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We've been hearing unsolicited rave reviews from soundmen across the
country concerning our seven ingeniously versatile problem-solving audio
control components (1) M68 Microphone Mixer, vanguard of the low-cost,
high-performance portable mixers; (2) M68-RM Mixer, with built-in reverb
for vocalists and special effects; (3) M67 Mixer, the trail-blazing low-cost
professional mixer; (4) M63 Audio Control Center, that gives you variable
response shaping; (5) M62V Level-Loc, the audio level controller that auto-
matically limits output level; (6) M688 Stereo Mixer, made to order for stereo
recording and audio-visual work; and finally, (7) M675 Broadcast Production
Master, that teams up with our M67 to give a complete broadcast production
console (with cuing) for under $325. Write for the new Shure Circuitry catalog
that shows them all:

222 Hartrey Ave., Evanston, Ill. 60204 y SHURE
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A wother introductory offer to new members of the
ELECTRONICS AND CONTROL ENGINEERS’ BOOK CLUB

107/971 286/515

ELECTRONIC INTEGRATED
CIRCUITS: CIRCUITS:
PHYSICAL A Basic Course
PRINCIPLES, for Engineers
ANALYSIS AND and Technicians
DESIGN

by R. G. Hibberd
Pub. price, $9.95.
Club price, $8.45

by P. M. Chirlian
Pub. price, $15.50
Club price, $13.25
637/458

497/265

DESIGNING ELECTRONIC
WITH TTL SWITCHING,
INTEGRATED TIMING AND
CIRCUITS PULSE CIRCUITS,
by Texas 2/e
Instruments by Pettit &

Inc. McWhorter

Pub. price, $18.50 Pub. price, $12.50
Club price, $13.50 Club price, $8.95

313/059

404/437

NI SOURCEBOOK SR OF

mnmumcurt OF ELECTRONIC L -
CIRCUITS
by J. Marku :ELECTRONlCS'
: 5 4 '

Pub. price, $19.75 b,{ P. Hunter Special $1.00 bonus book

Club price, $14.75 Pub. price, $27.50

Club price, $21.50
308/470

comes to you with your
first club selection

ZHEAR ACTIVE FILTERS: 621/616
COMMUNICA- LUMPED, 494/754 WAVE

TION SYSTEM DISTRIBUTED, ; ENGINEERING GENERATION
ENGINEERING INTEGRATED, MANUAL, 2/e AND SHAPING,
HANDBOOK ; DIGITAL & by R. H. Perry 2/e

gARAMETRIC

Y
L. P. Huelsman
Pub. price, $16.50
Club price, $13.95

by L. Strauss

Pub. price, $16.50
Club price, $13.95

Pub. price, $12.50
Club price, $9.95

by

D. H. Hamsher
Pub. price, $29.50
Club price, $22.50

209/731

158/215 . panosook 1 1247035 654/301 STANDARD
AN oF HANDBOOK OF ENGINEERING HANDBOOK FOR
INTRODUCTION PHYSICS PHYSICS, 2/e MATHEMATICS ELECTRICAL

TO ELECTRONIC
COMPUTERS, 2/e
by G. B. Davis
Pub. price, $12.50
Club price, $9.30

HANDBOOK
by J. J. Tuma

Pub. price, $9.95
Club price, $8.45

by Condon and
Odishaw

Pub. price, $34.75
Club price, $14.95

e ENGINEERS,
10/e

by Fink and
Carroll

Pub. price, $32.50

Club price, $24.95

Save time and money by joining the

g r——————————————" "~~~ 7
Electronics and Control Engineers’ Book Club

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB
582 Princeton Road, Hightstown, N.J. 08520

Please enroll me as a member of the Electronics and Control Engi-
neers’ Book Club and sénd me the two books indicated below. 1 am
to receive the bonus for just $1.00, and my first selection at the
special Club price shown. These books are to be shipped on ap-
proval, and I may return them both without cost or further obliga-
tion. If I decide to keep the books, I agree to purchase as few
as four books during the next two years at special Club prices (at
least 1569 below list).

HERE is a professional club designed specifically to meet your
day-to-day engineering needs by providing practical books
in your field on a regular basis at below publisher prices.

|
|
|
|
|
|
How the Club operates: Basic to the Club’s service is its publi- |
cation, the Electronics and Control Engineers’ Book Club |
Bulletin, which brings you news of books in your field. Sent to |
members without cost, it announces and describes in detail the | Write Code No. of Write Code No. of
Club’s featured book of the month as well as alternate selections | bonus book first selection
which are available at special members’ prices. : here here
|
|
|
|
|
|
|
|
|
|

When you want to examine the Club’s feature of the month,
you do nothing. The book will be mailed to you as a regular part
of your Club service. If you prefer one of the alternate selec-
tions—or if you want no book at all for that month—you notify
the Club by returning the convenient card enclosed with each
Bulletin.

As a Club member, you agree only to the purchase of four
books over a two-year period. Considering the many books pub-
lished annually in your field, there will surely be at least four
that you would want to own anyway. By joining the Club, you
save both money and the trouble of searching for the best books. l A

Name.

Address._

City__ s

State_

i
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Universal tap simplifies MATV design

Until now, MATV system design
has been somewhat complex. You had
to calculate losses in decibels and
specify a fixed tap-off isolation value
at each receiver location.

The new Jerrold OMNI-TAPs have
changed all this. OMNI-TAPs are uni-
versal. That is, any OMNI-TAP can be
used anywhere in any MATV system.
The secret is adjustable isolation.
which you can vary simply by turning
a screwdriver after the system has been
installed.

Aside from simplifying system
design, OMNI-TAPs also reduce your
inventory problems. Since OMNI-TAPs
can be varied continuously over a 12
to 25 dB range. one type of OMNI-
TAP replaces three types of conven-
tional tap-offs.

Figure 1, for example, shows a
typical 8 story apartment house, older
school or hotel, with eight TV outlets
per floor. OMNI-TAPs are used for
every TV outlet. Because tap insertion
loss is very low (average about 0.6 dB
per tap at VHF), isolation is adjust-
able. and Jerrold CAC-6 cable loss is
minimal. (3.2 dB/100’ at VHF), your
system calculations are greatly simpli-
fied. Just use a Jerrold Gibralter 3550
amplifier. fed by a Paralog Plus an-
tenna. A new motel or school would
be similar. except that trunklines
would be run horizontally.

If your particular system is smaller.
reduce the number of trunklines and
tapoffs, but nothing else. The 3550 is
economical enough even for small
systems. If the system is bigger. add
trunklines and tap-offs, but nothing
clse. The 3550 can eusily handle up to
100 OMNI-TAPs. (For systems over
100 tap-offs, use the 3661 or 3880.)

Choose the antenna as you would
an ordinary home TV antenna. except
that it usually pays to choose the next
larger model. If signals are weak,
simply add a Powermate preamplifier.

Figure 1 is a VHF-only system. But
adding UHF channels is no problem.
Simply use a VU-FINDER PLUS un-
tenna instead of the PARALOG PLUS.
and a 4400 82 channel amplifier in
place of the 3550. No other changes
are required because the OMNI-TAPs.

the splitters and the cable can handle
UHF trequencies with no difficulty.

by Bert Wolf
Manager Jerrold DSD/ECSD Division
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Adijusting
Omni-Tap Isolation

Once the system is installed, you
have to make sure it works properly.
In many cases. no adjustments will be
necessary. The OMNI-TAPs will work
fine in the system just as you receive
them.

In large systems. however, you will
have to adjust the OMNI-TAPs so that
they provide more isolation near the
Head End amplifier than they do at
the ends of the trunklines.

There are two ways 1o adjust

OMNI-TAP isolation:

1. With a Field Strength Meter.
such as the Jerrold 747. You should
have a Field Strength Meter for
MATV work anyhow, and this is
the easiest way to adjust OMNITAP
isolation.

Start by turning all of the
OMNI-TAPs fully clockwise. for

Circle 3 on reader service card
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maximum attenuation. Then, go to
a tap in the middie of the trunkline
and make sure you can read at least
1000 microvolts of picture carrier
signal on the highest channel the
system carries. If the reading is less
than 1000 microvolts, turn the
OMNI-TAP counterclockwise until
you get 1000 microvolts. Repeat
for each tap until you get to the
end of the line.

2. With an Ohmmeter. Connect the
Ohmmeter between the arm of the
OMNI-TAP potentiometer and the
center conductor of the tap output.
Set the first four OMNI-TAPs in
each trunkline (nearest the Head
End) to 700 ohms. Set the next
two OMNI-TAPs in each trunkline
to 500 ohms. Then, reduce each
tap-off in the line by 100 ohms
until you get to the end of the line.

For help in laying out a system or
solving  specific system  problems,
contact Jerrold via your local Jerrold
distributor.

Or. for more information on MATV
systems. write Jerrold Electronics,
P.O. Box A, Philadelphia. Pa.
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IDEAS IN ELECTRONICS

TELEVISION 37 Find Bad Transistors Fast
How to identify and replace unknown transistors with a
minimum of test equipment. by Arthur Cunningham
43 Kwik-Fix Troubleshooting Charts
Vertical dynamic convergence. by Forest H. Belt
51 Equipment Report
Hickok CRO 5000 oscilloscope
62 Service Clinic
Practice what | preach. by Jack Darr
63 Reader Questions
R-E’s Service Editor solves reader problems
TYPICAL DISPLAY Is made from liquid crys-
. This is a commercially avallable unit. For
AUDIO 52 Scope Analysis Of Audio Distortion o 2
How to use your scope to track down distortion in audio SaSNe/RaTI Gryeml abary: e 60 pigerS9
circuits. by Robert G. Middleton
74 More Ways To Use Your Tape Recorder
Some are old, some are new, all are useful.
by Byron G. Wels
77  Audio Switching System
Adds versatility to any stereo system.
by Fred Butterfield
91 Audio Signal Generator
One-transistor unijunction circuit
BUILD THESE 40 Binary Demonstrator
Simple device illustrates binary counting. by Frank Gross
55 Dual Clock Generator
Twin-signal source with hundreds of uses.
by Don Lancaster
DUAL CLOCK GENERATOR provides test sig-
nals for many ditferent useful applications.
GENERAL 4  Looking Ahead - see page 55
ELECTRONICS Current happenings. by David Lachenbruch
24 Appliance Clinic. Hugo Gernsback (1884-1967)
Light operated solid-state controls. by Jack Darr founder
M. Harvey Gernsback. editor-in-chief
25 Outwit Electronic Snoopers sand :ublisgetr
A Larry Steckler, editor
Plug the ears of Fhose electronic eavesdroppers. o’ F. Scon "WEPG) techaioals edfior
by John E. Cunningham Jack Darr, service editor
I. Queen, editorial associate
32 Equipment Report Matthew Mandl, contributing editor
Ten-Tec model RX-10 receiver Davlid Lachenbruch, contributing editor
James A. Gupton, Jr., photographic electronics
33 World Of Liquid Crystals Maxine C. Lipp, editorial assistant
How they work, what they do, and how they are used as ""'"""'G‘:- C'CG"'G-dD’?UC“M ’;‘a':aqe'
electronic displays. by Don Lancaster H_":.’mx°c"i;c°u’;“:°n SRL A
58 All About Electrolytics o )
Here's how electrolytics are made and used, and how to Rla'déoéil'ectron;c?s ;,ndelxed lln gp- Sty
tind and replace bad ones. by Eugene Cunningham plied Science & Technology Index < v
n - S S S8 g and Readers Guide to Periodical  °, o
82 AC Circuits Nomogram Literature. Cuar
Handles series and parallel circuits containing resistance e Tl el Bt A 2
H H adio-Electronics, ebruary, L ol. . 0. 9
and inductance. by A. K. Quinn Editorial, Advertising. and I'Ey)(ecuﬂve offices: 200 Park
Ave. S., New York, N.Y. 10003. Subscription Service:
88 Laser Experiment Boulder, Colo. 80302, Second class postage paid at
Coherence of light. lrjeswAYork Clty and additional maillng office. Printed in
One- Sub: t te: U.S. and ons. Can-
DEPARTMENTS 16 Letters 70 New Products ad: zglarpa%-zfr:;elgnn':oeuntrTes;inSB.p%;i;iSlcgumriaer;,
6 N &Ti I $8.50. Single copies 60¢.
o oAy 101 Reader Service Card 1972 by Gernsback Publications, Inc. All rights re-
86 New Books 93 Technotes goed
POSTMASTER: Notices of undelivered copies (Fo
73 New Literature 91 Try This One 3579) to Boulder, Czlalg.s 80302. — "
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looking ahead

Super-8 TV

e o = = ——— ]

You’'re going to be able to
play your home movies
through your color set if two of
the world's jeading film and
camera manufacturers have
their way. In addition, they an-
ticipate that a wide variety of
educational and entertainment
film eventually will be released
for a la carte TV viewing. East-
man Kodak has been demon-
strating a film videoplayer
which it says could be on the
market in about two years as
an attachment to television
sets. Japan's Fuji Photo Film is
in pilot production of its own
version which it plans to export
to the United States late this
year. Both units run silently,
using continuous-pulldown
systems, eliminating inter-
mittent motion and shutter
noise common to film pro-
jectors. The Kodak version
uses an all-electronic shutter
system, the Fuji a 16-face re-
volving prism. Both use flying-
spot scanning systems and ac-
commodate cartridged film.
Prices will be steep at first—
Fuji's is $750-$800 in Japan,
the Kodak unit may cost as
much as $1,000—but both
companies claim prices will
come down with the type of
quantity production required
for the consumer market.

