the branch
of electronics he’s in, he may “ride herd”
over a flock of computers, run a powerful
TV transmitter, supervise a service or
maintenance department, or work side by
side with distinguished scientists on a new
discovery.

But you do need to know more than
soldering connections, testing circuits and
replacing components. You need to really
know the fundamentals of electronics.

How can you pick up this necessary
knowledge? Many of today’s non-degree
engineers learned their electronics at
home. In fact, some authorities feel that
a home study course is the bes: way. Pop-
ular Electronics said:

“By its very nature, home study devel-
ops your ability to analyze and extract in-
formation as well as to strengthen your
sense of responsibility and initiative.”

Cleveland Method Makes It Easy

If you do decide to advance your career
through home study, it’s best to pick a
school that specializes in the home study
method. Electronics is complicated
enough without trying to learn it from
texts and lcssons that were designed for
the classroom instead of the home.

Cleveland Institute of Electronics con-
centrates on home study exclusively. Over
the last 30 years it has developed tech-

1968

niques that make learning at home easy,
even if you once had trouble studying.
Your instructor gives the lessons and
questions you send in his undivided per-
sonal attention—it’s like being the only
only student in his “class.” He not only
grades your work, he analyzes it. And he
mails back his corrections and comments
the same day he gets your lessons, so you
read his notations while everything is still
fresh in your mind.

Students who have taken other courses
often comment on how much more they
learn from CIE. Says Mark E. Newland
of Santa Maria, Calif.:

“Of 11 different correspondence courses
T've taken, CIE’s was the best prepared,
most interesting, and easiest to under-
stand. I passed my 1st Class FCC exam
after completing my course, and have in-
creased my earnings by $120 a month.”

Always Up-to-Date

Because of rapid developments in elec-
tronics, CIE courses are constantly being
revised. This year’s courses include up-to-
the-minute lessons in Microminiaturiza-
tion, Laser Theory and Application, Sup-
pressed Carrier Modulation, Single Side-
band Techniques, Logical Troubleshoot-
ing, Boolean Algebra, Pulse Theory,
Timebase Generators...and many more.

CIE Assures You an FCC License

The Cleveland method of training is so
successful that better than 9 our of 10 CIE

www americanradiohistorv com
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men who take the FCC exam pass it—
and on their first try. This is despite the
fact that, among non-CIE men, 2 out of
every 3 who take the exam fail! That’s
why CIE can promise in writing to refund
your tuition in full if you complete one of
its FCC courses and fail to pass the licens-
ing exam.

This Book Can Help You
Thousands who are advancing their elec-
tronics career started by reading our
famous book, “How To Succeed in Elec-
tronics.” It tells of many non-degree engi-
neering jobs and other electronics careers
open to men with the proper training.
And it tells which courses of study best
prepare you for the work you want.

1f you would like to cash in on the elec-
tronics boom, let us send you this 40-page
book free.

Just fill out and mail the attached card.
Or, if the card is missing, write to:

2
g p== Claveland Institute
Q I E of Elsctronics

1776 E.17th St. Dept. RE-46
Cleveland, Ohijo 44114
Accredited Member National Home Study Council

ENROLL UNDER NEW G.|. BILL
All CIE courses are available under
the new G.I. Bill. If you served on ac-
tive duty since January 31, 1955, or
are in service now, check box on re-
ply card for G.1. Bill information.

89
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TECHNOTES

G-E TC CHASSIS

Some cases of Q21 failure in the power supply of this
chassis may be due to a broken solder connection at the
point where the series regulator (Q20) collector heat sink
is fastened through the circuit board. This point is located
behind the vhf tuner, next to the large electrolytic capacitor
(C401). If the solder breaks loose, Q20’s collector becomes
disconnected from the circuit, forcing Q21 to carry the full
output load and causing it to fail.

The remedy is completely to fill with solder the slot
where the heat sink passes through the hole. Use a fairly
high-wattage iron to make a good solder bond to the heat
sink, thus insuring a good electrical connection between
Q20’s collector and the circuit board.

It is recommended that you resolder this point on all
TC chassis which come in for service, to prevent future Q21
failure—G-E Portafax

VARIABLE-SPEED DRIVES

Troubles in Reliance and similar variable-speed drives of
the motor-generator type which are inoperative or do not con-
tro! properly can be traced with a 100,000-ohm potentiometer
and a 10,000-chm resistor.

BRAND NEW EDITION
SPRING & SUMMER

1 'l "y
\/ RADIO-TV

// ELECTRONICS
0 CATALOG

BURSTE]N APPLEBEE |
SINCE i3
E3RRYTHING IN RADIO-TL
O RLACTRONICS

\\\////’

THE WORLD’S MOST
FAMOUS CATALOG OF
3l ELECTRONIC EQUIPMENT !

YOUR BUYING GUIDE FOR:
® Stereo & Hi-Fi Systems & Com-
ponents ® Tupe Recorders ® Elec-
tronic Parts, Tubes, Tools ® Phonos
& Records ® fam Geur ® Test
Instruments & Kits ® Cameras &
Film ® PA e Citizens Band ® Radio
& TV Sets ® Musical Instruments

SEND FOR YOURS TODAY'!

g MAIL TODAY TO:
s ...‘.__-__‘-';_,_,:‘u cma cne. 5 SEERER o F e

i y i
1 BURSTEIN-APPLEBEE |
: Dept. REO, 1012 McGee, Kansas City, Mo. 64106 :
: Name . . | :
: Address____ :
| City State Zip Code :

, DO YOUR FRIEND A FAVOR...ALSO INCLUDE HIS NAME
AND ADDRESS IN ENVELOPE WHEN MAILING YOUR REQUEST

Circle 123 on readers service card

Remove the tube that controls the dc winding of the
saturable reactor associated with the generator-ficld thyratron
and connect the potentiometer and resistor as shown.

Open the armature loop circuit and turn on the drive.

If varying the potentiometer has no effect on the brilliance
of the thyratron, the trouble is in the phase-shift bridge or the

USE PINS FROM DISCARDED TUBE FOR CONNECTIONS
T0 CATHODE
TO;LATE

10K /2w 100K /2w

thyratron itself. If the brightness of the thyratron changes as
the potentiometer is rotated, the trouble lies between the re-
actor and the manual speed control. Repeat if necessary for
the motor field thyratron—R. C. Roetger

RADIO PLAYS ON BENCH BUT NOT IN CAR

Complaint: A transistor or hybrid auto radio plays OK
on the bench after repairs but is inoperative when rcin-
stalled in the car.

Remedy: Check the car battery for reversed polarity—
particularly if the repairs were made in the radio’s audio
output scction. Use vour meter. Don’t rely on battery ter-
minal markings. A transistor radio is about the only polarity-
sensitive device in a car so you won't find any others in-
operative,

Cause: The polarity of the car’s electrical system has
been reversed inadvertently by a mechanic who installed a
battery or generator incorrectly or reversed the battery ca-
bles. In the past three years 1 have found five cars with
reversed battery polarity.—R. J. Turner R-E

Underwriters Labs

“Tapping the picture tube will often
cure an intermittent heater . . "

90 RADIO-ELECTRONICS
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MATV It's Slmple (continued from page 40)

which can be adjusted to optimum by
the gain control on the main amplifier.

Selecting the equipment

Two factors are decisive here: the
conditions to be met and the equip-
ment that is available. Thus the mini-
mum amplifier size depends on how
much system gain is needed. Amplifiers
should always have plenty of gain. It is
better to have an oversized amplifier
loafing along than a small amplifier
working at full output.

Likewise amplifier size is set by
what is manufactured. If you need 35
dB, and find that amplifiers are made
for 30- and 40-dB output, you are going
to buy the larger one. There are some
opportunities for choice, and some
limitations. For instance, one company
has no preamplifier with the 20-dB gain
listed in our plan. But it does have a
12-dB preamp and a 40-dB main am-
plifier, the sum of which is approxi-
mately the same as the 20- and 30-dB
combination shown. Get all the cata-
logs from companies making MATV
equipment and familiarize yourself
with their lines.

Signal conditions impose limita-
tions, too. Near the TV station the
direct signal may be so strong that it
can be picked up on the lead between
the wall tapoff and the set. This pro-
duces a “leading ghost.” The answer is
75-ohm wall tapoffs, with coaxial cable
right to a 75-300-ohm balun installed
on the back of the receiver. Another
solution is to put more rf through the
cable—say 10 or 15 dBmV (instead of
0 minimum) at the set. In some New
York City installations, signals are so
strong that the short lead between an-
tenna terminals and tuner (in the
chassis) picks up too much signal.
Some technicians bring the coax right
up to the tuner. (This constitutes
modification of the owner’s receiver,
however, and creates legal problems as
well as diplomatic ones.)

Special problems

In most parts of the country the
problem is to get enough signal. In Fig.
2, we had plenty for the last receiver.
But what if the lines had been a little
longer, or the signals a little weaker?
What if Building Nos. 2 and 4 had con-
tained 32 apartments each instead of 8?

If more signal had been needed,
we could have supplied it. If it had been
due to weak or distant stations, we
could have used higher-gain antennas.
Or we could have beefed up the main

MARCH 1968 91

amplifier, if the problem had been
losses in the distribution line. But it is
not good practice to use more than
about 50 dB—though amplifiers can be
obtained with outputs up to 66 dB.
Possibly a better way would be to in-
sert another line amplifier at the be-
ginning of each of the 200-foot lines.
Then Building Nos. 2 and 4 would get
24 dB instead of 14. We could then run
16 tapoffs on each of two lines, or bet-
ter, use a 4-way splitter and 4 lines of
8 tapoffs cach.

There are, of course, an almost
infinite number of possible problems
(and solutions) and we have been able

to indicate only a procedure that will
(we hope!) solve most of them. As in
every other field, every once in a while
an absolutely insurmountable difficulty
arises—and shortly afterward a way to
lick it! If you have one you haven’t
been able to conquer—yet, let RADIO-
ELECTRONICS hear about it. We might
know how (or where) to get the
answer. R-E

SCHOOL DIRECTORY

Learn Electronics for your

SPACE-AGE EDUCATION
at the center of
America’s acrospace industry

Tech, in sunny Southern Cualifornia.

they’re graduated!

WRITE TODAY FOR CATALOG.

distinguished graduates
)_wld im]vortant engineering and business admin-
istration posts throughout U.S, Professionally-
oriented college with outstanding placement
record. Four-quarter year permits degree in

No matter what your aerospace goal,
you can get your training at Northrop

COLLEGE OF ENGINEERING.
Get your B.S. degree in engineering in
just 36 months by attending classes year
round. Most Northrop Tech graduaies
have a job waiting for them the day

A & P SCHOOL. Practical experience
on real aircraft. One-year course pre-
pares you for F.A.A. A&P certificate.