Cable TV thaw

[ ——

Thaw in the FCC's nearly-
seven-year-old CATYV freeze is
finally in sight, and many cable
experts see the beginning of
cable TV expansion starting
later this year. Broadcasters,
cable operators and copyright
owners all have agreed to a
compromise formula engi-
neered by the White House's
Office of Telecommunications
Policy. The complex agree-
ment sets guidelines as to
which signais may be carried
by cable systems in commu-
nities of various sizes, and es-

tablishes other ground rules,
such as respect for copyrights
on programs by cable oper-
ators. It will still take some time
for the FCC to set out the
agreement in terms of formal
rules, but it is expected to pave
the way for the establishment
of new CATV systems in larger
cities, which has been banned
in the recent past under the
Commission’s freeze.

4-channel disc war

Just when it appeared that
peace was in sight in the battle
over quadraphonic record
standards (Looking Ahead, Ra-
dio Electronics January 1972),
a real war has broken out.
Once again, it's between RCA
and CBS, and it could be an-
other struggle reminiscent of
the titanic fights over postwar
record (45 vs 33) and color TV
(compatible vs field-sequen-
tial) standards.

CBS, with Sony as its
prime manutacturing ally, has
introduced and is selling the
SQ matrix disc system. Now
RCA Records has revealed
that it is working to improve
some characteristics of the
discrete CD-4 four-channel
system developed by the Victor
Company of Japan and will in-
troduce discs some time this
year. (Victor's system was de-
scribed in Radio-Electronics in
December 1970.) Allied with
RCA Recourds in this venture
are Japanese manufacturers
Panasonic and Victor, both
owned by the powerful Mat-
sushita Electric Company. Al-
though RCA’'s own manufac-
turing arm appears to be
taking a less active role, an of-
ficial statement said it favors
the discrete concept and has
no plans to market matrix disc-
playing equipment. In the CD-4
system, the two rear channels
are modulated on a high-fre-
quency carrier (around 30,000
Hz). The record is compatible
with two-channe! stereo play-
ing equipment, which simply

ignores the carrier. A CD-4
player uses a special ‘‘de-
modulator” to unscramble the
rear channels.

RCA’s main effort now is
to improve the durability of the
four-channel disc when played
using a regular stereo car-
tridge, which tends to destroy
some of the four-channel
capability. RCA says it has had
remarkable success so far
toward achieving that goal.
The obvious advantage of the
RCA system is that it presents
four completely independent
channels, providing a truer
four-channel sound than ma-
trix records, in which front and
rear channels are intermixed,
with rear channels encoded. it
has two principal dis-
advantages: (1) The playback
equipment promises to be
more costly than that for the
SQ system, since it requires a
special high-quality cartridge
capable of picking up the
30,000-Hz carrier, in addition
to the demodulator. (2) Dis-
crete discs can't be broadcast
over stereo-FM stations under
current FCC rules, while matrix
discs can. Nor can the output
of a discrete disc be fed into a
standard two-channel tape
recorder and played back
through a decoder to produce
four-channel sound. With SQ
discs already on the market
under the Columbia Records,
Vanguard and Ampex labels,
and with equipment being of-
fered by Masterwork, Sony, La-
fayette and Sherwood, the
RCA-CBS quadraphonic war
threatens to intensify in the
months ahead. Radio-Elec-
tronics will present complete
details of both CBS and RCA
systems next month.

Hotel pay TV

Talk of pay-as-you-watch
subscription TV is as old as
television itself—and so far it's
been mainly taik. The FCC has
authorized pay-TV trans-
mission to homes, and perhaps

some pilot projects will get un-
der way soon. But the first
working pay TV systems more
likely will be in hotel and motel
rooms. Two competing sys-
tems, in fact, are already well
under way—both having un-
dergone test runs, and one of
them scheduled to be in regu-
lar operation by the time this
issue of Radlo-Electronics ap-
pears. Both systems operate in
a similar manner. The pay-TV
attraction—which could be a
first-run movie or a sporting
event not broadcast over free
TV—is fed via the hotel's mas-
ter antenna system to all guest
rooms in scrambled form on an
unoccupied channel. To re-
ceive the attraction un-
scrambled, the hotel guest
calls the desk. His picture is
unscrambled and the '‘admis-
sion charge” is added to his
hotel bill.

The movies will be shown
continually throughout the day
and evening with staggered
starting times, so that at each
hour a new film begins.

Both of the systems an-
nounced so far will depend
largely on movies as their first
attractions. One system, devel-
oped by a subsidiary of Colum-
bia Pictures, has been tested
at the Regency Hyatt House
Hotel in Atlanta, and is sched-
uled to be installed soon in ho-
tels and motels in major U.S.
cities and in London. The other
system, owned by Computer
Television Inc., underwent a
long testing period in a motel
in Newark, N.J., where it was
found that a susbtantial per-
centage of guests would gladly
pay three doliars to view a cur-
rent feature film. The films, in
color, are transferred to video
tape, and shown at specified
times. If this new type of pay
TV succeeds, it could open up
a big new field in maintenance
of closed-circuit and video
tape equipment for hotels and
moteis. R-E

by DAVID LACHENBRUCH
CONTRIBUTING EDITOR
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MCR-1211...
the tonal truth, and
nothing but the truth.

Our trim, new true-fidelity cassette tape recorder. All compactly designed into a lightweight 5%2 "X
What a beautiful way to break the big-sound/ 23, " x 104" case. Complete with easy-carry
smail-package barrier. handle, microphone, earphone, Duratape® cassette,

With built-in uniform sound-level control, full-range four Duracell® batteries . . . ready to play.

dynamic speaker, new automatic shut-off that The MCR-1211 joins our other two solid-state models for

prevents electrical or mechanicai damage to tape go-anywhere, great-everywhere cassette recording.

and machine . . . many other high-value features. Try 'em all. See your nearby Mallory Distributor, soon.
MCR-1232

Recorder and superb AM/FM
radio. Total entertainment

in sound. Batteries/
a-c plug-in.

MCR-1204 - -
Neat, easy-to-use, battery-
operated recorder.

MCR-1211
The perfect gift. Simple,
push-button operation.
Batterles/a-c plug-in.

\Ins ~:‘ MALLORY DISTRIBUTOR PRODUCTS COMPANY
ALLOR

a division of P. R. MALLORY & CO. INC.
Indianapolis. Indiana 46206

; —
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new & timely
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THE CONTENTS OF A LADY'S PURSE show up on a storage-type radiographic amplifier screen.

Radiographic screens

Westinghouse has developed two
new solid-state radiographic amplifier
screens which quickly convert X-ray im-
ages into visible images with energy gain.
The screens are available in both storage
and nonstorage types for industrial non-
destructive testing and for special medical
applications.

The storage-type amplifier screen dis-
plays its visible image for several hours or
until it is electrically erased. This permits
long, detailed study of an X-ray image
without continuous exposure to radiation.
The screen can be photographed to keep
a permanent record, but no delay for pho-
tographic processing is necessary since
the screen can be studied directly.

As a direct replacement for existing
fluoroscopic screens, the nonstorage ra-
diographic screen has a reasonably fast
response so it can effectively view both
static and dynamic X-ray images. Its main
applications include production line in-
spections and nondestructive testing. it
can be photographed if a permanent

record is needed.

The panels are solid-state photocon-
ductor-electroluminescent types. The
photoconductive layer is sensitive to X-
rays. The electroluminescent layer pro-
vides the visible image and is deposited on
top of the photoconductive layer. A volt-
age is applied across the two layers. When
the photoconductive layer is exposed to X-
rays, its electrical resistance decreases,
causing more of the applied voltage to be
dropped across the electroluminescent
layer. With this higher voltage applied, the
electroluminescent layer emits more light.
The light pattern emitted exactly corre-
sponds to the pattern of incident X-rays.

Warranty plan

General Electric has introduced a TV
warranty certificate program enabling a
consumer to get service on his set any-
where in the country from any of 5,000
franchised service centers registered with
the company. Home Furnishings Daily re-
ports that it will not make any difference
where the set was purchased, because

under the new program servicing dealers
will continue to provide warranty service
for their customers, even if the buyer has
moved to a different state.

Laser communicator

A new laser communicator, designed |

to be as easy to use as a pair of binocu-
lars, was developed and demonstrated by
the Santa Barbara Research Center, a
subsidiary of Hughes Aircraft Company.
The self-contained transceiver weighs
three pounds, and uses a gallium arsenide
laser with output in the infrared to provide
point-to-point communications. The de-
vice operates from a small rechargeable
nickel cadmium battery mounted within
the body of the receiver unit.

To transmit the signal the operator
pulses the laser diode at a reference pulse
repetition rate which is then frequency
modulated by the voice signal inputs.
Each light pulse has a time duration of 100
nanoseconds and reaches a peak power
output of ten watts. Pulse transmission is
started by talking into a built-in micro-
phone.

The receiving portion of the commu-
nicator is optically aligned to receive the
transmitted light pulses through a 2.5-inch
receiver aperture. The infrared energy re-
ceived is then processed using special
techniques to enhance the signal-to-noise
ratio. The pulses are amplified and the re-
petition rate demodulated to convert the
received pulses into audio or data signals.

EARP E S MICROPHONE

OPTICAL BANDPASS
FILTER AND LENS

LENTICULAR BEA

TRANSMITTER PREADING OPTICS

RECEWER

Because of its wide-angle transmitter
beam design, the communicator may be
used under any conditions that allow the
{continued on page 12)
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new dimensions

in electronics

NOW AVAILABLE FOR IMMEDIATE DELIVERY

the versatile PHASE

SPECIFICATIONS & FEATURES

Functions: sine, square, triangle, posi=-
tive and negative sawtooth
with variab'e slope control

Controls; range, frequency, 'unctior}s
attenuator, sweep speed (VCO
frequency), VCO amplitude

Frequency Range: 0.02 Hz, to 20KHz. -
all tunctions

Dial Accuracy: better than 2% linear

Power: 115 vac, 50760 Hz.
QOutput Impedence: 50 OHMS
Output Voltage: O— 10 volts, peak—peak

Sweep Speed: variable /25 sec. —10 sec.

Sweep Width: continuously variable
maximum; 20Hz.—- 20KHz.
minimum; zero!

Waveform Distortjon: less than 1%
sine, square, triangle)

Frequency Response: 20Hz —20KHz % 1db
Frequency Stability; 0.1% per °C (0-50°C)
Square Wave Rise Time: less than 80ns.
Triangle Linearity Error: less than 0.5%
VCO Access: use the ASG-200 to trigger
other equipment, or use
other outputs to trigger
the ASG - 200!
Added Features: smooth continuous sweep
no external inputs needed)
short-circuit proof !

Dimensions: 4-3/4 in, high, 8-1/4 in. wide,
6-1/2 in, deep

solid state

AUDIO SWEEP GENERATOR

Or use itas a

Continuously sweeps
the entire audio range
ELECTRONICALLY!!

function generator

Used with your oscilloscope, you can measure
the frequency response of amplifiers, etc,,

quickly and accurately. You will see the

amplifier response curve instantaneously!
Eliminates point by point graphing!

The incredibly low price of $108.09

includes factory assembly

and testing, a two

warrantee, and a ten day

year

money -back guarantee

if not satisfied for
reason !

any

Also available as kit:$84,85

CIRCUIT
BOARDS
in 10

Minutes

with just a pair
of scissors

Pressure Sensitive Copper Foil

Weight: 48 ounces Tape and Sheet
i\ PHASE CORPORATION Dept.862 lquan] item desc price § . No Chemicals — No Mess
| 3154 Boston Ave., Medford, Mass. 02155 ASG-200|assembled|108.09 | . No Lavout Restrictions
« Full Instructions
' — ASG -200 it 84.85 4 | Simple Circuit Changes
SuP OLp CiR=-KIT | 118" 511 6o || © Flexible — Conforms to any surface shape
I . - . Use for Crossovers — Either insulate with
" cir=-x1Tl1,8" 511 80 Teflon or Mylar or use other side of board.
' CIR=KIT | 1/168°10011] 9.95 5 feet 1/16” or 1/8” wide $.60
100 feet 1/16” or 1/8" wide i $9.95
§ () Check Enclosed For: CIR=KIT | 1/18" 10011 9.95 Sheets 6/ x 12/ — $2.50 each
' [ ) Cnarge My Mester Chargs » 0 or 5 for $9.95
CIR=KIT 8 x12 sheet 2.50
{ ) Chargs My Bank Amerizara # pkg of 5 sheets 9.25 Order Now
4 ) BIp G.0.0- we pay shipping ctr_kib
Mass. Residents Acd I Saiee Tax on all cash orders A division of PHASE CORPORATION
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firsts

make learning
Electronics at home
fast and fascinating—
give you priceless
confidence.

Some NRI TIPSES in training equipment

ﬁl‘gt to give you Color Television training

equipment engineered specifically for education —
built to fit NRI instructional material, not a do-it-
yourself hobby kit. The end product is a superb
Color TV receiver that will give you and your family
years of pleasure. You “open up and explore” the
functions of each color circuit as you build.

8 RADIO-ELECTRONICS ® FEBRUARY 1972
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1]] gt to give you a unique, exciting digital

computer with memory built especially for home train-
ing. You learn organlzatlon trouble shooting, opera-
tion, programming as you build and use it. Performs
the same functions as commercial computers. Lessons
stress computer repair. You conduct a hundred ex-
periments, build hundreds of circuits. A solid-state
VTVM is included among ten training kits.

L B



NRI's “discovery” method is the result of over
half a century of leadership simplifying
and dramatizing training at home

The FIRSTS described below are typical of NRI's half century of leadership in Electronics home
training. When you enroll as an NRI student, you can be sure of gaining the in-demand technical
knowledge and the priceless confidence of “hands-on” experience sought by employers in
Communications, Television-Radio Servicing and Industrial and Military Electronics. Everything about
NRI training is designed for your education . . . from the much-copied, educator-acclaimed
Achievement Kit sent the day you enroll, to “bite-size’ well-illustrated, easy to read texts programmed

with designed-for-learning training equipment.

YOU GET YOUR FCC LICENSE OR YOUR MONEY BACK

There is no end of opportunity for the trained man in Electronics. You can earn $6 or more an hour in
spare time, have a business of your own or qualify quickly for career positions in business, industry,
government. And if you enroll for any of five NRI courses in Communications, NRI prepares you

for your FCC License exams. You must pass or NRI refunds your tuition in full. No school offers a
more liberal money-back agreement. The full story about NRI leadership in Electronics training is in
the new NRI Catalog. Mail postage-free card today. No salesman is going to call.

NATIONAL RADIO INSTITUTE, Washington, D.C. 20016

APPROVED UNDER NEW Gl BILL 1 you have served since January 31, 1955,

or are in service, check Gl line on postage-free card.

designed from

b0
1St oo e experi
[y to give you true-to-life experiences as a

communications technician. Every fascinating step
you take in NRI Communications training, including
circuit analysis of your own 25-watt, phone/cw
transmitter, is engineered to help you prove theory
and later apply it on the job. Studio equipment
operation and troubleshooting become a matter of
easily remembered logic.

chassis up for your education

il

. ! =l
fo

lI'St to give you completely specialized
training kits engineered for business, industrial and
military Electronics. Shown above is your own train-
ing center in solid state motor control and analog
computer servo-mechanisms. Telemetering circuits,
solid-state multi-vibrators, and problem-solving

digital computer circuits are also included in your
course.

FEBRUARY 1972 @ RADIO-ELECTRONICS 11



ti
n ew E I mEIy (continued from page 6)

use of binoculars, its range being depen-
dent on visibility and the degree of diver-
gence desired. Possible applications in-
clude ship-to-ship communications, riot
control, tower-to-tower transmission in the
forestry service, and various battletield
uses.

Hugo Gernsback
scholarship winner

Career Academy has awarded its
Second Annual Hugo Gernsback Scholar-
ship for 1972 to Gordon E. Shepard of
lonia, Michigan. Gordon receives $125.00
from Radio-Electronics as an outstanding
student at one of eight home-study
schools of electronics.

When he completed high school Gor-
don went to work as a welder at General
Motors, but, after two years, enrolled with
Career Academy's home-study program to
pursue his major interest, electronics. Al-
though he says he has acquired enough
knowledge now to hoid a better job, Gor-
don is planning to study full-time to learn
still more in his field.

Two-way cable TV system

A one-year pilot trial of a complete
two-way cable television system at Cape
Cod, with about 200 homes participating,
has shown that the idea of an interlinked
city is a practical possibility. Rediffusion
International Ltd., a British firm, is offering
the system to operators of telephone and
TV cable systems in the United States.

Called Dial-a-Program, the setup of-
fers subscribers variety in information and
entertainment, including access to facsim-
ile reproduction of newspapers, to film
and tape libraries and university-linked
networks, and to programs for particular
regions or ethnic groups within a commu-
nity. Subscribers could communicate with
their banks, with supermarkets and other
businesses, and computers could “talk’
to computers.

Intercontinantal transmission ‘

Bank

- University

VIATape gy ok Audiovisual

Library

tibrary Computer

Bank

BUSINESS AREA

International &
Netional deta
INS§ OUT

- — > @_’smu.n

Laser link

Remote farming

RURAL AREA

N\\Z A

-—

—e

Airport

Bank

Hospitat
School

Soogtadiug Weather buresu

Departmant stors
Fire bugade

Polica HO/Trattic contror @
Dapartment store

— 1 l
= .// 25 oft air TV programs in
tadio Progrems in
Supermark et
- Hospitat
— —
4 Oeparimant store
i

Oepartmaent store

~——® News and inlormation buresu

Local Government

v School
5

Supermarkat,
Supesmarkat

Schoot

Supermarket
RESIDENTIAL

Program and Information Sources
Subscribers

The system works somewhat like a
conventional telephone network. Color or
back-and-white standard TV sets can be
connected to a local program exchange
by two pairs of wires, one of TV bandwidth
quality (5 to 10 mHz) and another slightly
lower-grade pair which can be used for
very high speed data, speech, control and
other purposes. Signals can be carried on

() e
E— 4 Teunk

the high-grade pair in both directions si-
multaneously using different frequency
channels. In this way programs may be
originated at one subscriber's studio or
home and relayed to others via the ex-

change.
An ordinary telephone-type dial that
actuates a reed selector switch designed
(continued on page 14)
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When you're in a hurry, it’s nice to know GTE Sylvania has the parts.

Only 34 tubes and ECG solid-state componentswill  ent types. In the high-voltage section alone, only 8

solve practically all of your high-voltage rectifier re-  ECG rectifiers and triplers will take care of almost
placement problems. every job.

And they’re all available from your Sylvania dis- And they save a lot of space in your tube caddy.
tributor. When your distributor is stocked with Sylvania

Because tubes are tubes, we can’t promise to reduce receiving tubes and ECG semiconductors you'll have
the number you’ll have to carry. But, with the Sylvania the parts you need. And you'll get them fast.

line, your distributor will have the tube you need when It’s like having a complete warehouse built into
you need it. your telephone.

In semiconductors, the story is different. Just 124 And that should help you make a fast getaway.
ECG solid-state devices including transistors, diodes
and integrated circuits will replace over 41,000 differ- @ SYLVANIA

FEBRUARY 1972 ® RADIO-ELECTRONICS 13



new & timely

for 36 channels is used to select pro-
grams. An individual selector mechanism
| permits record-keeping of audience rated
figures and subscriber money paid or due.

Local exchanges, each covering
about fifteen city blocks, would be linked
by a coaxial cable network of circular
trunk routes. Signals starting at any point
in the system could be injected at any pro-
gram exchange and circulated throughout
the network or retained within a local loop.

Rediffusion’s system requires the in-
stallation of a simple cable, known as
"Qwist”, which carries both audio and
video. In effect, it extends the technology
of the telephone to the point where full
band width for color transmission is car-
ried on a wide bandwidth which is two-
way and switched.

Expected cost to the subscriber will
lie in the range of $5 to $6 per month, to
cover all the broadcast channels an oper-
ator could pick up off the air. Other chan-
nels could be rented to anyone interested
in communicating visually with the public.

A Raytheon pian view display is given a micro-
scopic examination prior to acceptance tests
by the U.S. Federal Aviation Administration.
The high resolution screen displays aircraft in-
formation and movements clearly in alpha-
numeric characters and lines considered supe-
rior to air tratfic control displays currently in
use.

Alec Reeves dies

The developer of pulse-code modu-
lation, Alec Harley Reeves, died of cancer
on October 14th. He was 69 years old.
Best known for his revolutionary method
of transmitting telephone conversations,
other electronic messages or data, Dr.
Reeves spent his entire professional ca-
reer, until retirement, with International
Telephone & Telegraph Corporation (ITT).
He left no family.

Dr. Reeves was born in England in
1902, graduated from London University,

14

(continued from page 12)

Laser resistor-trimming set-up at Motorola. Resistors on hybrid circuit substrates are trimmed to
tight ohmic tolerance by a laser beam which cuts into the fiim resistors used. The TV monitor dis-
plays hybrid circult workpiece, while the computer/measurement system (on the right) monitors and

controls the trimming operations.

and was a member of the British Institution
of Electrical Engineers. At ITT he worked
on the first transatlantic radiotelephone
system. Later he aided in implementing
the first Spain-to-South America high-fre-
quency radio link and the first microwave
radio system across the English Channel.
During World War Il he developed the
*Oboe" radio navigation system, for which
he was made a Member of the Order of the
British Empire in 1945,

First case of healing fractures by
electricity reported

University of Pennsylvania surgeons
have reported the first successful case of
healing a bone fracture in a human by
electricity. The research, begun nine
years ago, has culminated with repair of
an ankle fracture in a 51-year-old woman.
Details on the technique were reported in
New & Timely, July 1971, Radio-Elec-
tronics.

Peruvian government seizes TV
The revolutionary military government
of Peru has taken control of the TV and ra-
dio industry. The reasons given by the
Minister of Communications and Trans-
port, Brig. Gen. Anibal Meza Cuadra were
basically that the 19 TV and 222 radio sta-
tions were in the hands of a few families
and not designed to aid the cultural, social
and economic development of the people;
only 36% of the mass media shows are of
Peruvian origin, the rest are mostly dub-
bed programs from the US, Europe, Mex-

ico and Argentina; commercials take up
nearly 40% of broadcast time; and most
stations are concentrated in a few large
urban centers and do not service the ma-
jority of peopie who live in rural areas.

| While most industry sources con-
ceded that many of the military's com-
plaints and aims were justified, they de-
nied responsibility for the shortcomings,
claiming that the way they ran their sta-
tions reflected life in Peru, as well as in
many other Latin American countries.

ANTENNAS FOR A US ARMY ground surveil-
lance radar (foreground) and a long-range sur-
velllance radar used by the Marine Corps. Both

are developed and produced by ITT.

RADIO-ELECTRONICS ® FEBRUARY 1972
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caddy.

our distributor is stocked with Sylvania

receiving tubes and ECG semiconductors you'll have

the parts you need. And you’ll get them fast.

only 3 ECG
built into

state devices will take care of almost every jo
| pain in the neck.
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And they save a lot of space in your tube

When y
It’s like having a complete warehouse

your telephone.
And that can save you from area

ent types. In the damper section alone,

solid

know GTE Sylvania has the parts.

he tube

s nice to

it

hurry,
-state components

9
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Il have to carry. But, with the Sylvania
chances are your distributor will have t

need when you need it.
In semiconductors, the story is different. Just 124

ECG solid-state devices including transistors, diodes

’

re all available from your Sylvania dis-

’

Because tubes are tubes, we can’t promise to reduce

the number you

line,

Only 15 tubes and ECG solid
you

will solve practically all of your damper replacement

problems.
And they

tributor.
and integrated circuits will replace over 41,000 differ-
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Telex headphones and headsets give you that comfortable feeling
of assurance when you monitor broadcasts or communications.
Signals come through loud and clear — intelligibly and reliably.

Telex professional monaural or stereo hea(_iphones incorporate
audiometric-type transducers that are impervious to temperature
or humidity changes and provide you with absolute performance
consistency day in, day out. These sensitive dynamic transducers
produce high output levels with minimum consumption of trans-
mission power. Available in single or dual muff configuration and
with noise cancelling dynamic or carbon boom microph_ones.