NORTHROP INSTITUTE OF TECHNOLOGY
1199 W. Arbor Vitue. Inglewood, Calil.

e AT AT . TR

GET INTO

ELECTRONICS

V.T.L. iramning ieads Lo auccess as
technicians, tield engineers, specialists
in communlcations, guided missiles,
computers, radar and automation, Basic¢
& advanced courses in theory & labora-
tory. Electronic Engineering Technol-
Ogy & Electronic Technology currlcula
both available. Associate degree in

B . also obtainable. G.I. ap.
proved. Graduates in all branches of
electronics with major companies. Start
'eb.,  Sept. OTINS, campus. 1g]
school graduate or equivalent. Catalog.

VALPARAISO TECHNICAL

INSTITUTE
Dept. C, Valparaiso, Indiana 46383

ter June, Sept., Jan.,

TRI-STATE

three years. Fine faculty. Modern labs, Small
classes. 300-acre campus. Accredited.
Approved for vets. Modest costs. En-
March. For
Catalog, write Admissions Director.
COLLEGE
2438 College Avenue, Angola, Indizna 46703

ELECTRONIC
TECHNICIANS!

Raise your professional standing
and prepare for promotion! Win
your diploma in

ENGINEERING
MATHEMATICS

from the Indiana Home
Study Institute

We are proud to announce two great
new courses in Engineering Mathematics
for the electronic industry.

These unusual courses are the result of
many years of study and thought by the
President of Indiana Home Study, who
has personally lectured in the classtoom

LEARN TECHNICAL
WRITING

L

Z Z2; for prestige, high pay
A Zzz% o] ) f
2 %' P advancement
N1

EE W/ 00, WRITE YOUR WAY TO SUCCESS. Erec.
:.{ = ’L/"‘/ %A tronics. aerospace. glamour industries need
Z ";,/4'/ /./é trained writers now. Technical Writing is one

of the highest paying careers NOT uquivin_g
collzge. The demand for trained writers is
growing with thousands needed in all areas.

" ATWS WILL TRAIN YOU AT HOME AT
/// LOW COST. ATWS home training is fast moy-
X ing, fascinating, easy-to-follow. Includes
everything you need to become a top-notch Tech Writer. Low cost. Send today
for free career book and sampie lesson. No salesman will call. APPROYED
FOR VETERANS.
AMERICAN TECHNICAL WRITING SCHOOLS, D~ RF-38

5512 Hollywood Boulevard. Hoilywood. Calitornia 90028

<A

,.‘N\\\‘\\
24

14

)

to thousands of men, from all walks of
life, on mathematics, and electrical and
electronic engineering.

You will have to see the lessons to ap-
preciate them!

NOW you can master engineering
mathematics and actually enjoy doing it!

WE ARE THIS SURE: you sign no
contracts—you order your lessons on a
money-back guarantee.

In plain language, if you aren’t satis-
fied you don’t pay, and there are no
strings attached.

Write today for more information and
your outline of courses.

You have nothing to lose, and every-
thing 1o gain'

The INDIANA
HOME STUDY INSTITUTE

Dept. RE-3, P.0. Box 1189, Panama City, Fla. 32401
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POLICE-FIRE-AIRCRAFT CALLS

—TUNABILITY — USABILITY — QUALITY —

T | oureur 1300 2c Tomphin: Radle Prodicts
L Do,

TUNABLE, CALIBRATED solid state converters
to change your auto and home radios into
excellent, sensitive, selective, and calibrated
VHF receivers!

“Of all of the converters tested by POPULAR
ELECTRONICS there is little doubt that the “TRP
TUNAVERTER" is the most versatile.”” —POPULAR
ELECTRONICS MAGAZINE, August 1967.

e 6-1 reduction tuning! e Plug into auto radio!
e HF-2 gang tuning! ¢ American Made!

e VHF-3 gang tuning! « 9 volt btry powered!
o FREE 24” conn. coax! ¢ Size 2V4 x 312 x 412"
e 2 WEEK MONEY BACK GUARANTEE!

Models for AM & FM
BAND MODEL COVERS  OUTPUT
Marine  Marine 2.0-2.85 mc 550 ke
SW& WWV SWL 9.3-10 mc 550 ke
CB&IOM 273 26.9-30 mc 1500 ke
6 meters 504 50-54 mc 1500 ke
2 meters 1450 144-150 mc 1500 ke
Palice, 308 30-38 mc 1500 ke
fire, & 375 37-50 mc 1500 ke
Marine 1564 150-164 mc 1500 kc  $29.95 ppd
Aircraft 1828 118-128 mc 1500 kec $29.95 ppd
Radiation Loop & Extension Antenna for using
TUNAVERTER with home and transistor radios

$3.95 ppd
Order from: Fast AIR MAIL add $.85 ea.

HERBERT SALCH & C0. sierkering piviaion or

Woodsboro RE3, Texas 78393 Tompkins Radio Products

PRICE
$19.95 ppd
$19.95 ppd
$29.95 ppd
$29.95 ppd
$29.95 ppd
$29.95 ppd
$29.95 ppd

Circle 125 on readers service card

NEW SEMICONDUCTORS

COLD-CATHODE TRIGGER TUBES

The ZC1031 is one of a new fam-
ily of gas-filled trigger tubes featuring
high brightness and sensitivity. De-
signed as a switching and indicating
device, its single starter circuit makes
it ideal for use in shift registers for
moving-text displays. A spluttered mo-
lybdenum cathode and precisely con-
trolled gas content give it a narrow

The ZC1031

ignition-voltage range.
has high light output (approximately

0018 foot-candle), which makes it

clearly visible at a considerable dis-
tance under high ambient light. Com-
plete specifications on this and other
cold-cathode tubes in the line can be
obtained from Amperex Electronic
Corp., Tube Div., Hicksville, N. Y.
11802.

IC AUDIO PREAMP

The Amperex TAA 310 is a sili-
con monolithic integrated-circuit am-
plifier designed for use as a high-gain
audio preamplifier. It has a noise fig-
ure of less than 4 dB and a minimum
voltage gain of 90 dB with a 1,000-
ohm load impedance. These factors
along with its high input impedance
make the TAA 310 especially suited
for use as a recording and play-back
preamplifier for tape recorders.

The diagram shows the TAA 310
in a practical tape-recorder preamp
circuit. Gain is around 64 dB in the
record and playback functions. Total
distortion is less than 0.5% with 0.5 volt
rms output. The TAA-310 comes in a
10-lcad TO-5 package. Unit cost is
$4.90. R-E

THE LB : DOWN—BUT THE DOLLAR AT BROOKS

BUYS MORE than PRE-WAR % % % %

THE PRICES SPEAK FOR THEMSELVES!

FREE $1 BUY WITH EVERY 10 YOU ORDER "y zreie

HEARING AID AMPLIFIER

$
fncl. 3 Tubes, Mike, etc. (as is)

O

50 — #3AG FUSES V2 AMP $
popular type with pigtlails

6 — SELENIUM RECTIFIERS $

asst. 65ma, 100ma, 300ma, ete. ..

50 — ELECTROLYTIC CONDEN- §
SERS 25mfd-6v, top quality

d

TV TUNERS asst. all

all complete (less Tubes)

standard §

3—ELECTROLYTIC CONDENSERS $
250/200/50mfd — 175/175/175v

10—~ASSORTED SLIDE SWITCHES $
SPST, SPDT, DPDLT, etc.

20 — EXPERIMENTER’'S COIL $
“JACKPOT’ assorted for 101 uses

ol | 7 [ W [

15 — ASST. RADIO ELECTRO-
LYTIC CONDENSERS

15 — ASST. ROTARY SWITCHES

all popular types $20 value

O

O

20 — ASST. DUAL CONTROLS

for Radio, TV, Hi-Fi, Siereu, etc.

O

5 — ASSORTED TRANSFORMERS
Radio, TV and Industrial

a

d

IMMEDIATE DELIVERY . . .

FORMERS asst. 6L6, 50L6, 6KG, 3Q41

HANDY WAY TO ORDER: Pencil mark or write amounts wanted in each box, place letter

4 — AUDIO OUTPUT TRANS.- §

1

1

1

1

U
)

O

E in box for Free $1 BUY. Enclose with check or money order, add extra for shipping.

Tearsheets will be returned as packing slips in your order, plus lists of new offers.

[0 CHECK [J POSTAGE STAMPS [] MERCHANDISE (our choice) with advantage to customer

487 Columbus Ave., New York, N. Y. 10024

Please specify refund on shipping overpayment desired:

BROOKS RADIO & TV CORP.,

92
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FREE GIFT WITH EVERY ORDER

2 — POWER TRANSISTORS Re- $1 D TRANSISTOR RADIOQ asst type 51.50 D 10 — STANDARD TRANSISTORS 51
place 2N155, 2N178, 2N301, etc. good, bad, broken, as-is, potiuck NPN & PNP 2N404, 2N414, ete.
TAPE RECORDER — assorted types 10—ASSORTED DIODE CRYST
EX,TRr?pbfacPeSO\!c’SE%ITR&F:’?!}S’TSQB $1 D good, bad, broken, as-is, potluck . 54 D 1N34, 1N48, IN60, 1N64, e?c.A.L.S s1
TELEPHONE RECORDING DE- § 50 — ASSORTED MYLAR CON-
Z;gl:ul?:f{\yspse iAsﬁZEE‘S‘T‘C‘)F!(‘ CI.IPS s1 D VICE instant suction cup fit ..... 1|l:] DENSERS popular selected types $1
CRYSTAL LAPEL MICROPHONE ¢ 3 — TOP BRAND SILICON -
10 — SPEAKER PLUG SETS $1 D high fmpedance, 200-6000 cps 59 E] TIFIERS ! amp, 1000 PIV REC $1
deluxe type, 2 conductor .......
71 3 — CO-AX CONNECTORS 51 100 — ASST 4 WATT RESISTORS §
10 SETS — DELUXE PLUGS & $ [__ ..................... D tand. choice ohmages, in 50% 1
JACKS asst. for many purposes .. 1 30239 S ket
D 2 — CO-AX CONNECTORS 52 D lOO—AISS_T V2 WATT RESISTQRS’ $1
10 — SETS PHONO PLUGS & 51 PL-259 6wt i dsnme o adsino oo stand. choice ohmages, some in 59%
PIN JACKS RCA 1ype ......... 70 — ASST 1 WATT RESISTORS $
[ ] 10 — TRA.NSISTOR RADIQ EAR- $1 E] stand. choice ohmages, so in 5o 1
10 — SURE-GRIP ALLIGATOR $1 J PIECES wired complete with plug e Lt soey
CLIPS 27 plated oo oo piansvne . 35 — ASST 2 WATT RESISTORS
XI ] glosf’o'ohaﬁfD;lasosor?xﬁﬁls JACK- 51 D stand. choice ohmages, some in 5% $1
0 HRARS & IV SHER S 50 — PRECISION RESISTORS  §
all type in, in, € in, etc. —_ C
e RS S PR e (] 3:V2MEG vOLUME CONTROLS $9|[ ] 207 ifiterice 350 ens o850 .. *1
J ith switeh, 37 shaft ..........
50 — ASSORTED PRINTED CIR- § 20 — ASSORTED WIREWOUND
CUIT SOCKETS best types ... 1 50 — TUBE CARTONS (colored) 51 RESISTORS, 5, 10, 20 watt ... $1
[ assorted sizes for Popular Tubes . .
100 — SLRISS _AS_SORTED SPA- $1 T 100 — ASST. MICA CONDEN- $1
GHETTI handy sizes ........... L 1 10 — ASSORTED TUBES $1 SERS some in 5% ........c0000
50 — ASSORTED PRINTED CIR- $1 —J Radio, Television and lndustrial .. 5 — PNP TRANSISTORS $1
CUIT SOCKETS best types ..... C1 ALL AMERICAN TUBE KIT L general purpose, TO-5 case vovs ..
b | Top Standard Brand — 12BA6, -
}go—LSA]Si?ELElEhVOLUME CON s1 12BES, 12AV6, 50C5, 35wW4 .... 52 D gene:rr:u;l;)%{s\er:‘i‘lggoczge ...... $1
: — 50 — ASST. DISC CERAMIC
;RBL?S\ig\R:\ERclYOLUME CON $1 D SHSTOERRRAN DRI SHARTUAES $1 D CONDENSERS popular numbers . . $1
. i ‘ 2
Scientific light packing for safe delivery at minimum cost. B0 000 000 ;::;: ‘‘‘‘‘‘ o
Address Shipping
estimated ,.... seen
............. TOTAL