And you’ll never miss a cue or program buss with a ’_I'elex
Anouncers Earset® . Inconspicuous for ‘on camera’ work, it has
practically become standard in the in(.iustry. _

Or you can select a Teleset® , Twinset® or Earset® for light-
weight, comfortable and inexpensive private monitoring. And for
special applications in business or home, industry or institution,
Telex makes a listening device to fit your requirements. Available
at better sound dealers or write for free information. You'll hear
more from Telex.

L T=T=T0 ]

NENE

COMMUNIC AT

TR OF FOWMO MESES

a8

(=0 51

9600 ALDRICH AVEMUE SOUTH
MINNEAPOLISE, MINNESOTA 55470

CANADA: DOUBLE DIAMOND ELECTRONICS. LTD., Ontario
EXPORT: ROYAL SOUND COMPANY, INC., 409 North Main Street. Fresport, N.Y. 11520 U.S.A.
Circle 6 on reader service card
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letters

TOO MUCH TUNING

I would like to take exception to
part of the article “Break Through Ra-
dio Pollution™ by Robert B. Cooper in
your June 1971 issue of Radio-Elec-
tronics.

I'm sure that most of us would
rather “tweek and re-tweek™ once in a
while in preference to adjusting four
dials every time we tune in a new sta-
tion on FM. Mr. Cooper's statement
that modern FM sets use one rf stage
shows poor contact with the FM broad-
cast receiver field. Oak Products’ FM
tuner, which is used in several FM sets
on the market. including the Heathkit
AR-15. has two rf stages. and FET's in
the front end. and has been in produc-
tion and general use for three years.
There is no evidence of front end over-
loading as a result of large adjacent sig-
nals.

The use of printed-circuit coils
seems 10 be a panacea. since we're all
going printed-circuit these days, but Mr.
Cooper's claim that they are more
stable than wire coils is just not true.
The best of the printed-circuit mate-
rial—epoxy glass—has a far higher tem-
perature coefficient of expansion than
wire. and therefore would be more un-
stable. Further. the process of etching
the PC leaves very sharp edges on the
copper. This. along with the fact that
the wire is laid the way it is. leads to
very high losses at the edges. and his
1716 flat wire assumes the proportions
of a No. 34 wire or less. This does not
contribute to a very high Q in the tuned
circuit.

Also. we at Radio Aids have used a
tube-type tuner. with much the same
characteristics as Mr. Cooper claims for
his FET tuner. for 22 years. although we
use tubes rather than transistors. of
course. Our requirements call for sensi-
tivities in the order of 0.3 uV for 20 dB
silencing at the front end. Our tuner op-
erates with one dial.

HOWARD S. KNAACK
Radio Aids
Lake Bluff. Ill.

MR. COOPER REPLIES

I find that you have not grasped the
purpose of my article on the FM pre-
amp. and | would like to present a
number of facts about etched in-
ductors.

You mention our having a lack of
contact with the FM broadcast receiver



field. If you will carefully check my text
material, you will find that my reference
to a stage, such as rf stage, is a semantic
term covering a particular function. and
not the number of active devices found
within that particular section of the re-
ceiver. In other words, an rf stage is one
in which radio frequency amplification
takes place, regardless of whether this is
done in one or a dozen active devices,
such as a transistor. It is a fact, of
course, that virtually all top-of-line FM
tuners and/or receivers are today using
FET’s in the front end. This has been go-
ing on for a number of years. What has
escaped you is the manner in which
these FET's are being used in receivers.
I am intimately familiar with their op-
eration. We use them in our lab for
reference sources. 1 am afraid there is
considerable evidence of front-end
overloading as a result of large adjacent
signals. If you have never experienced
front-end overloading with modern
tuners you simply have not been located
close to one or more local FM trans-
mitters. If you “sweep” the rf amplifier
section (stages) of these receivers you
will probably discover, as we did some
years ago, that the 3 dB selectivity
points, as measured through the f
amplification ~ stage, are  approxi-
mately 3 MHz. In other words, signals
+ or - 1.5 MHz from the frequency the
receiver is tuned to are being amplified
by the rf stage by not less than 3 dB, ref-
erence to the station you think you are
tuned to.

Stability in inductors is really a
moot question unless you have had the
opportunity to work with etched in-
ductors. Stability can be measured as a
function of rapid temperature and/or
humidity changes, or as function of ex-
act repeatability from one device to the
next. Within the normal temperature
ranges that are experienced by most re-
ceiving devices, the coefficient of ex-
pansion of wire and glass epoxy board
is in a negligible change region and it is
unlikely that in either case there is suf-
ficient change to warrant discussion.

On the other hand, in the business
of designing and building exact band-
pass devices, such as filters or amplified
filters, the ability to work with identical
inductances from one stage to the next
and from one device to the next is ex-
ceedingly important. For example, all
high-quality laboratory standards band-
pass filter devices which use discrete in-
ductors wind these inductances on pre-
grooved forms. This is to eliminate the
inherent human and mechanical errors
which invariably creep into the produc-
tion process of manufacturing what is
supposed to be an identical series of in-
ductors. Even this technique leaves a
great deal to be desired.

Our belief in the etched inductors
is based on the assumption that when
working from a suitable master, each

board containing one or more etched
inductances is identical to all boards be-
fore. If the board master itself is correct.
and can be resonated within the desired
frequency range, the production person-
nel, the alignment technician, and the
ultimate user can be assured that each
device manufactured using this concept
will have performance parameters that
are identical to its original production
claims and measurement specifications.
Inshort, the question really becomes
one of exact repeatability from one de-
vice to another. We believe this is where
the etched inductor has a very definite
place in the future of electronics.
ROBERT B. COOPER. JR.
CADCO
Oklahoma City. Okla.

IS DOLBY NECESSARY?

Much has been said in your maga-
zine about the application of Dolby
processing to FM broadcasting. The
whole basis of Dolby (type B) is to
boost treble during low-level passages;
the response is then flattened during
normal or maximum-level passages. A
complementary device is supposed to be
used to de-process the audio. However,
should we assume that there will always
be level changes sufficient to derive
benefit from Dolby processing?

In my opinion, the typical rock mu-

sic FM station will not receive a benefit
from Dolby sufficient to justify the ex-
pense. I have actually watched modu-
lation meters at a rock station. Level
changes sufficient to activate the Dolby
equipment may represent 1% or less of
air-time and on some days they may
never happen at all!

Many radio stations in this country
(rock and others) do not allow drops in
audio level: they employ 20 dB or more
of automatic volume-compression and
an uncertain degree of manual com-
pression (they ‘“ride the gain”). Such
stations pride themselves on being
“tight”—which is broadcasting slang for
allowing no lapses in audio whatsoever.

Many recordings are already highly
compressed these days—even many clas-
sical recordings. While it is true that
Dolby processing may extend the dyna-
mic range of commercial recording, I
believe that the final product will al-
ways be subjected to compression. This
is especially true of rock music.

As a matter of fact, several rock
stations on FM in this country are auto-
mated and the equipment will automat-
ically reject the very kind of audio
which would benefit from Dolby pro-
cessing. It's called “silence sense” and
it’s intended never to allow any silence
on the air that might result from an

(continued on page 22)

For
faster
service

USE
LIP
CODE

TO-50
e DC to 10 mhz

attenuator

probe

e 5 X magnifier

mode

o 5” flat face tube
edge-lit graticule

on
all
mail

frequency response

e .02 volt sensitivity

e Calibrated vertical
o Calibrated time base

e Supplied with combi-
nation Direct/Lo-Cap

e Automatic triggering

TRUE TRIGGERED SWEEP

0SCILLOSCOPE/VECTORSCOPE

MODEL

One Year Warranty

338"

Made in U.S.A.

See your distributor or write Dept. RE-2

LECTROTECH, INC.
4529 N. Kedzie Ave., Chicago, lllinois 60625

Circle 7 on reader service card
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“He's a good worker.
I'd promote him
right now if he had
more education
1n electronics.”

Could they be talking about you?

You'll miss a lot of opportunities if you try to get along
in the electronics industry without an advanced edu-
cation. Many doors will be closed to you, and no
amount of hard work will open them.

But you can build a rewarding career if you supple-
ment your experience with specialized knowledge of
one of the key areas of electronics. As a specialist,
you will enjoy security, excellent pay, and the kind of
future you want for yourself and your family.

Going back to school isn’t easy for a man with a

RADIO-ELECTRONICS ® FEBRUARY 1972

full-time job and family obligations. But CREl Home
Study Programs make it possible for you to get the
additional education you need without attending
classes. You study at home, at your own pace, on
your own schedule. You study with the assurance that
what you learn can be applied to the job immediately.

CREI Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even cable TV engineering. You're sure to find a pro-
gram that fits your career objectives.



CREI, A Division of the McGraw-Hill
Continuing Education Company

Dept. E1402C, Wisconsin Ave. & Tilden St.,
Washington, D.C. 20016

Please send me FREE book describing CREI Programs. |
am employed in electronics and have a high school education.

. ) . NAME . AGE__
You're eligible for a CREI Program if you work in elec-
ADDRESS
book gives complete information. Mail postpaid card for CITY STATE Z1P CODE ~

your copy. If card is detached, use coupon at right
or write: CRE|, Dept. E1201C, Wisconsin "
Ave. & Tilden St., Washington, D.C.20016. |

Founded 1927

CREI

Accredited Member of the
National Home Study Council

EMPLOYED BY

TYPE OF PRESENT WORK 0 G.l. BiLL
| am interested in: [J Space Electronics
[ Electronic Engineering Technology [1 Computers
[ 'ndustrial Electronics [] Nuclear Engineering
Technology [ Electronics Systems Liigineering
[0 Non-technical course in computer programming
[J CATV Engineering 9

APPROVED FOR TRAINING UNDER NEW G.1. BILL
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Need high temperatures in tiny places?

The amazing Little Torch is so tiny
it can throw a flame of 6300°F.
through the eye of a needle. It sol-
ders, brazes, welds and heats with
exacting precision in the smallest
places; uses oxygen and acetylene,

oy
mobile unit...
3 {

>
“DUAL RECEIVE CAPABILITY

New Messenger 323-M

Hottest CB idea since 23-channel
operation! DRC lets operator work
one channel while automatically mon-
itoring another. 2 monitor channels
are switch selectable. Indicator light
flashes when call is received on moni-
tored channel. Mode switch selects
indicator light only or automatic
switching to monitor channel audio.
Separate squelch circuits, too.

You're going to hear
| more from...

¢/ JUHNGIN

J ® waseca.Minnesota 56093
Circle 9 on reader service card

1rra
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hydrogen, propane, natural gas or
Mapp. It's available with five tips
ranging in size from one large
enough to weld 16 ga. steel to one
small enough to weld .002" copper
wire. For free brochure write to:

Tescom

CORPORATION

Instrument
oivisian

Dept. 2-SS, 2600 Niagara Lane No., Minneapolis, Minnesota 55441

Circle 8 on reader service card
L ne e

Save Time
on PC Board
Repairs!

Meited soider
disappears up
hollow tip
into tube

The ENDECO Desoldering Iron
Removes Soldered Components
in seconds...without damage!
Endeco melts solder; removes last trace
by vacuum. Leaves terminals and
mounting holes clean. Resolders PC
boards better than regular jron. One-
hand operation. Temperature controlled
for continuous use. Standard tip furn-
ished, 5 other tip sizes. Pays for itself.
$20.65 net. Smailer size available. See
your distributor or write:

ﬁ ENTERPRISE

DEVELOPMENT
CORPORATION

5127 E. 65th - Indianapolis, Ind. 46220

Circle 10 on reader service card
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LETTERS
(continued from page 17)

expired tape or a defective machine.
However, this gadget is a troublemaker
sometimes because it may reject the oc-
casional soft or slow passage in the mu-
sic. 50, as a matter of seif-defense, the
tapes for the automation are subjected
to lots of automatic and manual com-
pression, and even some clipping, dur-
ing preparation. Then the station com-
presses the tapes even more on
playback. After all this, it goes to the
Dolby. I think there will not be many
level changes on which the Dolby can
operate!

Too many of us are guilty of think-
ing of FM as it used to be: classical mu-
sic with wide dynamic range was once
FM’s specialty. But is this still true to-
day?

I don’t agree with those that say
that FM benefits from Dolby even if the
complementary receiver circuit is not
used. If the de-processing is not used
the response will not be flat at all times.
Isn’t a flat response one of the primary
objectives of FM? FCC regulations
specify more flatness on FM than on
AM.

If the FCC rules that Dolby can be
used at all times. then they will require
that all manufacturers build in the
Dolby circuits in all new receivers. This
will render obsolete thousands of FM
receivers already in use. Nine out of ten
receivers in use cannot easily be con-
verted—only those with separate tuners
and preamplifiers can be converted with
ease. But that kind of set is in the mi-
nority today.

Is all the expense and bother really
worthwhile? This change would be
made for the sake of a minority of lis-
teners with borderline reception. Let me
point out that the FCC limits the range
of a station by limiting the power which
may be used. It is illogical to use a gad-
get such as Dolby to extend the range,
and it is an attempt to bypass the rea-
sons for limiting power.

CLYDE E. WADE. Jr.
Little Rock, Arkansas

TIC-TAC-TRONIX

Two problems seem to have crept
into my “Tic-Tac-Tronix™ article which
appeared in the December 1971 issue of
Radio Electronics. In Figure 3, diodes D1
through D7 should come directly from
the base of the first Darlington Transistor.
Thisconnection appears correctin Figure
9. Figure 10 and Figure 11.

Integrated circuit ICSisa 74107. Itis
correctly called out in the parts list and
Figure 11, but is garbled in Figure §.

Hope these details make construc-
tion a little casier for Radio-Electronics
readers.

DON LANCASTER R-E
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GRANTHAM SCHOOL OF
ENGINEERING

“the college that comes to you”

Earn an Associate Degree
in Electronics Engineering

The GRANTHAM educational program in ELECTRONICS ENGINEERING is designed to
upgrade electronics technicians to the engineering level, mostly by home study.

While you continue your present employment,
you can really learn electronics engineering and
earn an ACCREDITED DEGREE.

GRANTHAM’s strong-foundation corre-
spondence program in electronics engineering
leads to non-obsolescent skills — to skills based
on reasoning — and leads to the DEGREE of
Associate in Science in Electronics Engineering
(the ASEE Degree). Completion of this program
will prepare you for positions normally filled by
college-graduate engineers, and for many other
electronics careers open to men with the proper
training.

This accredited degree program for experi-
enced technicians consists of four correspond-
ence courses of 100 lessons each—an overall
total of 400 lessons — followed by a two-week
graduation seminar held at the School. Upon
completion of the four correspondence courses,
you are awarded a diploma in Electronics Engi-
neering. Then, upon completion of the two-week
graduation seminar, you are awarded the ASEE
Degree.

Grantham School of Engineering
e Established in 1951 e
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> T 5 Hollywood, Calif. 90027
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What'’s in Your Future—
The Same Old Job, or Success in Electronics?

Where will you be five years from today? Are you
headed for real advancement in electronics, or in
a rut? The experience you have is valuable; it
gives you a head start toward a better future. But
to get ahead and stay ahead, experience must be
supplemented with more education in electronics
and such allied subjects as mathematics, physics,
computers, and engineering design.

Accreditation and G.I. Bill Approval

Grantham School of Engineering is accredited
by the Accrediting Commission of the National
Home Study, is approved under the G.I. Bill, and
is authorized under the laws of the State of Cali-
fornia to grant academic degrees.

For complete details, mail postcard or coupon.

Grantham School of Engineering
1505 N. Western Ave., Hollywood, Calif. 90027
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the Grantham educational program can prepare me for
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To Troubleshoot

FAST & EASY

use: Serviset

Model EC
PATENTED

Intro-Price

$2995

FREE
Postpaid INFORMATION
A precision engineered professional quality
slectronic test instrument. Ideal for field or
bench servicing of all types of Communica-
tions gear.
CHECKS: sync, sweep, video, audio circuits,
high voltage supplies (DC, RF or Pulse), low
voltage supplies, coils, capacitors, resistors,
tubes, transistors, diodes, transformers,
speakers, etc. Will locate trouble to a partic-
ular stage, determine defective component
and can actually be clamped in circuit to re-
store circuit operation temporarily in 80%
of component or tube defects. Ideal for locat-
ing and confirming intermittents.

SPECIFICATIONS:

RF & AF Signal Tracer, RF & AF Signal Injec-
tor, AC & DC Voltage Indicator 0/60/550/
20,000 DC Polarity Indicator 60/550/20,000
volts, Lo ohms 0-5. Hi ohms 0-500k-20 meg-
ohms. Tests Condensers, .00025-12 mfd., Tests
Resistors 2 ohms-20 megohms, 2 Capacitance
Sub ranges .01-.1 & 4.40 mfd., 3 Resistance
Sub ranges 50-500 ohms, 5k-25k, 100k-1 meg.

NEW CT-1
'\::i’l'lnallow you °f£°f

to Dynamically test all
types of capacitors.

The Model CT-1 features a built-in electronic
power supply providing BOTH AC and DC
Test Voltages in a special circuit with high-
ly sensitive NEON type leakage indicator.
The CT-1 permits quick, accurate testing of
condensers for leakage or shorts with actual
DC voltage applied and readily indicates in-
termittent OPEN condensers with AC ap-
plied. Self-regulating power supply circuit
provides tapered forming current to suit par-
ticular requirements of capacitor under test.
Special circuit re-forms and polarizes elec-
trolytic and tantalytic capacitors under test.
High sensitivity permits determination of
condenser dielectric breakdown before leak-
age causes major shut-down.

Only $16.95 postpaid
Capacitor Range: .00025 — 1000 mfd.
Sensitivity: Over 200 MEGOHMS

30 DAY MONEY-BACK GUARANTEE

LEE ELECTRONIC LABS., CO.

88 Evans Street
Watertown, Massachusetts 02172

Circle 12 on reader service card

YOURE GOING TO RUN INTO SEVERAL
kinds of appliances which are turned on
or off automatically by the presence or
absence of light. Not too far back, this
would have meant a vacuum-tube
photocell. an amplifier. dc power sup-
ply. relay. and a pretty bulky “package™
of electronics. They're getting a lot
smaller. There is a solid-state device
that can be turned on or off by light.
and guess what? It’s our old friend the
SCR in a new version: two SCR's back-
to-back in a single package with a hole
in the top. and actuated by light. This is
the LASCR.

These are just like phototransistors.
Actually. all transistor junctions are
photo-sensitive—light falling on ‘em
makes ‘em turn on. All they have to do
to make a phototransistor is leave a hole
in the top of the case so light can hit the
junctions. The LASCR can be turned on
by light falling on it. In other words.
with light. conduction: no light. no con-
duction. See any good SCR Handbook
for full details.

LOAD SOCKET

6A

Rt

g 200k
) $ SENSITIVITY
SW RCA

R2

2 <

4 gs 5K ¢

-
| R3
120v o 12K

1
]
—
-~

2\ | RCA
A*) 4403
PHOTOCELL

There are applications where we
need full-wave conduction. So. we have
to use a “double SCR™ or “Triac™ since
the basic SCR cuts off half of the ap-
plied ac. like any diode. Also. in a lot of
cases. we need an “opposite reaction™:
turn on when there is no light. turn off
when there is. So we add a few little
gubbins to the circuit, like the one
shown in the diagram. from RCA’s
“Solid-State Controls™ book. and there
we are.

What Are They Used For?
There are lots of applications for
I this kind of thing; automatic yardlights
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appliance clinic

that turn on at sunset: automatic night
lights. room lights. garage door openers.
and so on and on. Three resistors. two
capacitors. and three solid-state devices
and there you are. The RCA 40485 is a
6-amp Triac. so it will handle up to 700
watts or so. There are higher-rated types
if needed.

How Does It Work?

When there is no light falling on
the 4403 photocell. its resistance is high.
So the ac voltage coming through SENSI-
TIVITY control RI and resistor R2 can
charge .05-uF capacitor Cl to a high
voltage. twice during each full cycle.
This builds up enough voltage to fire
the trigger-diode. which in turn fires the
Triac and discharges the capacitor. This
is the on condition: whatever load is
plugged into the load socket will be
energized.

In a yard-light. this would be
“night™; no ambient light. so the light
turns on. When day breaks. the light in-
creases (unless the smog is too thick).
The increased light falling on the
photocell makes its resistance go away
down. Since the photoelectric cell is ac-
tually shunted across C1. it prevents the
voltage on the capacitor from rising to a
level high enough to fire the trigger-
diode. So the Triac won't fire either.
and the light goes off.

This circuit. as-is. would be all
you'd need for an automatic yard-light.
etc. It could also be used for things such
as counting packages on a conveyor
belt. counting people going through a
gate to a sporting event. etc.

With an external relay plugged into
the load socket. it could be used to start
or stop a motor. A relay can open a cir-
cuit or close it. depending on which pair
of contacts (on a spdt) you use. when its
coil is energized.

So this could be “reversed”; made
to turn lights on when light hits the
photoelectric cell. (F’rinstance. auto-
matic garage lights which turn on when
the car’s headlights hit the cell) or even
a garage-door opener which works
when the headlights shine on it. etc.

If anything goes wrong with one of
these. servicing is simple. Any of these
things can be checked out with an
ohmmeter and an ac voltmeter. Just like
checking transistors. Look for a short or

(continued on page 69)



The electronic snooper will resort to anything to listen to

your conversations. See how to plug his electronic ears

outwit electronic snoopers

“BUGGING™ OR ELECTRONIC EAVES-
dropping. which was something strictly
from science fiction. is a big business in
the United States today. You don't hear
much about it. because legitimate man-
ufacturers of such devices promote their
products primarily to law-enforcement
agencies, and makers of illicit bugs pre-
fer to attract as little attention as pos-
sible to their operations.

FCC regulations prohibit the sale
or use of unauthorized eavesdropping
devices, but the fact is that a reasonably
effective bug is relatively easy to build.
They usually can be readily concealed.
and since their signals can only be
picked up over a distance of a few hun-
dred feet at the most, it is almost impos-
sible to enforce the regulations.

Bugs have been used by private de-
tectives to gather information for their
clients. by employers to eavesdrop on
their employees, by businessmen to gain
access to their competitors secrets, and
by jealous husbands to check on their
wives. In fact, bugs are so easily built or
purchased that it is safe to assume that
anyone’s conversation may be bugged if
a person feels it is worth the risk.

This widespread use of eavesdrop-
ping devices has led to the development
of a new profession—that of the elec-
tronic “debugging” expert. Many secur-
ity consultants spend full time locating
bugs and providing secure areas for pri-
vate business discussions. Furthermore,
many electronics technicians are being
called in by companies to assure that
their secrets are not leaking out to com-
petitors by way of bugs which have
been secreted on their premises.

There are four types of electronic
eavesdropping devices that are in com-
mon use today:

1. High-gain directional micro-
phones.

2. Hidden microphone wired
directly to a listening or recording de-
vice.

3. Miniature radio transmitters.

4. Bugs used in connection with
telephones.

The first type, the high-gain di-
rectional microphone, is the easiest to
defend against. It is simply a micro-
phone equipped with a parabolic reflec-
tor to make it highly directional. De-
vices of this sort are large and hard to

by JOHN E. CUNNINGHAM

conceal. Usually. they cannot pick up
conversations at distances of more than
about 150 feet. The defense is simply to
hold conversations in areas with reason-
ably soundproof walls and closed win-
dows. It also helps to have a distracting
source of sound, such as a transistor ra-
dio in the room.

The second type is a microphone
that is hidden in a room and connected
by wires to a remote point where the
eavesdropper listens with an amplifier
and headphones, or has planted a tape
recorder. This type is usually difficult to
track down because it doesn't radiate.

By far the most common type of
bug is the miniature radio transmitter
such as the one shown in Fig. 1. This
device is actually a battery-operated
transmitter. The eavesdropper merely
plants it and then picks up its signal
from some convenient place where he is
not apt to be noticed.

The fourth, and probably most so-
phisticated type of bug is the telephone
bug. Many different types of telephone
bugs are in use. They range from simple
wiretaps to radio transmitters hidden in
the telephone. The latter are often ar-
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FIG. 1-INEXPENSIVE WIRELESS BUG trans-
mits on an unused portion of the standard FM
broadcast band.

TO CONNECT PHONE
TO LINE

TO BELL
——y ]
LINE | TO PHONE 5
| TonE TRIGGER
FILTER |__|circuiT Rl

FIG. 2—-TELEPHONE BUG CIRCUIT. Calier at
listening point turns on phone’s mike by dial-
ling number then sending special tone.

ranged to draw power from the tele-
phone line and use the telephone trans-
mitter as a microphone.