TELEPHONE
212-874 5600

RADIO-ELECTRONICS
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AND MICROCIRCUITS

Vee +7v

64
) 068
RECORD X
LEVEL >38K
i
25"+ !
47K PLAYBACK !

IK

10K

TAA3I0 EQUIVALENT CIRCUIT

NOTE:-
PINS 18 6 NOT CONNECTED.
PIN 2 CONNECTED TO CASE.

ouTPUT

\

PERMOFLUX .
WILL GO T0
YOUR HEAD
Ir. ..

you're seeking the ultimate

in frequency response, superior
engineering and durability. Write
today for the dealer nearest

you. A demonstration will prove
to you why Permoflux headphones
are used by the leading experts

in all professions where

sound is foremost.

All ear speakers are

fully warranteed for life.

LTI R
MM[‘IX Corp.

P.O. Box 6364, Dept. RE 1
GLENDALE, CALIFORNIA

STANDARD OF THE WORLD

/
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CANADIANS: Ordering is easy
[—SARKES TARZIAN TV TUNER 41mc—

Latest Compact Model—for all 41 me TV'’s.
NEW-—MONEY BACK GUARANTEE

Parallel filament

COMPLETE with Tubes & Schematic

Same TUNER as above (series fil.) $7'95

STANDARD TV TUNER
Popular type for many TV's

$7.9.‘.

e

. .57.95 ﬁ;

. we do the paperwork

—Mastercraﬂ RADIO —

We tested
hundreds of brands

6 Transistor Radios
side-by-side
and picked the:

® BEST STYLE

® BEST VALUE
Red, White, Blue, Black

Price ql':shed to 3 Complete

.. try
RECORDING
TAPE (Mylar)

3~ 225,
3Va" — 600" .
600’ ..
- 900" ..
- 1200° ..
— 1800° ..
— 2400° ..
— 3600° ..

CASSETTE 1 hr .

of

517

1.00

small order

IB COMPUTOR

SECTIONS
8 assorted Units we
sell for $I are

loaded with over
150 valuable parts.

Inel. — Transistors
Condensers, Resist.
ors, Heat Sinks, Di.
odes, Ete.

8 for $1
100 tor *10

——

—

L

RCA 110°

100 — TV TWIN LEAD-IN WIRE 51

300 ohm, deluxe heavy duty, clear

FLYBACK TRANSFORMER

We scooped the Market
Latest type — standard
for all 1102 TV's

RCA’s design of large
., Coil produces 1BKV—
s Aassuring adequate width

Ine! Schematic Dlagram
application for any TV

List price $13.90

*3

30% off in lots of 3

4 Your price ..

O

110° TV DEFLECTION YOKE

for all type TV’s inel schematie

*3

L—] RCA 110° FLYBACK

“COMBINATION SPECIAL"
plus 110° DEFLECTION YOKE

0 0o

MARCH

90° FLYBACK TRANSFORMER

for all type TV's inel schematic

2

90° TV DEFLECTION YOKE
for all type TV's incl schematic

70° FLYBACK TRANSFORMER

for all type TV’s incl schematic

1
1

70° TV DEFLECTION YOKE

for all type TV's inel schematic

1968

A
O oag

$2/,

U
U

0 o0d

,_
L

20 — ASSORTED TV COILS

L.F. video, sound, ratio, ete.

1 — LB SPOOL ROSIN-CORE
SOLDER 40/60 top quatlity

100 — ASST. RADIO KNOBS

all selected popular types

50 — TUBULAR CONDENSERS
asst. .001 10 .47 —300v to 1000v

3—ELECTROLYTIC CONDENSERS

most popular number 50/30-——150v

3—ELECTROLYTIC CONDENSERS
1000/1000/500mfd — 35/35/20v

CHAPT ZU DI MITZIA “JACK-
POT’’ double your money back if
not comptletely satisfied

50 — ASST. TERMINAL STRIPS
all types, t-lug to 6-lug

25 — INSTRUMENT POINTER
KNOBS sclected popular types .

5 — L.LF. COIL TRANSFORMERS

sub-min for Transistor Radios ...

5 — AUDIO OUTPUT TRANS-
FORM Sub-min for Trans Radios

4 — TOGGLE SWITCHES
SPST, SPDT, DPST, DPDT

32' — TEST PROD WIRE

deluxe quality, red or black
CLEAN UP THE KITCHEN “JACK-

POT’ Big Deal
only one to a customer
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2—G.E. PIECES OF EQUIPMENT 51
stacked with over 200 useful parts
1

15 — G.E. #fNE-2 TUBES

Neon Glow Lamp for 101 uses ..

20 — ASST. PILOT LIGHTS
#14, 46, 47, 51, ete.

50 — ASSORTED #3AG FUSES 51

popular ampere ratings

WIRE “JACKPOT" good varlety $9

4 — 50° HANKS HOOK-UP WIRE 51
assorted colors ...............

100’ — SPOOL SPEAKER WIRE S1
2 cond, mini zip, clear, 101 uses .

' 69

25’ — ELECTRIC EXTENSION 51.14
CORD for heavy duty work ..

15 — ELECTRIC EXTENSION
CORD #18, brown or white .

50° — INDUSTRIAL EXTEN. 51497
CORD for heavy duty work . .

6’ — AIR CONDITIONING 51.15
EXTEN. CORD w/both plugs

12' — AIR CONDITIONING 51,59
EXTEN. CORD w/hoth plugs

BONANZA ""JACKPOT'/ not gold,

not oil, but a wealth of Electronic $5
Items—Money-Back-guarantee . . .

Circle 126 on readers service card
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1000 — ASST. HARDWARE KIT $1
screws, nuts, washers, rivets, ete.
300 — ASSORTED HEX NUTS $1
2/56, 4/40, 5/40, 6/32, 8/32 ..

250 — ASST. SOLDERING LUGS $1
best types and sizes ...........

250 — ASST. WOOD SCREWS 1
finest popular selection ....... .

250 — ASST. SELF TAPPING 51
SCREWS #6. #8, etc. ..

150 — ASST. 6/32 SCREWS $1
and 150 6/32 HEX NUTS - .- .- -

150 — ASST. 8/32 SCREWS $1
and 150—8/32 HEX NUTS ...

150 — ASST. 2/56 SCREWS $1
and 150-2/56 HEX NUTS ....

150 — ASST. 4/40 SCREWS $1
and 150-—-4/40 HEX NUTS ...

150 — ASST. 5/40 SCREWS $1
and 150-5/40 HEX NUTS ...

500 — ASSORTED RIVETS $1
most useful selected sizes ..... .

500 — ASSORTED WASHERS $1
most useful selected sizes ......

100 — ASSY. RUBBER BUMPERS $1
for cabinet bottoms & other uses ..
1

100—ASSORTED RUBBER GROM-
METS best sizes

93
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Fill in coupon for a FREE One Year Sub- §
scription to OLSON ELECTRONICS’ Fantas-
tic Valve Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousands
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
CITY

GIVE ZIP CODE

I1f you have a friend interested in electronics
send his name and address for a FREE sub-

scription also.
TRONICS, - INC.

Cir

STATE

cle 128 on reader’s service card

AUDIO SWITCHING CIRCUIT

A novel circuit for remote switch-
ing of high-impedance audio inputs was
described in this column in the Septem-
ber issue. Here is a circuit (from Das
Elektron, Austria) for switching low-
impedance lines.

DI and D2 are in series with the
signal path from T1 to T3 and D3 and
D4 are in the circuit between T2 and
T3. When the switch is in one position,

T3
lé OUTPUT

4.5V
. I|l|f——&\l
BATTS SW
45V
Ly

U.S. GOV'T ELECTRONIC SURPLUS

o Nationally Known -World Famous SURPLUS CENTER offers
finest, most expensive, Governmen? Surplus electronic units and
components at a fraction of their original acquisition cost,

ORDER DIRECT FROM AD or WRITE FOR CATALOGS
STANDARD DIAL TELEPHONE

o (ITEMHT15) - - Standard, commercial
telephone same us used throughvut S 4. Vitrac:
tive polished bluck. like fow . 1 Se as
catenston phone 1o privite Syst or Counect
severa) phones {opether tor local 'l

ILCE COM SV Sy
tem. Full instructions are fumished. Wi, 9 Ihs.
Oniglual Cost $24.50. F.0.B. .

o {(ITEM#138)-- Amaziog

*up-and-araond’,
eleciro-maguetic telephone switeh. Dial any hank
pair from 1 to 100, ALake your vwn telephone 2vstem.
Can ulse Do used to rematety contral by tu 100 i

cuits over a single pair of wies,

® One of onr FOUNIL SEAR barguins, Comes cam-
plete with data, one dial atd one Dne bak, Stre,
5 a7 x 137 W 16 1bs. Cost Gav't aver $30.00.

- »

e, s e o0 99 95 Wl €D

TYPICAL BUYS FROM OUR 1968 CATALOGS
$ 350,00 - Geared 2-hp Battery Golf Car Motor ..o $26.95
$ 15,00 - Westinghouse BT Ammeter, 010 300, .couenne $70

$ 40,00 - Vacuum/Pressure Pump, 12-¥DC ..

- BO-MW Walkie-Talkies, Per Pair g

- DEluxe, Muiti-Range, AG/DC Tester oo $ 8.98

SPECIAL SALE
Correspondence
Course In ot
ELECTRICAL N =
ENGINEERING 5i)ls I'or $10.79 $8 79 !;"i“g“f .

Quislde U.S.A,

e (ITEM#HAIBI ) -~ Wonderful chance ta abtain technical train-

ing &L Amazing 1L.ow Cost! Lincaln Cngineering School has suspended
its Correspondence Courses because of creased operating costs. We
offer a limited sunber of the school’s complete Flectrical kngmeerng

Course but without the evammation paper erading service. ‘The course
consists of 14 lesson unit books. Kach book has the regutar exuns, and
in & separate secilon, “'Standard Answers' to each exam queston.

® Course is well writlen, easy to understand, profusely illusirated.
Reader's Digest size, easy (0 carry and study in spare time. Many Lin-
coln Engineering School students holding eacellent jubs as a result of
L.E.S. training. Course contsins latest [nformation on transistors, Sil=
icon diodes, ete. Additional book on haw (o busld and operate a “‘linme
1 ¥ 3 Bench™ ith each course.

SEND 25¢ COIN OR STAMPS FOR 3 MAIN CATALOGS
All Items FOB Lincoln  Money Back Guarantee

SURPLUS CENTER

DEPT. RE-038 LINCOLN, NEBR. 68501

D1 and D2 are reverse-biased so the
signal cannot pass from input 1 to the
output. At the same time, D3 and D4
are forward-biased so they conduct and
provide an easy path for the signal fed
to input 2 to pass from T2 to T3. Throw-
ing the switch to the other position re-
verses the polarity of the control volt-
age to select the signal fed to input 1.

SOLID-STATE SQUELCH CIRCUIT

A semiconductor diode is often sub-
stituted for a vacuum-tube type to elimi-
nate a hum problem. However, this ap-
proach often causes signal leakage which

NOTEWORTHY
CIRCUITS

was not present previously. The back re-
sistance of a germanium diode is so low
that it permits noise to leak through.
On the other hand, a back-biased silicon
diode has a high enough back resistance
but it acts as a capacitor which permits
noise to break through. A solution to
the latter problem was shown in Break-
In, a New Zealand ham magazine.

The circuit is shown. Resistors R1
and R2 and D1 form the usual series-
type avc-controlled squelch using a sili-
con diode. Audio is fed in at the anode
and taken off at the cathode. Resistor
R2, D2 and C1 have been added to the
basic circuit to prevent noise break-
through when no signal is being received.

The anode of D1 and cathode of
D2 are connected to VI’s screen grid
(point A) through isolating resistors R1
and R2. The cathode of D1 and anode
of D2 are connected to a B-plus voltage
from point B at the arm of the SQUELCH
control. R3 is an isolating resistor.

The SQUELCH control is set to bias
D1 slightly  beyond cutoff (cathode
slightly morc positive than the anode)
in the absence of an incoming signal.
When a signal comes in, the avc reduces
V1’s conduction. The screen current
drops and D1 conducts because its anode
is now more positive than the cathode.
The received signal now passes without
opposition from the AF INPUT to the
AF OUTPUT terminal.

Note that Dl and D2 are con-
nected, with reverse polarity, between
A and B. Thus, when either is conduct-
ing the other is always cut off. There-
fore, when D1 is cut off, D2 is conduct-
ing and any noise or audio signal leaking
through will be shunted to ground
through C1. When a signal comes in, D1
is turned on and D2 is turned off to ef-
fectively remove Cl from the circuit.

R-E

IF TRANS

et

)

R3 |
100K

| |
500K |

o—I—
=

j; SQUELCH B+
AF OUTPUT
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CONDUCTIVE PAINT HAS
MANY USES

Besides repairing breaks in printed-
circuit boards, conductive paint has
many uses. The paint is a solution of fine
particles of silver or copper in a liquid
base. In the liquid form the paint is non-
conductive, but when the solvents
evaporate it hardens and forms an amaz-
ingly good and flexible conductor. Re-
member that the chemicals in the fluid
can dissolve many plastics. The paint can
be removed with acetone (common fin-
gernail polish remover).

1

P

Electrostatic shiclding can be ap-
plied to practically any insulator by
painting it with silver paint. One photo
shows a .047-uf capacitor shielded for
use in the input of a high-gain preamp
stage. To prepare a shielded capacitor,
wrap a few turns of bare bus wire around
the capacitor and paint over the wire,
coating the body. Don’t paint too close
to the leads, or you may cause noisy
shorts.

Erratic photoflash tubes can be
given new life by increasing the trigger
conductive area. The other photo shows
a small dab of silver paint on the rear of
a flash lamp, contacting the trigger wire.

Metallic ends can be painted onto
recording tape to activate automatic stop
relays. Paint 3 inches of the oxide side
of the tape about 2 feet from the end.
Let the paint dry before you use the
tape, as butyl acetate (in the base of the
paint) may dissolve the binder or the
tape itself.—Sreve P. Dow R-E

MARCH 1968 95

Enjoy the “music-only” programs
now available on the FM broadcast
band from coast to coast,

e NO COMMERCIALS e
e NO INTERRUPTIONS e

It's easy! Just plug Music Associated's Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminater. Tune
through your FM dial and hear programs of
continuous commercial-free music you are now
missing. The Detector, self-powered and with
electronic mute for quieting between selections,

i permits reception of popular background music

programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner. Size:
5%" x 9”. Shipping weight approx, 7 Ibs.

KIT $4950

(with pre-tuned coils, no alignment necessary)
(Covers extra
WIRED $7500 (C%ers3

Current list of FM Broadcast stations
with SCA authorization $1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, N. J.

| Phone: (201)-744-3387

For 46 years the symbol at left has identified
the Radio Corporation of America. As part of
new corporate communications program, com-
pany has adopted new symbol at right.

LECTRONIC

"Engineering-Technicians

Bachelor of Science Degree, 30 Months

A

"Nose

The World’s Most
Trusted Name Brand

@ VOLUME CONTROL & CONTACT RESTORER
@ @ TUNER-TONIC with PERMA-FILM

@ EC-44 FOR ELECTRICAL CONTACTS
@ TAPE-RECO HEAO CLEANER

® FRIGIO-AIR CIRCUIT COOLER

All Guaranteed Non-Flam-
mable, No Carbon-Tet, Non-
Toxic & Won't Affect Plastics

The Only Brand Perfect For
Color TV and Black & White

FREE extender assembly for pin-
point application supplied with
ALL NO-NOISE PRODUCTS.

E tectronic Chemical Con.

813 Communipaw Ave. / Jersey City, N ). 07304

Circle 131 on reader’s service card

Save Two Years’ Time

[ Radio-Television Plus Color Technician (12 Months)

The Nation’s in-
creased demand
for Engineers,

Electronic Technicians, Radio TV Technicians is at an

[[] Electronics Engineering Technology (15 Months)
[] Electronics Engineering (B.S. Degree)

[] Electrical Engineering (B.S. Degree)
[[] Mechanical Engineering (B.S. Degree)

[7] Civil Engineering (B.S. Degree)

all time high. Heald Graduates are in demand for [J Architecture (B.S. Degree)

Preferred High Paying Salaries. Train now
for a lucrative satisfying lifetime career.

(36 Months)
Approved for Veterans

DAY AND EVENING CLASSES

SSAL, |
QL i
T |

1243 Van Ness Avenue |
San Francisco, California !

Write for Catalog and Registration Application.
New Term Starting Soon.

B T T Y

Circle 132 on reader’s service card
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MARKET
CENTER

GENERAL

CONVERT ANY TELEVISION to sensitive Big
Screen Oscilloscope. Only minor changes re-
quired. No electronic experience necessary. ll-
lustrated plans $2.00. RELCO-A25, Box 10563,
Houston 18, Texas

FREE E[ECTRONICS (new _and surplus) Parts
catalog. We repair multimeters. BIGELOW
ELECTRONICS Bluffton, Ohio 45817

BACK ISSUES Electronic. Scnentlflc Magazines.
SEMCO, Box 130, Roxboro, Quebec, Canada

Send for free INFORMATION on CB power
MONITOR, solid-state guitar amplifier, compon-
ents and other items. SPARKS COMMUNICA.
TIONS, 1107 Lagoon Drive, Dallas, Texas

WANTED

QUICK CASH . for Electronic EQUIPMENT,
COMPONENTS, Unused TUBES. Send Ils‘l now!
BARRY, 512 Broadway, New York, N.Y. 10012,
212 WALKER 5-7000

ELECTRONICS

BARGAINS in Canadian Electronic equipment
and surplus. Send $1.00 for giant catalogs.
ETCO, Box 741, Dept R, Montreal, Canada

TUBES "Qldies", tatest. Lists free. STEINMETZ
7519 Maplewood, Hammond, Indiana 46324

“ARCTURUS” SALE

o Tuhe Bz\rg'nns, to name just a few:

#5725/6AS6 . 59¢ | #B6AQS5..
5842/417A 2 50 #6BQ7
5847 /404A #6CG7

1AX2. 49¢ 5'far200 #618. .
.59 | 3#6K7 3 for 1.00 #sTa
3.75 | #IZBNG ss¢ 3 for 1.00

025.
7788...
2D21... .49/ #25L6..59¢; 8 for 1.49

Any unlisted receiving tubes 75% discount off list pnces

6AUG etc. size; $1.75 per 100. 6SN
100. SU4GB size, $2.50 per I00

e Tube Cartons:
ete. size, $2.10 ner
5U4G size, 03¢ each
. Obsolete Tubes:

G9¢ etc.

e 7 inch 90 degree TV bench test Picture Tube with
adapter. No ion trap needed. Cat. #7BP7, $6.99.

o Silicon Rectifier octal-based long-life replacement for
5U4, 5Y3, 5AS4, 5AW4, 5T4, 5V4, 5Z4. With diagram.
Cat. # Rect I, 99¢ each.

e 0Z4 Silicon Rectifier replacement, octal based. Cat.
# Rect 2, 99¢ each.

e 10 Flangeless Rectifiers, | amp, 400 to 1000 p.i.v. Cat.
# RSI10, $2.98.

. 10 Sihcon Rechﬁers, 750 AM., 50 to 300 p.Lv. Cat.
# 330F, 99¢ each

+ Condensers: 50- 30 MFD at 150 v., 39¢ each, 3 for $1.00,
Cat. # 80; 850-400-I00-I5 MFD at 16-16-4-115 v., 3 for
‘79¢, Cat. # 82Y

o 2 Silicon controlled Rectifiers, | amn general purpose
units with instructions. Cat. # SCR .00.

e 5 Transistor Circuit Boards contalnmq up to 6 transns-
ggrts plus diodes. resistors, capacitors, ete. Cat. # T

#UXZOO, $1.69; #80, $1.20; #10Y,

9-gé‘letadles. values such as # AS22 Sapphire, 39¢; Diamond,

e Color Yokes. 70 Degree for all round color CRT's, Cat.
# XRC70, $12.95. 90 degree for all rectangutar [9 to 25
inch color CRT'’s, Cat. # SRC90, $12.95.