A very sophisticated telephone
bug, shown in Fig. 2. effectively “an-
swers” the phone before it rings. In this
circuit. a tone-operated relay is con-
nected so when a tone of the proper fre-
quency is transmitted on the line, a re-
lay is actuated to disconnect the bell,
and connect the transmitter to the line.
Once this kind of bug is installed in the
victim’s phone. the eavesdropper can
dial the number from any other phone
in the United States. There is a short pe-
riod of time between the instant that the
connection is made and when the bell
starts to ring. During this interval, the
eavesdropper transmits a tone over the
line with a small portable oscillator.
The tone prevents the bell from ringing,
and connects the victims telephone to
the line. The eavesdropper can then lis-
ten to all of the conversation in the
room from as great a distance as he
wishes. The only way that the victim
might become aware of the bug is when
he fails to get a dial tone when placing a
call. Even this usually isn’t noticed. be-
cause when the cavesdropper hears
someone attempting to use the phone
he can quickly hang up.

This type of bug is complicated and
expensive, but it has the advantage that
once the bug is planted. the eavesdrop-
per can listen in almost complete safety.
to everything that is taking place.

Debugging techniques

When an e¢lectronics technician is
called in to locate a bug, or to provide
an electronically secure area for private
conversations, he must use every bit of
ingenuity at his command. The state-of-
the-art at the present time seems to be
on the side of the eavesdropper.

The first step in debugging a room is
to conduct a painstaking and thorough
physical search of the premises. This is
time consuming, but is usually well
worthwhile. Many experts charge fees
of up to $1.000 to assure that a confer-
ence room is secure.

When conducting a search. pay
particular attention to anything that is
new, or temporarily present in the
room. A favorite way of temporarily
planting a bug is to conceal it in an item
of personal property that can be left as
though by accident. Thus a competitors
representative may leave a briefcase,
raincoat, or umbrella containing a bug
during a visit to a facility. Many mod-
ern bugs are inexpensive and are con-
sidered expendable. Sometimes bugs
are concealed in gifts such as pictures.

An important factor in debugging
an area is the fact that a professional
agent rarely plants only one bug. He
plants at least two and sometimes more.
So if the technician locates a single bug.
he should not consider his job done.
The bug that he found may have been
deliberately planted in a place where it
would be easily found to lull the victim
into a false sense of security. while an-
other bug is transmitting all of his con-
versations.

A small metal locator of the type
used to locate buried objects is a valu-
able aid in locating wired microphones
that do not radiate.

When a conference room is first
built, or at a time that it is known 1o be
secure, make a “map” with the aid of a
metal locator showing the location and
size of metallic objects. If during a sub-
sequent search with a metal locator.

FIG. 3—SPRAGUE INTERFERENCE LOCA-
TOR—vital as a debugging tool—was designed
specifically to track down rf signal sources.
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FIG. 4—THE HOUND DOG covers from below
27 to above 108 MHz and responds to both
strong signals and weak signals nearby.

new metal objects are detected in the
walls, ceiling. floor. or furniture, further
investigation is warranted. If no new
metal objects are located. carefully in-
spect existing ones such as lamps, vases,
and electrical outlets.

Rf field-strength measurements

Most  miniature-transmitter type
bugs can be located with f field-
strength measurements. A typical inter-
ference locator that has been very effec-
tive in locating clandestine transmitters
is shown in Fig. 3. The search is often
simplified by first carefully examining
all signals on frequencies that the eaves-
dropper is apt to use. The professional
will never use a frequency where his
bug is likely to be picked up by other
users of the spectrum. One bug was lo-
cated because it was interfering with air
traffic communications. Frequencies are
usually selected where sensitive receiv-
ers are readily available commercially.
This factor. together with the fact that
short antennas are cfficient, has led to a
tremendous number of bugs operating
in and just outside of the standard FM
band of 88 to 108 MHz. Commonly
used eavesdropping frequencies are
listed in table 1.

Amateur eavesdroppers are apt not
lo be as aware as the professional of the
risk of using certain frequencies. They
use almost any frequency where they
can build small efficient transmitters.
This means almost any frequency up to
about 200 MHz might be used. The
search isn’t complete until the entire
spectrum has been checked.

Make debugging field-strength
measurements by carefully identifying
each signal that is picked up in the sus-
pected area. Many bugs use voice-oper-
ated relays that turn the bug on only
when a conversation is taking place. For
this reason. the searcher should talk
continuously while making the mea-
surements. Otherwise. the bug might
not be radiating while a measurement is
made. While making measurements. if
the investigator hears his own voice
over the ficld-strength meter. it is a sure
sign that a bug is operating in the vicin-
iy.

Another popular debugging meter,



FIG. 5—THE LINE SWEEP detects tones sent
over phone line to actlvate bug. Can be used to
detect bugging on local or distant phones.

called the “hound dog” is shown in Fig.
4. This unit is not tuned, but has a
broad response to signals from below
the Citizens band to above the FM
band. Since the majority of bugs oper-
ate in or near the standard FM broad-
cast band, the meter is made most sensi-
tive over this part of the spectrum.

The meter is used to probe the
walls, floors. and ceiling of the sus-
pected area, as well as all objects in the
area. Its sensitivity is adjusted to pro-
vide a minimum reading on signals
from local FM and TV stations. When it
is brought in close proximity to a bug,
the meter indication will rise sharply.
This simple meter in the hands of an ex-
pert will detect almost any bug of the
radio transmitter type.

In areas where there are many
strong signals, it is often advisable to
make the search after 2 AM when most
stations are off the air.

Telephone debugging

Because of the possibility of wire-
tapping. a telephone should never be
considered completely secure. The
phone itself. however. can be debugged.
Begin with a thorough search inside the
phone for foreign objects. Then make
field-strength measurements to detect
any transmitter that wasn't discovered

by the physical search.

Tone-operated telephone bugs can
be detected with an instrument called
the “Line Sweep”, shown in Fig. 5. This
device is connected to the telephone
line and. as its name implies, generates
a tone which is swept through the audio
spectrum while a meter monitors the
line voltage. The voltage on the phone
line is normally approximately 50 volts.
If while the line is being swept, the po-
larity of the voltage reverses, it means
there is an incoming call.

If while the instrument is sweeping
the spectrum, there a significant dip in
the line voltage, there is probably a
tone-operated bug on the line. More of-
ten than not it will be in the phone it-
self, but it could be anywhere along the
line. Once you know there is a bug. it is
simply a matter of dilligent searching to
find it.

The Line Sweep can also be used
to check any local or distant phone for
the presence of a tone-operated bug.

TINY WIDEBAND MIKE measures 0.375 x 0.375
X 0.200 Inches. Its output must be amplified for
taping or transmission.

Simply advise the party on the other
end not to answer his phone and then
dial his number. Immediately after the
number is dialed, turn on the sweep.
After a few seconds of sweeping the
line, the ringing sound will stop if a bug
is connected to the line.

Automobiles aren’t always safe

It is quite easy to bug an automo-
bile. There are plenty of places to hide
the bug, and the battery will supply
plenty of power to operate a bug that
will have a considerable range. The an-
tenna can be passed through a small
hole in the body. or in some instances
the auto radio antenna has been used.

The proper way to search for a bug
in an automobile requires two people—
one inside talking continuously to trig-
ger any voice-operated device and the
other outside making field strength
measurements.

TABLE 1
Frequencies commonly used
for bugging

60 - 88 megahertz
88 - 108 megahertz
108 - 110 megahertz
27 - 28.4 megahertz

TABLE 2
Manutfacturers of
Debugging Equipment

Sprague Electric Company, North
Adams, Mass—Modet 600

R. B. Clifton, 11500-Ww N.W. 7th
Ave., Miami, Fla.—Hound Dog
and Line Sweep

BUGGING TRANSMITTER, concealed In filp-
top clgarette pack, has a built-In antenna glving
it a range of up to two city biocks.

TIE-CLIP MICROPHONE feeds a minlature
recorder or Into a concealed transmiltter to send
signal to distant listener or recorder.

Countermeasures

Perhaps the biggest question is not
locating the bug, but taking the proper
action to restore security. The elec-
tronics technician has completed his job
when he has either located every bug in
an area, or assured himself that there
are none. If a bug is discovered, it is up
to the proper security authorities to de-
cide what action to take. One common
approach, once a bug is located, is to
leave it undisturbed, hoping to mislead
the eavesdropper with false informa-
tion. The technician should always
check with his client before taking any
action.

The names and addresses of manu-
facturers of debugging equipment are
given in Table 2, and further informa-
tion may be found in the following
books:

Security Electronics By J. E. Cun-
ningham, Howard W. Sams

Business Intelligence and Espionage
By Richard M. Greene. Dow-Jones Ir-
win. Inc. Homewood, Ill. R-E
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Join the high-paid electronics fechnicians
who got their start through NTS Home Training.

Your home can become your
own private classroom-workshop.
NTS sends you everything you
need to learn valuable technical
skills in electronics. You get easy-
to-grasp lessons, comprehensive
kit manuals, large fold-out charts,
and more. Plus the finest profes-
sional equipment available today.
It's all included in your tuition,
yours to keep.

Your equipment is sent to you
in kit form, matched to lesson ma-
terial. With the NTS Project Meth-
od, you start with simple projects,
then move from basics to more
complex concepts. You discover
how electronic principles work by
performing practical, fascinating
experiments. Learn at your own
pace.

You quickly become expert in
the actual equipment and meth-

ods you'll use on the job. And
soon you're ready to cash in on
the tremendous opportunities in
the expanding, exciting world of
electronics!

If your field is television, you
might decide to join a first-class
TV repair center. Or start a shop
of your own. Or specialize in in-
dustrial applications of television.
Once you master an area of elec-
tronics, the direction you take is
really up to you. And you'll be
able to use the test instruments
you built yourself!

It all begins at home, with NTS
Project Method Training. Find out
how fast and easy it is to learn
skills that pay off. Check card or
coupon today for your free full-
color NTS Catalog and complete
details. No obligation. No sales-
man will call.
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NTS COLOR AND B&W TV
SERVICING

Build the largest, most advanced
color TV made! Over-all solid-state
design, 315 sq. in. ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “Instant On,”
A.F.T., solid-state VHF tuner, and
much more! Also build and keep AM-
SW Radio, Solid-State Radio, FET
Volt-Ohmmeter, and Electronic Tube
Tester, Learn trouble-shooting, hi-fi,
stereo, multiplex systems, radio,
color and B&W TV servicing. |

—_—— |

—

Solid-state
B&W TV
74 sq. in.
picture
(cabinet
inctuded)

Learn sophisticated solid-state cir-
cuitry as you build this B&W TV re-
ceiver. Course covers the full range
of home entertainment electronics.



New solid-state
315 sq.in.color TV

NTS COMPUTER
ELECTRONICS

Build and operate the exclusive NTS
Compu-Trainer! Loaded with inte-
grated circuits, it teaches you the
how, what, and why of computers
faster, more thoroughly. You per-
form all wiring and patch-cording.
No short-cuts. No pre-wired circuit
boards. Also receive an FET Volt-
Ohmmeter and a 5" wide-band
Oscilloscope.

NTS ELECTRONIC
COMMUNICATIONS

Gain the prestige and earning power
of owning an FCC First Class Radio
Telephone License! Two exciting
courses in the fields of transmitting
and receiving. Experiment with an
amateur phone 6-meter VHF trans-
ceiver, NTS' exclusive 6-transistor
solid-state radio, and a fully transis-
torized volt-ohmmeter.

5-watt AM
transmitter/
receiver.

1

NTS AUTOMATION/
INDUSTRIAL
ELECTRONICS

Systems automation is the future of
industry — and you can play an im-
portant role! Enter the age of elec-
tronic controls by training on the
NTS Electro-Lab —a
complete workshop.
Also receive a 5" g
wide-band profes-
sionally rated Oscil-
loscope. Build five &
industrial controls to ™
regulate motor @ ¢§ !
speed, temperatures, ¢ ‘

pressure, liquid level | w ~
and much more. s 2

Eseea

3

5" Oscilloscope

CLASSROOM TRAINING

AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern Califomia.
NTS occupies a city block with over a
million dollars in facilities devoted ex-
clusively to technical training. Check box
in coupon.

APPROVED FOR VETERANS

Accredited Member: National Associa-
tion of Trade and Technical Schools:
National Home Study Council.

NTS Compu-Trainer

NATIONAL G SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
4000 S. Figueroa St., Los Angeles, CA 90037

r--------------

NTs Guipe
ELECTRONICS

' Pplease rush Free Color
Catalog and Sample
Lesson, plus infor-
mation on course

,-Tmm
checked below. No .
obligation. No sales-

» L
man will call. 98

National Technical Schools
4000 S. Figueroa St., Los Angeles, CA 90037
Master Course in Color TV Servicing
Color TV Servicing (For Advanced
Technicians)

Master Course in B&W TV & Radio
Servicing

Master Course in Electronic
Communications

Practical Radlo Servicing

FCC License Course

Master Course in Electronics

Technology

Automation & Industrial Electronics
Computer Electronics

Basic Electronics

Stereo, Hi-Fi & Sound Systems
High School at Home Dept. 206-012

00000 o 0 0 00

Name Age

Address

City State Zip

[ Check if interested in Veteran Training
under new G.1. bill.