¢ Transistorized U.H.F. Tuners used in 1965 to 1967 TV
sets made by Admiral, RCA, Motorola, etc. Removabhle
gearing may vary from one make to another. Need only
15 volts d.c. to function. No filament voltage needed. Easy
replacement units, Cat. # U.H.F. 567, $4.95.

o General Electric U.H.F. miniature Translstnnzed Tuner.
G.E. Part # ET85X-33. Cat. # GES85, $4.

e F.M. Tuner, Hi-Fi amplifier tuning unit complete with
diagram, 2 tubes. Sam’s Photofacts 5 G20 lists 2 applica-
tions. Cat. # FM20, $3.98.

e Flyback Transformer in original carton. Made by Merit
or Todd. Most with schematic drawing of unit. Please do
not request specific type. Cat. ¢ 506, 99¢ each.

o Flyback Transformer Kits, 2 flybacks per kit. # 502E,
Emerson; 502Y, Sllvannne. # 502w, Westlnnhnuse
# 507, Phllcoy #502. RCA. Any kit, $2.9

e Kit of 30 tested Germanium Diodes. Cat. # 100, 99¢.
o Kit of 10 NPN Transistors. Cat. # 371, 99¢. [0 PNP
Transistors. Cat. # 870, 99¢. All tested.

Send for our Free Catalog listing thousands of similar
best buys in tubes, parts, Kits, transistors, rectifiers, etc.
Orders under $5.00, add 50¢ handling charge. Include 4%
of dollar value of order for pestage.

ARCTURUS ELECTRONICS CORP.

502-22nd St., Union City, N.J, 07087 Dept. MRE
Phone: 201-UN 4.5568

Circle 147 on reader’s service card
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—— ROTRON 100 CFM FANS_E—“'

ach
Sentinal—4 11/16 sa x 1% D, 115V, 60cy. .. $7.95
Sentinal—4 (1716 sa x 1% D, 220 V, 60¢cy. .. 9.95
Gold Seal—4 I1/16 sa x 1% B, 115V, 60cy. . 695

4 Pole Single Throw Contactor—115 V 60 ¢y 15 Amps
MFG Al & H, ROWAN, etc. ..........- $9.95 each

All in fine condition. working, removed from equip-
ment. Shin post paid anywhere Continental United
States.

Leeds Radio, 57RE Warren St.,

N.Y.C., N.Y. 10007

COMMUNICATION RECEIVER

RCAF GR-10 COM\[UVICAT]ON RECEIVER: 115
cye. 6 Bands; 195 to KC & 1400 to 31000 KC, electric
band sbread, var. selechvuy adj. erystal filters, noise llmA
iter, AVC, carrier strength meter, crystal control on any
one freq, to 6.8 MC., temb. & vollage Teg. of osculatnr.
sensitivily betfer than 5 Mic. V. 2:1
Max. undistorted ouiput 3 watts.
1/()K8. 1/6H6, 1/68J7, 1/68Q7,

VR-105. Beat freq. osc. conirol & Prov. for Speaker &
1014 x 20 x 1134"”—Wt.: 85 lbs.

e oe e $89.95
e '$99.95

TRANS-REC. W/S CDN #29 “B" SET

Approx. 230 to 240 MC, with 12,24 VDC Power Supply
self contained, and Tubés: 4/6Ads. 2/6AK6, 2/6C4
3/6J6. Two preset channels in the rreq range. (Ideal sec
for local netting on 114 meters.) Siz 8 95
41% x 8 x 117, Wt.: 18 lbs. Price: Used v .

Prices F.0.B. Lima, 0. — 259, Deposit on COD’s — BIG
FREE CATALOG — Send for your copy now. Dept. RE

FAIR RADIO S
1016 E. EUREKA

headset b:ze
Prices:

LES
HIO - 45802

world Famed BREVETTATA
TEAR GAS PISTOL

Appearance of this
fine tear gas weap-
on s similar to
real gun. It is ideal

dark locations and
require protection.
Men give this gun
to wives and daugh.
ters tor night se-
curity, Many indus-
trial applications. Shooting of gun e
stops aggressor without permanently
injuring him. &t fires six cartridges
without reloadling,
with six tear gas
blanks for practice and is shipped
prepaid. Gun unit prices include 12 shells and ait
shipping costs. and this pistol is not jntended for
sale or possession in any locality where it ls prohib-
ited by law. Not sold to minors.
Q1 Gun-unit at. ... .....
a 2 Gun-units at $22.86
2 3 Gun-units ar %29.94
Q 4 Gun-units at $35.16. s
Extra boxes of ten tear gas shells at $1.50 per
box (prepaid with gun orders). Extra boxes of
blanks at $1.25 per box.
MEREDITH SEPARATOR CO.
Dept. REL. 310 W. 9th St.. Kansas City. Mao.

63105
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ADVERTISING
INDEX

RADIO-ELECTRONICS does not assume
responsibility for any errors which may
appear in the index below.

Aerovox Corporation ............ .. co.aoaan 6
Allied Radio Corporation .................. 82
Arcturus Electronics Corporation ........... 96
Arrow Fastener Company, Inc. ............ 75
B & K (Division of Dynascan Corporation) ..5,25
Brooks Radio and TV Corporation .........92, 93
Burnstein-Applebee Company ...............

Capitol Radio Engineering Institute, The ....62-65
Castle TV Tuner Service, Inc. .............. 83
Clarostat Manufacturing Company, Inc. ..... 27
CIASSIEIED ki ag . it - o - -« spoiromalfiet 96-99
Cieveland Institute of Electronics ...78. 81, 86-89

Conar (Division of National Radio Insmule) 83, 76
Cornell Electronics Co. 98

Datak Corporation, The ................... 81
Delta Products, InC. wewsi. « « @t nmmome spmde s 4
Edison Technical College .................. 82
Edmund Scientific Company ............... 97
EICO Electronic Instrument Co., Inc. ...Cover III
Electronic Chemical Corporation ............ 95
Electro-Voice, InC. .....co.viviiviveiiinn, 22
Elpa Marketing ......c.c.c.. [ Y L L = 16
GC Electronics Company ....... S0 12
G/L Electronics Book Club ............ .23
Grantham School of Electronics 1
Heald Colleges ....eccaveeeennn BB =08t o
Heath COMPANY cevsvseocacocorersoscneens
TAEAEAE! . oy yupae sropsion: -pe iy o N -

Indiana Home Study Institute, The
International Crystal Mfg. Co., Inc.

JFD -Electronics Company ........c.cv.v... 7
Judson Research and Mfg. Co., Inc. ......... 79
Lafayette Radio Electronics ................ 84
Lectrotech, Inc. ............ B L 82
Mosiey Electronics, Inc. ...... 3 aahae WA . 85
Music Associated ....... oo o AT e o e 95
National Radio Institute .................... 8-11
National Technical Schools . ............... 28-31
Non-Linear Systems ...............c..- Cover I1
Olson Electronics, INC. «cvvismmmusuninan wiss 94
Permoflux Corporation .,........... 93
POly (Paks 3... vibwhiitin .. - 3w swiod i s ues e o 99
Quietrole Company ...............cumennns 82
RCA Electronic Components and Devices
TIDES domeii] o s~ « 48 v 1 Bre e ot W e e Cover 1V
RCA Institute ...v..oveviinnarereanennnnss 1821
Rye Industries, Inc.. ....c.oovereinirnnenns 85
Salch & Co., Herbert (Maftketing Division of
Tompkins "Radio Products) 92

Sams & Co.. Inc.,, Howard W,
Scott, Inc., H.H.

Sencore ...
Solid State Sales ........... 97
Sprague Products Company . . 24
Surplus Center . .sws:e.ossvsrmpormmens«ssrr 94
Sylvania (Subsidiary of General Telephone &
EICCLIONICE) o4 bpw wrenomio wg 5 omea ) & oei T, cTbhs
Vaco Products Company ......... 66
Warren Electronic Components ............ 98
Weller Electric Company ................ . 67
Zenith ;odeddsvais. - awieas PR oL -0 O 26
MARKET CENTER ..... v o T I e =, 96-99
Fair Radio Sales
Kenzac

Leed’s Radio

McGee Radio

Meredith Separator Company
Sydmur Electronics Specialties
Terado Corporation

Peak Electronics Company
SCHOOL DIRECTORY ................. T
American Technical Writing Schools
Indiana Home Study Institute, The
Northrope Institute of Technology
Tri-State College

Valparaiso Technical Institute
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RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS. All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jeri-
cho Turnpike, Mineola. N.Y. 11501

Discharge IGNITION, PHOTOFLASH. Free cata-
log parts, kits. TRANSPARK Carlisle, Mass.
01741

RADIO & TV TUBES 33¢ each. On year guaran-
teed. Plus many unusual electronic bargains.
Free catalog. CORNELL, 4217-E University, San
Diego, Calitornia 92105

MESHNA'S TRANSISTORIZED CONVERTER KIT
Converts car radio to receive police & fire. 35-
50Mc or 100-200Mc. (one Mc tuning) with sim-
ple step instructions $5.00. MESHNA, No. Read-
ing, Mass. 01864

GIANT JAPANESE ELECTRONICS CATALOG. $1.
19)EE, 10639A Riverside, North Hollywood, Calif.
1602

BRAND NEW TUBES. World’'s lowest prices on
Radio, TV.Industrial-special purpose tubes.
Write for free parts catalog. UNITED RADIO
CO., Newark, N.J. 07101

TV CAMERA KITS for experimental and indus-
trial applications. Starter kits $18.95 up! Cata-
log free. ATV RESEARCH, Box 453-R, Dakota
City, Nebr. 68731

INTEGRATED CIRCUIT KITS; COMPUTER LOGIC
KITS; Others. Free catalog. KAYE ENGINEER-
ING, Box 3932-D, Long Beach, Calif. 30803

Free CATALOG of unusual, hard to get experi-
mental items, parts, plans. Glass to metal
solder 25 ft./$3.95, reverb springs 75¢ each.
Electronic governer plans 50¢. FRANKS SCIEN-
TIFIC CO., P.O. Box 156, Martelle, lowa 52305

MANUALS for surplus electronics. List 15¢.
BOOKS, Box 804, Adelphi, Maryland 20783

e r——

AUDIO HI Fl

RENT STEREO TAPES—over 2,500 different—all
major labels — free brochure. STEREO PARTS,
1616-R Terrace Way, Santa Rosa, Calif. 95404

WRITE for highest discounts on components,
recorders, tapes, from franchised distributors.
Send for FREE monthly specials. CARSTON,
1686-R Second Ave. N.Y.C. 10028

HI.-FI COMPONENTS, Tape Recorders, at guaran-
teed “WE will not be undersold’’ prlces 15-day
moneyback guarantee. Two-year warranty. NO
Catalog. Quotations Free. HI-FIDELITY CENTER,
239R East 149th St., N.Y., N.Y. 10451

TAPE RECORDER SALE. Brand new, latest mod-
els, $10.00 above cost. ARKAY SALES, 1028-E
Commonwealth Ave., Boston. Mass. 02215

STEREO TAPES, Save 30% and up; no member-
ship or fees required; postpaid anywhere USA.
FREE 70-page catalog. We discount batteries,
recorders, tape/accessories. Beware of slogans,
“not undersold', as the discount information
you supply our competitor is invariably reported
to the factory. SAXITONE, 1776 Columbia Road,
N.W., Washington, D.C. 20009

SPEAKER REPAIR. Hi-Fi, guitar, organ speakers
reconed good as new at fraction of new speaker
price. For details and Reconing Center in your
area write WALDOM ELECTRONICS, INC.
252224 Dept. RE-4625 W. 53rd St., Chicago, Iil.