) Check if interested ONLY in Classroom
Training at Los Angeles.
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Stop
Expensive

Tune-Ups!

With This Easy-to-Build,

Universal Auto Analyzer Kit

Almost Pays for
/tself the First
Time You Use It/
For ANY Car!

Step-by-Step
Assembly
Instructions —
Fun to Build!

Cut car costs—be your own “mechanic”
with our low-cost electronic troubleshooter
Check out electrical and ignition systems,
set idie speed and timing, test plugs and
points, more. Built-in tachometer, dwell
meter, ammeter, ohmmeter, voltmeter
leakage tester —read all tests on the big
7%"” meter. Solid-state circuitry, battery
powered for use anywhere. With illustrated
assembly instructions, operating manual,
48-page "“Tune-Up Guide! 4 "C" cells—
everything! 1000°s in use. At4 95
Radio Shack and Allied Radio

stores everywhere or postpaid

Over 1300 Stores Nationwide
.. See Your Phone Book

-~ (RADIOJSHACK)- . -
! AND

| ALLIED RADIO STORES RE-15

| N o ranov corporation Comeany

| 2725 W. 7th Street, Fort Worth, Texas 76107
Rush me Auto Analyzer(s) at 49.95 ea

with this ad

| postpaid plus applicabie sales taxes. Check or

|
|
|
|
|
|
|
|
enclosed. :
|
|
|
I
|
|
|

: money order for S

| Please PRINT Clearly

: Name Apt. #

| Street___ _ - = =

I | R I 1
i City. State ZipL 1| i
e e e e e —— s — — —— — —— — — — -

Circle 13 on reader service card

‘equipment

report

Ten-Tec RX-10

Communications Receiver

Circle 56 on reader service card

I'VE BEEN INTERESTED IN THE SYN-
chrodyne. homodyne and other types of
direct-conversion receivers for quite a
few years. So. when I saw ads on the
Ten-Tec model RX-10 communications
receiver, | knew this was one set that |
wanted to try. What's the appeal of this
receiver? To some, its low cost (around
$60.00), weight (about 2 pounds) and its
drain of only 35 mA from a 12-volt bat-
tery may be its major attractions. How-
ever. I was immediately intrigued be-
cause the RX-10 is advertised as using a
synchrodyne circuit.

When the receiver arrived, I

couldn’t wait to try it. It does not have
an audio power amplifier, its output is
designed for headphones with an im-
pedance greater than 1000 ohms. I knew
that I had lots of headsets around and
did not anticipate any problem. Well,
somewhere along the line, I'd given my
2000-ohm headsets to kids for use with
code oscillators and simple home-built
receivers etc. and the only phones I had
worked at voice-coil impedances. Local
radio parts stores did not have high-im-
pedance phones in stock or only had
high-quality types costing more than |
cared to spend.

Then, a mind-blocking near-panic
set in and for nearly a week I wondered
how I could test the RX-10. After my
ll-year-old son asked why I couldn’t
play it through his record player, the fog
cleared and my mind was literally
flooded with alternatives to the head-
phone dilemma. My solution was to use
a small audio output transformer to
match the receiver to 8-ohm phones.

The RX-10 tunes the 3.5-4.0,
7.0-7.3, 14.0-14.6 and 21.0-21.9-MHz
ham bands. I tied on a long-wire an-
tenna and fired ’er up. All I could hear
was high-speed code and radioteletype

(continued on page 84)
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You can now buy §quid crystal displays off the shelf as well as
get the chemicals and parts for them separately. These devices
have micropower supply requirements, extreme thinness, high
brightness, and a bunch of other advantages. Here's how they
work, what'’s ava.lable, how they stack up to led’s, what you can
do with them, and where to get materials for your own displays.
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by DON LANCASTER

A LIQUID CRYSTAL IS A CHEMICAL THAT FLOWS UIKE A LIQUID,
yet retains an orderly molecular structure within that
flow. Many chemicals behave this way over a limited
temperature range. Some of these also have unique
electrical or thermal properties that make them attractive
for a wide variety of electronic uses. For instance, cho-
lesteric liquid crystals have a very interesling property—
they change color wildly for a very small "emperature
change. These have been available for several years and
are used widely for thermal and heat studizs microwave
power field analysis, medical diagnosis, and even in
dime-store novelties.

A more recent development is the nematic liquid
crystal, whose properties were first descr bed exten-
sively by RCA engineers in 1968. Nematic <rystals are
clear, but whenever you apply an electric lield, they turn
milky or cloudy. Chemically, the process is called dyna-
mic scattering and the cloudiness or milkiness is
caused by the external field interacting wi:h the ordered
liquid structure.

An obvious use for something that turns whit
whenever you apply voltage is an electronic display. T
make things more interesting, liquid crystals are als
poor conductors, which means they draw practically n
current when they're in the milky state and zero curren
when clear. This makes liquid crystals particularly at
tractive for watches, clocks, miniature computers, an
pocket calculators. We can also use them as Nixie tub
replacements on electronic instruments, particularly o
battery-powered versions. Liquid crystals offer quite
bit as a possible route to flat-screen TV displays. Th
computer people are also interested, because certai
combinations of nematic and cholesteric liquid crystal
can also exhibit storage and memory, important teature
in a terminal or computer output display where the infor
mation need only be provided once by the computer in

stead of having to be refreshed 60 times a second as i

ordinary TV.
OPTEL MODEL 1003 liquid crystai displays are in photo abov_

Liquid crystal displays do not generate light. The
either reflect it or transmit it, depending on how you us



them. This means that there is no con-
trast problem with high ambient light
levels—the brighter the room lights, the
brighter the display. Normally the lig-
uid crystal material is only a mil or two
thick, making for an extremely thin dis-
play. It can be made into a display of
any size, and we could even imagine
room partitions or windows using liquid
crystals for controllable privacy or light
transmission. And, you can make liquid
crystals into any color display you
want—white for maximum contrast, red
to alert or warn, yellow or green for
easy reading, blue for attractive appear-
ance.

Right now, you can’t go out and
buy liquid crystal displays for 50¢ a di-
git, but the potential is certainly there.
Several manufacturers now offer com-
posite displays and individual digits.
These are still rather expensive in small
quantities, although their quantity
(1000-10,000) prices are competitive
with Nixie and Light Emitting Diode
(LED) displays, particularly if large di-
gits or alphanumerics are needed.

Materials

One of the first nematic materials
studied by RCA is an organic jaw-
breaker going by the name of Ani-
sylidene-Para-Aminophenylacetate. A
half-mil (0.0005-inch) thick layer of this

END SEAL
= {+ LIQUID CRYSTAL
ONE MIL THICK
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(a) TRANSMISSIVE DISPLAY

was placed between two pieces of con-
ductive, transparent glass and heated to
its nematic operating range of 83" to
100" C. When 60 volts was applied, (an
equivalent field strength of 120,000 volts
per inch), the test cell turned milky,
blocking transmitted light and reflecting
incident light. With no voltage applied,
the cell was clear. The best brightness of
this early display was around half that
of a good piece of wriling paper.
Things have improved consid-
erably since those early tests. Research
by such people as RCA., Kent State
University, Penn State University, Vari-
Light Corp., Optel, llixco, and Liquid
Crystal Industries has made a wide vari-
ety of room temperature operating lig-
uid crystals available. One of these is p-
Methoxy-Benzylidine, p-n-Butyl-Ani-
line 4-Methoxy, 4'n-Butyl-Benzylidene-
Aniline. While this isn't the sort of

(6) REFLECTIVE DISPLAY

chemical you'll be able to mix up in
your kitchen sink, the stuff is readily
available and ranges in price from $4
per gram in 5-gram lots to under $1 per
gram in kilogram lots. Depending on
the character size, a gram is enough for
a hundred or so characters or digits.
Thus the price per digit is around 4¢
each. Other nematics are similarly
priced, ranging up to $15 per gram in
small lots.

Fig. 1 shows four popular liquid
crystal configurations. In Fig. 1l-a, we
have a simple transmissive display. Here
the liquid crystal is sandwiched between
two layers of conductive glass or any
suitable transparent, rigid material with
a conductive path on its inside surfaces.
With a modern liquid crystal com-
pound, 12 to 15 volts is needed to block
light transmission through the display,
while 0 volts allows light to pass
through freely. Thus, this type of dis-
play is directly compatible with MOS or
COSMOS integrated circuits, but will
not give acceptable contrast when
driven with 5-volt TTL (at least not with
presently available materials). Fig. I-b
shows a reflective display, where the
back conductor becomes a reflector that
returns scattered light to the observer.
This is the most popular form, because
only external room lighting is needed to
view the display.

CROSSED
GLASS PLATE LIGHT POLARIZERS

FIG. 1-FOUR COMMON CRYSTAL dispiays,
showing transmissive and refiective effects.

FIG. 2—DECIMAL COUNTERS using liquid
crystal devices. 2-a, working with dc, uses a
singie IC; the ac version In Fig. 2-b has a ionger
display life but is more compiex.

+12V Oj—l
RCA
TABO4O
B DISPLAY
RCA
€D4033
o——=1{ COUNT COUNTER/
DECODER/DRIVER
O——1cLgaR CARRY ——= NEXT STAGE

1

(a)

DC MODE
DECIMAL COUNTING UNIT
USES SINGLE IC; CONSUMES
MICROWATTS OF SUPPLY POWER
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fc) NORMALLY CLOSED
BI-LEVEL

To improve the contrast and to get
by on lower operating voltages, we can
use other optical properties of liquid
crystals, as shown in the bi-level displays
of Figs. l-c and I-d. Some liquid crys-
tals have an optical property called
birefringence. If the birefringence is volt-
age-controllable, we can use it to selec-
tively rotate polarized light. In [-c we
have iwo light polarizers that are parallel
in orientation. With no voltage applied,
the liquid crystal does not significantly
affect the plane of polarization of the
light. The first polarizer polarizes the
light and the second one passes it freely.
This is called a normally open display.
When voltage is applied, the liquid crys-
tal rotates the plane of polarization 90°
and the second polarizer blocks the light
transmission. To get the normally closed
display of Fig. 1-d, we use crossed polari-
zers. Here, in the absence of a voltage,
the first polarizer polarizes the light, the
liquid crystal does nothing to it, and the
second one blocks the transmission. Fan-
cier forms of bilevel displays can be used
in the reflective mode and some can even
produce selectable colors.

Some problems

Liquid crystals still have some
probiems and disadvantages. The cell
holding the liquid must be dimen-
sionally stable, clear, and a conductor,
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at least on its inner surfaces. There is
presently no ultra-low-cost material that
fits these standards, and you have to go
to a fairly fancy coated glass to meet the
requirements. One widely used glass is
the Nesatron N-2 manufactured by
Pittsburgh Plate Glass Industries. The
process puts a metallic oxide on the
glass surface and does it at low tem-
peratures, preventing any stress or an-
nealling effects from hurting the flatness
of the glass. Coated glass of this type
runs around $14 per square foot, drop-
ping to $10 per square foot in quantity.
This is seven to ten cents a square inch,
so it turns out that the glass you look
through costs twice as much as the lig-
uid crystal material itself. The Vari-
Light people offer a 2 x 2%-inch piece
of electrically conductive glass with a
busbar edge for $1.50 each in single
quantities. This should be enough for
either one transmissive four-digit dis-
play or two reflecting ones.

The liquid crystals are sensitive to
impurities, so reliable displays must be
hermetically sealed. Bubbles must ob-
viously be avoided—they will degrade
the display appearance. Capillary and
edge effects present a problem with any
thin liquid film. Obviously the display
must not leak. Small impurities can al-
ter the dynamic scattering drastically,
and mechanical stress on the conductive

source if long lifetimes are needed. Fig.
2a shows how we might build a decimal
counting unit by connecting a MOS
decimal counter-decoder to a 7-seg-
ment liquid crystal display. Note that
we only need two parts for the complete
count-decode-display operation. We
can run this on ten microwatts at a 1 Hz
counting rate for the counter, and
around 20 microwatts or so for the dis-
play on the average.

The trick is to run the IC’s on dc,
yet convince the display it is running on
ac, without going to any fancy Triac
drivers or anything like that. To get
long life ac operation, we use the circuit
of Fig. 2-b. Here seven EXCLUSIVE OR
gates are added between the counter
and the display, which is driven off a
60-Hz square wave. The exclusive OR
gate turns the square wave upside down
(inverts it) whenever you want to light a
segment, and simply passes it on
whenever you want the segment off. An
off segment sees the same signal on both
ends and doesn’t light. An on segment
sees 15 volts across it all the time, alter-
nating polarity 120 times a second. Thus
we get ac display operation with dc on
the integrated circuits at reasonable cost
and complexity.