TAPEMATES makes avallable to you ALL 4.
TRACK STEREO TAPES—ALL LABELS-—post-
paid to your door—at tremendous savings. For
free brochure write TAPEMATES CLUB, 5727 W,
Jefferson Bivd., Los Angeles, Calif. 90016.

TAPE RECORDER BELTS for Grundig-Akai-Tele.
funkin. Give Model Number., PUBLIC SOUND,
9385 Bird Road, Miami, Florida, 33165

MARCH 1968

INVENTIONS
& PATENTS

INVENTIONS-IDEAS developed: Cash/Royalty
sales. Member: UNITED STATES CHAMBER
COMMERCE, Raymond Lee, 230-U Park Avenue,
New York City 10017

INVENTIONS WANTED. Patented; Unpatented.
GLOBAL MARKETING, 2420-AE 77th Ave., Oak-
land, Callf. 94605

BUSINESS AIDS

1,000 Business Cards, ‘“Raised Letters” $3.95
postpaid. Samples. ROUTH, 5717 Friendswood,
Greensboro, N. C. 27409

TWO-WAY RADIO SERVICE INVOICE FORMS—
Detailed. Free Sample Form No. 50 and Catalog.
OELRICH PUBLICATIONS, 6554 W. Higgins,
Chlcago, {Il. 60656

Attention: TV Service Dealers. HIGHLY DE-
TAILED TV SERVICE ORDER FORM STOPS
PRICE COMPLAINTS BEFORE THEY START,
FREE CATALOG AND SAMPLE NO. 206. OEL-
RICH PUBLICATIONS, 6554 W. Higgins, Chica-
go, IIl. 60656

DIAGRAMS, s;ervice information,
Television $1.50. HARTFORD,
Highland Park, Illinois 60035

AC POWER

Standard home electricity (60
cycle, 117 volts) for small ap-
pliances, record players, tape
recorders, tools, etc.

Inverters from 25 to 600 watts,
priced as low as $15.95.

Radio $1.00,
1760 Balsam,

FROM YOUR
CAR OR BOAT
BATTERY
P —

CORPORATION

1053 Raymond Ave., St. Paul, Minn. 55108

UNUSUAL BARGAINS

... MANY U. S.G0V'T SURPLUS
NEW SURPLUS Ni-Cd BATTERIES
a than 507%! Long life
accept 300 charge and discharye cy-
cles. 1,25 Volts per cell—750 m
amper hours capaeit ty. Excel, charge retention. llmmellmlly
sealed. Indefinite storaRe life. Multiple cells welded

qorles—enell) cut. Combine to form btry. 7 8” dia. x
1 8" high. Spec. price for 100 up. Ln\\ cost charger
mplr.ue

Order = Cells DC Volit. Price Ppd.
40.986FH .. . Y Lo25 . .o i, $ 1.50
40.987FH .2 2.50 “os 2.75
80.633EH T - 3.75 3 €0
80.634EH .4 5.00. 80
70.812EH Trickle Charger. . (1-10 cells) . 10 9s

NICKEL-CADMIUM BATTERY BARGAINS

Terrlfic value — used government sur- i 1
plus. Quick-charge. llghtuehzm 8.volt ‘\" 9
nickel-eadmium battery, amp. hour e ’
capacity. Almost unllm‘led iife~thou-

sands of discharge-charge cycies with
minute deterioration. Charges fully in
approx. 1 hr. wi Edmund Charger
Kit. Hundreds of uses for hobby. pho-
lozr’n% model bullding, industry.
ete nly

for full m, eq.
eloclroly(e sealed to prevent loss. D

livers nearly 10005 outbut at helow freezing
tains conslnnt volla;ie through major port

Five vented t cells strapped in
bands. al,ﬁ"x2"x6

10 & "Jumbo’’ 275 Ampere Hour Batteries also avatlable
Write for info.

few drobPs of water ye~|r|y

T

Main-
ion of capacity.
3 polyprobelene

Stock INO. 70,942EM 5 4susmass s s oo oes oo, $15.00 Ppd
1.2 VOLT NICKEL.CADMIUM CELL

Stock No. 41,10 $ 3.95 Ppd
CHARGER KIT ron 6-VOLT BATTERY

Stock NOs 70,807 EN| anivs b 88e%s o2 aal eis oo« S 8.00 Ppd.

Order by Stock No. Check or M, O.—Money:Back Guarantee.

EDMUND SCIENTIHC c 300 EDSCORP BUILDING

* BARRINGTON, N.J. 08007

CI.IP AND MAIL COUPON TODAY

|EDMUND S(IENTIFI( (0. LTt :‘,"3..007]
ISEND FOR FREE CATALOG “EH” '-f —

.
Completely new 1968 edition. New items. | *

Iemegorl(-s, illustrations. Dozens of elec- 2 |
triesl and electr c parts,

ries. Enormous selection of Astronomical s I
Telescopes, Microscopes, Blnoculnrs MOZ.

nifiers, Magnets, Lenses, Prisms. Man ‘y I
war surplus items: for hobbylus exper! »

menters, uorkuhop, factory. Mni coupon .
I{or catalog “EH" oy Py I
INAME ................ ereeres sttt I
IA DIDRIESS' pwige. o « plm 1 cxohofohine wxonsss OO T - I
Icn’v ............ STTATEL & i - 5.0 80 RAPE &~ exerone !

Circle 133 on readers service card

INTEGRATED CIRCUITS
YOUR SERVICE AND
QUALITY LEADER
Our semiconductors have full fac- SIM TO 2N3429 (NPN) St, 76"
tory length leads, are American stud, min HFe of 30, 7.5 amps SR FLIP FLOPS ........... 290
made, unused, and in good physical 175 watts, VCe of 75. $1.75  DUAL NAND NOR GATES ...§1.00
cozdition. Our technicaltdescriptions 1 SILICON BILATERAL SWITCH. SR CLOCKED FLIP FLOPS ...$1.15
and pictures are accurate. ' Replaces two SCR’s by firing in
either direction when breakdown 8 INPUT NAND NOR GATES . .$1.00
We promise to supply you with gglt:nxeesls exceeded. Used 2-n Illg(;g DUAL AND GATE ........ .$1.00
. immers, ] . .
the highest quality products at the Etc 3 QUAD NAND NOR GATES .. _$1.00
most  attractive prices with the .
. 1 1000 PRV at 3A full wave
fastest service in the industry. L bridge o 3.50 T10-85 flat pack with holder. Guar-
anteed to work. They come complete
ENERS NEON LIGHT of NIXIE TUBE  “ith schematic, elect. characteristic
ZENER DRIVERS. An NPN, T0-18, Si  Sheet and some typical applica-
1 watt 6-33V $.50  Transistor with a VC5O of 120 tiones
10 Watt 6-200V $.75 3/%1.00
pur KX 720008 $1.75 500 HFe PLASTIC TRANSIS
e -
TORS (NPN) T0-18, S1 unlt sim L, FELENIRE . PRATG
1 AMP i3 ONBSEE. 5/51.00 DUCTIVE CELLS. Dark re-
5 5 sistance of 500 megohms. Sens:-
Top Hat & Epoxy [] §IM. to 2K2875 (PNP). Siticon g;;taysgzetl -4.99 pa/ft candle with
PRV | AMP AMP | PRV | AMP 20 watts with 30 MHz cut osf‘f75
100 .07 1000 | .35 d Tade . .
2001 .09 1200 | .50 7| HIGH-VOLTA et _ 130V Silicon Control Rectifiers
400 | .12 1400 | .65 | 1o.06 aog ©* 25A M min b 10.66 pack Studs
600 18 1600 | .80 PRV | 3A | 20A
800 | .22 1800 | .90 Siticon Power Rectifiers 50 II 35 | 74 | 20A
- “PRV | 3A | 12A | 20A | 40A | 100 | .50
PRV *,i {_1001.097 .30] .40/ .75 | | 200 | .70
I 100 | .90 200 | .16 | .50 | .60|1.25 300 .90 :
200 1 40 ,ﬂ' .20 !_ 70| .80 1.50 400 1.20 | 1.60 |
T0O-66 | 300 11.75 600 | .30 | 100_ __1_20 1.80 " 500 | 1.50
5 AMPS 400 [2.25 | |"800.4011.25/1501 600 | 1.80
500 |2.60 1ooo 256] 1.50 180[ 700 | 2.20 | zao [
POST OFFICE BOX 74D Terms: FOB Cambridge, Mass.
SOMERVILLE, MASS. 02143 Send check or Money Order.
TELEPHONE (617)547-4005 Rate companies 30 days net.
Send For Our Spring Catalog Featuring Include Postage, Average Wt.
Transistors, Rectifiers And Components per package 5 |b. Allow for
328 Elm Street, Cambridge, Mass. C.0.D. Minimum Order $3.00

Circle 134 on reader’s service card
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SILICON RECTIFIER SALE
IMMEDIATE DELIVERY

FULLY GTD NEWEST TYPE
AMERICAN MADE FULLY TESTED

1 AMP TOP HAT AND EPOXIES

PIV SALE PIV SALE PIV SALE
50 (] .05 800[] .19 1800 [] .87
100 J .07 1000 (J .31 2000 O] 1.45
200 (] .08 1200 (] .44 3000 [] 1.80
400 [1 .11 1400 [ .62 4000 [] 2.30
600 [] .16 1600 [] .72 — =

“SILICON POWER DIODE STUD MOUNT"

PV | 3a | €A | 12A | 50 | 100A | 160A
so [ .o7 18 Ib_.zz 50 | .85 | 2.25
_100_| .09 24 | .29 | .73 [ 1.05_
200 | .15 37 | .48 [1.23 | 1.60 o
400 (.19 | a8 [ 68 |1.45 [2.50 | a.25
600_|_.28 72 | .85 | 1.75_| 375 | .50
800 | .38 87 | 115 | 220 | — | —
1000 53 1 10 {8 1.40 2 50 —_
“SCR" SILICON CONTROLLED RECT “SCR”
7 16 25 7 16 25
_PRV__AMP _AMP__AMP l PRV _AMP__AMP__AMP
50 .45 .60 .70| 400 1.60 1.85 2.10
100 .65 .85 1.00| 500 1.95 2.35 2.50
200 .95 1.20 1.30| 600 2.35 3.50 3.75
300 1.25 1.45 1.70| 700 2.75 a.25 —
SPECIALS! SPECIALS!

Westinghouse 160 AMP, 500 PIV SILICON Hi-POWER
STUD RECTIFIER |N1666
Limited quantity. $5.10 ea. 10 for $45.00

100 Different Precision Resistors
1, —1—2 Watt %%-—1% TOL
Asst transistor Kit. P.N.P.—N.P.N.
All popular types. Unchecked

100 for $2.95 500 tor $9.95
Computer Grade Condenser 15,500 MFD

$1.25

75 ea.

MARKET
CENTER

EDUCATION/
INSTRUCTION

LEARN TECHNICAL WRITING—at home. High
paying prestige careers not requiring college.
Growing demand, all industries for tech writers
now. Low monthly tuition. Easy to under-
stand. FREE career book, sample lesson. AP-
PROVED FOR VETERANS. AMERICAN TECHNI-
CAL WRITING SCHOOLS, Dept. REC-28, 5512
Hollywood Bivd., Hollywood, Calif. 90028

WANTED! TV-RADIOMEN to learn aircraft elec-
tronics servicing. Numerous job openings every-
where. Write: ACADEMY AVIONICS, Reno/Stead
Airport, Reno. Nevada

LEARN ELECTRONIC ORGAN SERVICING. New
home study course covering all makes elec-
tronic organ including transistors. Experimental
kits——schematics—trouble-shooting. Accredited
NHSC-GI Approved. Write for free booklet.
NILES BRYANT SCHOOL, 3631 Stockton Blvd.,
Dept. F, Sacramento 20, Calif.

HIGHLY EFFECTIVE HOME STUDY COURSE in
Electronics Engineering Mathematics with cir-
cuit applications. Earn your Associate in Science
degree. Free literature. COOK'S INSTITUTE OF
ELECTRONICS ENGINEERING, P.O. Box 36185,
Houston, Texas 77036 (Established 1945))

HIGHLY EFFECTIVE HOME STUDY REVIEW for
FCC commercial phone exams. Free literature.
COOK'S SCHOOL OF ELECTRONICS, P.O. Box
36185, Houston, Texas 77036

12 VDC American Mfg._
NEW CQI00E KIT ALL POPULAR TYPES

IN34, IN34A, IN48, IN60, IN64 etc. 100 for $ 4.00 88-108 MC F.M. RECEIVER WRITE y

BEST QUALITY 500 for $15.00 10 TUBE CRYSTAL CONTROLLED F.M. RECEIVER NOIVSJ,GZOR M C G E E s
Tuarantee. $2.00 min. o WITH TUBES VOLUME TONE CONTROLS 4 WATT

M dclfuanantee 52,00 min s order_include OUTPUT, 115 V 60 CYCLE. METAL CABINET sssreee CATALOG

additional $ for postage. Send check or money
order. C.0.0. orders 25% down.

Warren Electronic Components
230 Mercer St., N. Y., N. Y. 10012 @ 212 OR 3-2620

8H x 10D x 12W. WITH DIAGRAM LESS CRYSTAL
AND SPEAKER. REMOVED FROM SERVICE BY
MUZAK WHEN THEY WENT SOLID STATE. $14.50
EA: 2 for $25.00 PLUS SHIPPING.

1001 BARGAINS IN
SPEAKERS—PARTS—TUBES—HIGH FIDELITY
COMPONENTS—RECORD CHANGERS—
Tape Recorders— Kits—Everything in Electronics
1901 McGee Street. Kansas City (RE). Missouri 64108

LEED'S RADIO, 57RE WARREN ST., N.Y.C. 10007

Circle 135 on. readers service card

Guaranteed

Lab-tested. Individually Boxed. Branded and Code Dated.

12AD6 12BES 125Q7 77
12AE6 12BF6 2506 78
12AF6  12BH7 84/6Z4
12AT7  12BL6 5687
12AU7 6350
12AX7 6463
12BA6

12BD6

IF NOT SHIPPED IN 24 HRS.
TUBE CARTONS

With Built in
K
R AEEAG Diagonal Partitions

PRICE | PRICE
PER 10 |PER 100
CARTONSICARTONS]

(Shipping n: T

2.59
349
5.29
1.99

OneYear

Tubes are new or.used and so marked.

6K7
6Q7
654
65A7
6SH7
6537
6SK7
65L7

6X4
6X8
7A7
7A8
7B6
7C5
IN7
7Y4

6EAT7
6EMS5
6F6
6GH8
6H6
6J5
6J6
6K6

6DA4
6DE6
6DQ6

TRANSISTORS Prestize & Sqecess are you
s aitELECTRONIC EXPER
PER FAIRCHILD
TUBE SEMICONDL_J(:TC?_»:
FOR—RADIO—TV—HI-FI—REPAIRS
& N mxi &
- R R

pu_ | ene JJM one [ wew | 'gu:" )

HIGH GLOSS
CLAY COATED

FOR
TUBE
SIZE
6AUS
6SN7
5U4GB|
5046

SIZE

-— — s
100 TUBES OR MORE:

30: PER TUBE

MIN.

" COMPLETE RADIC SERVICING AND
""!. BASIC lucv-omcs COURSE ONLY §3 00
+ %0 pecraa e <o pen)
NEW "KY“ TV TRAINING COURSE
l“' l! ,0

= | Bt 2bere g6
Send for CORNELL'S NEW
1968 CATALOG!!!

“‘é
PICTURE TUBES!
MANY NEW ITEMS !

TERMS:

ae | swin | - P adn | sare | earn

iz all el o] ol ] 7

8

all purpose
ELECTRONIC

CLEANER [}
89c =.

per tube

{No Limit} from this list. §

6SN7
6CB6 654

636

6AQ5
6AUG

CORNELL

98

NADERS DYER $5.00: Add 3¢ per tube shipping. Prepay in lull
and avoid €.0.0. charges. Send $3.00 deposit on C.0.D. orders.
No 24 hr. free offer on personal checks ofders.

ORDERS UNDER$S5.00: Acd 3c per tube Shipping plus 50c handling.

CANADIAN AND FonEmN Onons Add Approximate postage.

Dept. RE-3, 4217 UNIVERSITY AVE.
SAN DIEGO, CALIFORNIA 92105

0.0. ora
COMBINE YARIED I'I‘EMS TO BRING VOUR ORDER OVER $5.00

Circle 136 on readers service card
RADIO-ELECTRONICS
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FCC First Class License in six weeks—nation's
highest success rate—approved for Veterans
Training. Write ELKINS INSTITUTE, 2603E In-
wood Road, Dallas, Texas 75235

“SLEEP-LEARNING.”
“What’s It All About.”
Quincy, Mass. 02169

WATCH REPAIRING. Learn to repair American
and Swiss watches in spare time at home. Tui-
tion $5 monthly. Diploma awarded. Free sam-
ple lesson. No obligation. CHICAGO SCHOOL,
Dept. REO, Fox River Grove, lllinois 60021

Send for free brochure,
TAPES, Box-190RE,

ELECTRONICS TECHNICIANS! Why buy foreign
job lists for all trades? My lists specialize in
only overseas electronics jobs. $3 check or
money order, and stamped, self-addressed en-
velope. LOWE, Box 7686, Pittsburgh, Pa. 15214

B. SC. ENGINEERING. MANAGEMENT—Corres-
pondence Course Prospectus $1. CANADIAN
INSTITUTE OF SCIENCE & TECHNOLOGY, 263
Adelaide St. W., Toronto.

GOVERNMENT
SURPLUS
72 page illustrated Government Surplus Radio,

Gadgeteers Catalog 25¢. MESHNA, Nahant,
Mass. 01908

LIKE MUSIC WITHOUT COMMERCIALS?
67K Hz FM SUB-CARRIER ADAPT-

SCA-2 FOR ONLY $34.95 SMALL
ENOUGH TO MOUNT INSIDE THE

TAINED FROM YOUR RADIO OR
TUNER OR: OPTIONAL POWER
SUPPLY: PS-9 FOR $4.95.

The SCA-2 sub-carrier adapter makes it possible for you to
enjoy the background music transmitted on a 67KHz sub-
carrier on many FWM stations. (These programs cannot be
heard on a FM set without an adapter) In the US there are
approximately 400 FM stations authorized by the FCC to
transmit the 67KHz programs. If you are within 50 miles
of a city of 100,000 or more, it is probable that you are
within the satisfactory reception range of one or more of
these stations. 1f in doubt write for a list of such sta-
tions in your area.
The SCA-2 requires only four connections to your FM re-
ceiver or FM tuner/amplifier. These are: Multiplex output,
audio input, and DC power. If your FN set does not have
a multiplex output jack, we supply instructions of where
to connect.

ONE YEAR FACTORY GUARANTEE
THE SCA-2 IS A STAB EXTREMELY LOW NOISE
UNIT HREQUIRING NO FIELD ADJUSTMENT.
Available in General Electric Mode! T1220B table radio.
This is a 6 tube, 3 transistor, AM/FM radio with a four
inch speaker, for $59.95.
Send order to: KENZAC, P.O.B. 66251, Houston, Tex. 77006.

RECHARGEABLE EVEREADY
NI-CAD BATTERIES

8.75 v.d.c, 500 ma. hr. (7 dry button cells) size
2%' long x 13%” dia., suitable for purtable phones,
radiovs, test bench, labs. $15.00 value ...... $5.95 ea
One charger free with
purchase of ten batteries.
Battery charger for the above or similar batlery $3.95
Small DC Motor, Swiss precision made, oberates on
3-4 v.d.c. suitable for models, hattery phono. ete.$1.25
Same motor as above with gear ehain, high torque, 4-5
rpm suitable for disnlay, ete. $1.95
Scnnheise_r Model 407hn. directional. clynamie miecro-
phone (West German Mfg.) high and low Impedance,
excellent quality for voice and music. Limited auantity.

All merchandise is brand new and sold
on a money back basis if not satisfied.

PEAK ELECTRONICS CO.
66 W. Broadway, New York, N.Y. 212-362-2370

CUT DOWN ON
MOBIL IGNITION NOISE.
DON'T BE FOOLED

BY IMITATIONS!

Get the ORIGINAL
SYDMURSOLID STATE D”IE’?IITIUNSYSTEM!

High Quality Components used throughout. Fiberglass

Printed Circuit Board. Unitized Construction. Simplified

Kit Assemply.

Construction_Article in Nov. 1966 Popular Electronics
Thousands of satisfied customers.

Write for Free Literature TODAY.
COMPAC Assembled ... $34.75%
COMPAC KIT . ... . .. .. 24.95%

*Add 75¢ for mailing and handling

N.Y. State Residents add Sales Tax.

SYDMUR ELECTRONICS SPECIALTIES
1268 E. 12th St. Brooklyn, N.Y. 11230
(Alse Available in Canada)

MARCH 1968

CLASSIFIED COMMECIAL RATE (for firms or individuals offering commercial products or ser-
vices): 60¢ per word . . . minimum 10 words.

NON-COMMERCIAL RATE (for individuals who want 1o buy or sell personal items) 30¢ per
word . . . no minimum.

Payment must accompany all ads except those placed by accredited advertising agencies.
10% discount on 12 consecutive insertions, if paid in advance. Misleading or objectionable
ads not accepted. Copy for May issue must reach us before March 10th.

WORD COUNT: Include name and address. Name of city (Des Moines) or state (New York)
counts as one word each. Zone or Zip Code numbers not counted. (We reserve the right to
omit Zip Code if space does not permit) Count each abbreviation, initial, single figure or
group of figures or letters as a word. Symbols or groups such as 8-10, COD, AC, efc., count
as one word. Hyphenated words count as two words. Minor over-wordage will be edited to
match advance payment.

PLUS

FREE
$|oo *
w

ITEM

1:113

X or items

WORTH OF
@ TRANSISTORS

W RECTIFIERS
B i
N -
W DIoDES I ETc. | '$100"E
Add 25¢ for handling

BOTH FREE WITH ANY $10 ORDER

2 ~ EPOXY TRANSISTORS & IC's
1
AMP E‘_)'OO(?XSPECIAL. S g TOCTISTENS o G

800 PIV PRV ___ Sale - @té:i:ﬁi NP 250mc] asomm e

MIL 1 50 10for 25¢ 3—B-5000 5W. 3Amp, PNP ... .. .
SILICON L [Z1100 10for 35¢ ‘ 4—2N4313 PNP 600MC, 200MW ...
: Al 10 for 40¢ I[C] 3—2N3565, S00HFE, NPN, 200MC .
RECTIFIERS Tests[] 150 © ] 3—2N4265, 400HFE, NPN, 350MC
ToP [J 200 10 for 45¢ [0 1—DUAL 4 IN. GATE, EXPANDER .
S 0P 5250 10 for s0¢ jll “‘" [] 1—QUAD 2 IN. NAND/NOR GATE .. . .
4 for HATS [] 300 10 for 55¢ [0 1—7.03 LINEAR RF AMP. Fairchild ... $2.49

FIELD EFFECT TRANSISTO

RAYTHEON 7N 36 08

AMP TOP HAT AND EPOXIES

DRAWN PIV Sale PIV Sale PIV Sale

‘ ” 50 5¢ 800 [J 21¢ 1800 [] 90¢
“ MOST." 5 channel 100 8 7¢ 1000 [J 32¢ 2000 (] 1.25
cate2  JGFET 200 (] 9¢ 1200 (] 4S¢ 3000 [] 1.50
(800Y) 99 400 [J 11¢ 1400 [] 65¢ 4000 [] 1.95
Input 600 [ 17¢ 1600 [J 75¢

10 million meg- ea.

S Actual Size >
riv Sale piv Sale

8 1 AMP 0 O 7¢ 600 [ 20¢

MICROMINIATURE 100 O 9¢ 800 (J 25¢
SILICON RECTIFIERS 100 013, '°®° & 3%

] 100 MICROAMP rosioon )
PANEL METER

99

® Modein USAL
@ D'Aronval

Meter Movemeni! ea_ B 2 A M P PIV  Sale PlY Sale
New! Originally designed w0 be used with radis 200 12¢ 1000 45
tion derector! Basic metes movement  100ma g
2 mousting holes for casy iasmaliacion in pamel SILICON 400 Tee 1200 [] s9¢ &
Size: 212 =" Mountiag cearers: 111716 - -
1deal for r5. bobbyu, 1sbs, etc. Hurry, ac . 600 S 19¢ 1400 [] 69¢ &
R T rr e A O RECTIFIERS - 800 [ 29¢ 1600 [] 89¢ |

95
PREAMP 4 ;

% 8 TRANSISTORS
% Ready to Play thry
tape Amplifier,

DOooOoCo

HIPower

/PIV Sale ply

radio, TY oI IR IR LET ISOLITRON DEVICES Sale g
% Volume,Tone, T036 Casel 2N441, 442, 50 [ 19¢ 600 [ 59¢
Controls sw 278. DS50lup to 50 V 5 AMP 100 ] 25¢ 800 69¢ &

200 [ 3961000 [ 79¢
400 [J as¢

Epoxy Rectifiers
RETAIL STORE: 211 Albion St. Wakefield MASS.

GIANT SPRING, CATALOG ON: Parts, Rectifiers,

SILICON RECTIFIERS
Transist_ols, SCRs; 1.C.'s, Equipment, Etc. 10¢

'GLASS AMP*

— PIY Sale ply Sale
TERMS: include postage. Rated, net 30 days. cOD25%] ONE AMP 50 S¢ 600 1 19¢
; PRV may be ex- 100 7¢ 800 21¢
3§ 3 ' g P.0. BOX 942R § ceeded without 200 9¢ 1000 |1 32¢
PO'.Y PAK Lynnfield, Mass. 01940 § §15.inz Gown "/ 400 1361200 [ 45¢

AS ADVERTISED OR. YOUR MONEY BACK
Circle 137 on readers service card
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The Model 6000 Modular Frequency Meter will measure frequencies 10 KHz to 600 MHz with .000125%
accuracy. Special plug-in modules allow the instrument to be used as an audio frequency meter from
500 Hz to 20 KHz full scale and in addition to be used as a dc voltmeter (10,000 ohms/volt).

The wide variety of plug-in oscillator accessories and range modules makes the Model 6000 adaptable to
a number of jobs in the field and in the laboratory. Portable, battery operated with rechargeable batteries.
‘Model 6000 with 601A charger, less plug-in Modules ... $195.00

INTERNATIONAL MODEL 6000 FREQUENCY METER

measures frequencies 10 khz to 600 mhz with accuracy as close as .000125%

Range Modules (Mixers)
ARCER $25.00 to $45.00 each
| a— INTERNAT

Oscillator Modules
(Crystal Controlled For
Frequency Measurement)

$30.00 to $90.00 each CRYSTAL MFG. CO, INC.

e
g & Special Modules 10 NO. LEE ® OKLA. CITY, OKLA. 73102
tﬂ' o | Audio Frequency ........ $45.00
. i DC Voltmeter.............. 25.00

ONAL

d. Range Modules
b. oscillator Modules

... For complete information write
International today.
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—EICO Makes It Fossible

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

Cortina ..

==’ Engineering excellence, 100% capability, striking
esthehcs the industry's only TOTAL PERFORMANCE STEREQ
at lowest cost.
A Silicon Solid-State 70 Watt Stereo Amplifier for $99.95 kit,
$139.95 wired, including cabinet. Cortina 3070.
A Solid-State FM Stereo Tuner for $99.95 kit, $139.95 wired,
o ~ ! including cabinet. Cortina 3200.

1'1 l l l 1 M!' l 3¢ l ! l {,"" L A 70-Watt Solid State FM Stereo Receiver for $169.95

. $259.95 wired, including cabinet. Cortina 3570.

Elcocraft Tigpevsstoiement infits,

Fun to build and use. Expandable, interconnectable. Great as “jiffy” projects
and as introductions to electronics. No technical experience needed. Finest parts,
pre-drilled etched printed circuit boards, step-by-stép instructions.

.. Electronic Siren $4.95, Burglar Alarm $6.95, Fire Alarm $6.95, ,i
Elﬂﬂﬂﬂlﬂ'@ Intercom $3.95, Audio Power Amplifier $4.95, Metronome $3.95, /
Tremolo $8.95, Light Flasher $3.95, Electronic ‘“Mystifier” $4.95, ~
Photo Cell Nite Lite $4.95, Power Supply $7.95, Code Oscillator $2.50,
FM Wireless Mike $9.95, AM Wireless Mike $9.95,

IE Electronic VOX $7.95, FM Radio $9.95,
wE AM Radio $7.95, Electronic Bongos $7.95.

0 years ghead! Model 7923 CItIzen s Band

Wi
All Solid-State 23-Channel é‘\-N Transceiver. 4 exclusives:
dual-crystal lattice filter for razor-sharn selectivity; efficient
up-converter frequency synthesizer for advanced stability;
precision series-mode fundamental crystals;
Small: only 3”H, 8"W, 814”D. $189.95 wired only.
The best buy in tube-type CB—*'Sentinel-Pro” 23-channel dual
conversion 5W Transceiver $169.95 wired only.

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

Kit $34.95; Wired $49.95.
Truvohm

Professional Portable Multimeters by EICO,
The industry's greatest V-O-M values.
Designed, made to Eico's high
standards of professionalism. Each
complete with batteries & test leads.
Backed 100% by famous EICO warranty.

Model 100A4, 100,000€/V, $34.95.
Model 30A4, 30,000Q/V, $19.95.
Model 30A3, 30,0000/V, $15.95.
Model 20A3, 20,000Q/V, $12.95.

Model 4A3, 40000)/V, $9.95.
Model TA1, 1000Q/V, $5.95.

Automotlve

EICO 888—Car/Boat
Engine Analyzer.

For all 6vV/12Vv
systems; 4, 6, 8-cyl.
engines.

Now you can keep
your car or boat
engine in tip-top shape

with this solid-state, portable, self-powered universal
engine analyzer. Completely tests your total
ignition/electrical system.

Complete with a Tune-up & Trouble-shooting Manual.
Model 888; $44.95 kit, $69.95 wired.

[ Test Equipment Tz

100 best buys to choose from.

FREE1968 CATALOG RE-3

EICO Electronic Instrument Co., Inc.
283 Malta Street, Brooklyn, N.Y. 11207

[J Send me FREE catalog describing the full EICO
line of 200 best buys, and name of nearesi dealer.

“The Professionals’’
—laboratory precision at lowest cost.

Model 460 Wideband Direct-Coupled
5" Oscilloscope. DC-4.5mc¢

for color and B&W TV service

and lab use. Push-pull DC vertical
amp., bal. or unbal. input. Automatic

el Name__
sync limiter and amp.
= $109.95 Kit, $149.95 wired. Address
Model 232 Peak-to-Peak VTVM. A must for color or B&W TV and industrial use. City.
7 non-skip ranges on all 4 functions. With exclusive Uni-Probe.® .
$29.95 kit, $49.95 wired. State Zip.
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AtRCA ournew
corporate symbol
isreally a minorchange
compared with

the innovations

it will signify
indecades to come.
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