Liquid crystal displays are some-
what slow. Normally they turn on in 10
milliseconds or so and off in 100 to 200

REFLECTION FROM A MIRRORED SURFACE Is minimized with nematic liquid crystals. Future appll-
cations may Include an automatic dimming rear-view car mirror.

@
. *‘“‘:

CONTROLLING THE TRANSMISSION OF OBJECTS opposite a vigwing surface using nematic liquid
crystals, makes display overiays, optical shunters and automatic dimming windows possible.

glass faces can aiter the optical bire-
fringence propertics dramatically.

If you apply a dc voltage contin-
uously to a liquid crystal, it loses con-
trast after a 2000 to 10,000-hour oper-
ating lifetime. To get around this, the
displays should be run from an ac

milliseconds. While we can speed them
up a bit with *“quenching” techniques,
they are inherently slow devices.
They’re great for people, but cannot
generally be used in such high-speed
applications as electronic shutters, film
annotation, and anywhere else a fast

turnoff is needed. They can be used at
television vertical rates, and TV displays
using liquid crystals have been demon-
strated. Considerable effort will be
needed before a flat screen liquid crys-
tal TV or computer display becomes a
commercial reality.

A final problem with liquid crystals
is that LC displays do not multiplex
very well. Multiplexing is a trick you
use to share one decoder-driver with
many digits, thus holding down system
costs and the number of inter-
connections. For instance an eight-digit
display done normally would take 57
connections and eight decoder-drivers.
If we multiplex, we get by with one
decoder-driver, one eight-point scanner,
and 15 connections, assuming you're us-
ing 7-bar displays. To multiplex, you
run each digit at eight times normal
brightness for one-cighth of the time,
and switch them fast enough that the
human eye can’t follow. The eye sees a
continuously lit display of normal
brightness. The breakeven point on
multiplexing is four digits; the more dJi-
gits, the more you gain.

Neon tamps, Nixie tubes and light
emitting diodes multiplex very well
since they can be overdriven for short
times, and more important, since they
are inherently diodes that block current
in the reverse direction or below a
threshold vatue. Liquid crystals cannot
reflect more light than they receive, and
they do not have a well defined off-on
threshold. Thus, at the very least, series
diodes are needed for each segment of
each digit 1o prevent sneak paths and
ghost images. Good multiplexing tech-
niques wiil eventually develop, but right
now liquid crystals are not overly attrac-
tive for multiplex use.

Liquid crystals versus LED’s

The tight emitting diode, or LED, 1s
rapidly becoming the dominant type of
readout used today, replacing the now
obsolete Nixie type with its high voltage
requirements. LED's combine a long life,
very attractive appearance, TTL 5=volt
compatibility with a wide availability,
and, recently, low cost. How do they
stack up against liquid crystais?

The obvious answer 1s that both
LEDs and liquid crystals have unigue
advantages and they can zach serve an
important segment of the display mar-
ket. Where you want to produce light,
you must go the LED route. For good
multiplexing, high-speed operation,
complex alphanumerics, und custom ar-
rays, LED’s are the way to go. They also
have very much of a head start in the
marketplace and right now are more at-
tractive than the liquid crystal displays
in appearance.

On the other hand. it always takes
more power to produce light than to
guide it, and liquid crystal technology is
inherently simpler than semiconductor

FEBRUARY 1972 ® RADIO-ELECTRONICS 35



EIGHT DIGIT liquid-crystal dispiay (larger pho-
tograph) forms the readout of a new pocket size
electronic calculator made by Ragen. The cal-
culator will retall for about $100.

technology. So for lots of digits, low
power, low cost, the liquid crystals are
very much the better choice. We could
envision eventually some gel form of
liquid crystal that is silk-screened onto
displays by the mile at a cost of pennies
per digit. Important first applications of
liquid crystals will be in pocket calcu-
lators and electronic clocks, particularly
miniature, battery-powered ones. Lig-
uid crystals generally interface with
high density MOS integrated circuits
without needing any high current driver
stages. [t doesn’t take too much imagi-
nation to see a pocket add-subtract-
multiply-divide-store calculator thats
nothing but a keyboard, a single LsI
chip and a display combined with a bat-
tery. You end up with a device that’s far
less complex and far simpler to manu-
facture than a $2.50 AM transistor ra-
dio.

What’s available now?

Table I lists the manufacturers of
liquid crystal displays. Commercially
avdilable units are offered by RCA, OP-
TEL, and ILIXCO.

RCA initially offers six units. Two
are single-numeral 0.75-inch high ver-
sions that plug into a PC connector. The
TAB032 is a transmissive style while the
TAB034 is reflective. Total display
power is 35 microwatts at a supply volt-
age of 12 to 15 volts. The operating tem-
perature range is 5° to 55° Centigrade.
(22° C is “room” temperature). In-
troductory single quantity price is $25,
dropping to prices competitive with LED
displays in quantity. Since, as we'll see
below, the ILIXCO prices in single
quantities run $8 per digit, we can ex-
pect these introductory prices to drop to

TABLE |
LIQUID CRYSTAL DISPLAYS
OFF-THE-SHELF SUPPLIERS
ILIXCO
Box 184
Kent, Ohio, 44240

OPTEL CORPORATION
Box 2215
Princeton, N.J., 08540

RCA SOLID STATE
Central and Terminal Avenues

Clark, New Jersey, 07066

TABLE Il

MATERIALS FOR BUILD-YOUR-
OWN LIQUID CRYSTAL DISPLAYS

CHEMICALS
Liquid Crystal Industries
460 Brown Avenue
Turtle Creek, Penna., 15145

Vari-Light Corporation
9770 Conklin Road
Cincinatti, Ohio, 45242

CONDUCTIVE GLASS
P.P.G. Industries
New Products Development
One Gateway Center
Pittsburgh, Penna., 15222

Vari-Light Corporation
9770 Conklin Road
Cincinatti, Ohio, 45242

POLARIZERS, OPTICS, MISC.
Edmund Scientific Corp
101 East Glouchester Pike
Barrington, New Jersey, 08007

reasonable levels very shortly, perhaps
by the time this is in print.

The other four RCA units are four-
digit ones, two with decimal points for
instrument use and two with colons in
the middle for clock use. One of each
type is reflective and one is trans-
missive. This is their TA8040-43 series.
These are initially offered at $75 each,
dropping in quantity to competitive
prices with LEDs. The characters are 0.6-
inch high and the unit plugs into a con-
ventional PC socket. Total power for
four digits is around a milliwatt with all
segments energized on 15 volts.

OPTEL has two units, a three-digit
1003 and a 3'4-digit model 1053. The
1003 comes with decimal points, while
the 1053 has a colon and is intended for
clock use. The characters are 0.450
inches high and the power dissipation is
40 microwatts per segment at 20 volts.
The operating temperature range is 0 to
50° C. and, as with the others, prices are
competitive with LED devices in quan-
tity.

ILIXCO presently offers the lowest
prices and widest variety in stock dis-
plays. They have ten displays available,
ranging from 3% digits to 8 digits and in
both 0.4-inch and 0.8-inch sizes. The
3%-digit versions are offered for clocks,
while the intermediate sizes are suitable
for digital instruments, and the 8-digit
version is intended for pocket calculator
use. The prices range from $8 per digit
in single quantity down to $5 per digit
in 50 fots. The ILIXCO units are bilevel
and operate clear down to 5 volts, al-
though operation is best between 7 and
15 volts. Their display appears as a dark
blue character on a clear background.

Other stock liquid crystal displays
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should soon be available from a wide
range of manufacturers and it is reason-
able to expect the per-digit prices to
drop dramatically once serious com-
petition and production economies set
in.

Building your own

With commercial units still some-
what expensive for an experimenter’s
budget, you might like to try building
your own liquid crystal display. Sources
of materials are listed in Table II. This
should be a hot science fair, school, or
university project as it is a rather exotic
technology that you can still work with
yourself on a lab bench or a kitchen
table and still come up with a working
device.

Probably for openers, 5 grams of
Vari-Light VL462N at $12.80 and a
CG-75 gold coated glass at $1.50 might
be a good starting point. You can use
one or two mil drafting Mylar (25¢ a
sheet at any drafting or photocopy
store) for spacing, and might try first
building up a simple transmissive sys-
tem that turns cloudy whenever you ap-
ply 15 or 20 volts. You could then try
printing an invisible message on the
glass with PC photoresist and turning
the message on and off with the control
voltage. From that point on you should
be able to work up your own 7-segment
readout, eventually ending up with a
leakproof, bubble-free version you can
stand on end. There are all sorts of pos-
sibilities.

Liquid crystals aren’t particularly
toxic, but their long-term effects aren’t
really known and some of them do pen-
etrate the human skin very easily. SO,—

(continued on page 90)
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TRANSISTOR TESTING is a cinch

Here is a simple method for checking those unknown transistors

with a minimum of test equipment and a maximum {
of good old ordinary common sense

by ARTHUR CUNNINGHAM

There has been a lot of guff written about
transistors. However, what the working tech-
nician and experimenter needs is a simple,
practical test method, requiring a minimum of
equipment. This must help him to find the type,
polarity and quality of any unknown transistor.

Quite frankly, when | started | didn’t think
there was a way to do this. After a few days of
experimenting and a great deal of confusion,
some light began to dawn. (Some of the con-
fusion was caused by getting hold of a coup.
of brand-new bad transistors!) ﬁ

After this little imbroglio was discQve
and remedied, things looked better. b "'f.
began to repeat itself reliably. A g *"?'
tests were made, using all kinds of tré
and the pattern started to ;?E‘
showed characteristic reading $
same for each type of transistord 18 "
in absolute values or readings, b :
tio. r..
My initial tests were made ' i
transistors by a variety of mant
this | tested a large number o g“‘ ran-
sistors, as well as known transtto
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ately left anonymous until tests were
finished. In all cases, the method
worked. The checks showed the transis-
tors to be the type we knew they were.

Test equipment needed

You will need a minimum of one
piece of test equipment—a good ohm-
meter! Any good in-circuit/out-of-cir-
cuit transistor tester makes it easier and
a signal generator/scope enables quick
checks to get into the area of the trouble
as fast as possible. (There is, of course,
only one infallible test for any transis-
tor; Does it work? If you find the right
signal in and the right signal out, forget
it; this one is working).

Our biggest problem is identifying
unknown transistors. We need to know
five things about a transistor: npn? pnp?
germanium? silicon? base connections?

With the tests described in this ar-
ticle you can get this information. Of
course, it does help to know if the tran-
sistor is good or bad, but this is simple.
You'll find unmistakable reactions dur-
ing the tests that will tell you.

Three diodes

The basic test used here is the fa-
miliar three-diode method (see Fig. 1).
Checking between each pair of leads of
a transistor with an ohmmeter, you
should get a high reading one way, then
a much lower reading by reversing the
ohmmeter prods; just as if you were
checking a diode. This is very obvious,
out-of-circuit, and shows up fairly well
incircuit, unless there is a very low re-
sistance shunted across the transistor.
Even then, you’ll usually see enough to
help. If you are left in doubt, take the
transistor out for a definite out-of-cir-
cuit check.

The indicated resistance depends
on several things; the material of the
junction; the voltage applied by the
ohmmeter battery, plus the polarity of
the voltage applied! (By the way, des-
pite the many warnings, / have never
yet damaged a transistor with an ohm-
meter. There is apparently enough
series resistance in the circuit to hold
the current to safe values.)

The “Necessities”

The first step is to determine the
polarity of the voltage at your ohm-
meter prods. This is the one key point
we use in all of the tests to come. We'll
mention polarity, and you’ll see polarity
markings in the diagrams. This means
the polarity of the voltage applied by
your ohmmeter. Remember that! You
can get this by checking the schematic;,
faster still, just sit the thing on OHMS
and read the dc voltage with another
meter.

In all the transistorized meters I've
seen (TVM and FETVM), the red prod is
POSITIVE. In the VIVM’s, it seems to
be NEGATIVE. In a lot of VOM’s, it will

also be negative. (Incidentally, since
electronics men are trained to think Red
= Positive, if your ohmmeter has a “red
negative”, just reverse the ohmmeter
prods in the jacks, so that red is positive.
Believe me, it’ll be easier that way, and
I won’t tell you how I found out.)

Two sets of test leads make it much
easier; a set of needle-point prods for
in-circuit tests, and another with clips
for out-of-circuit test. Use the small
clips, with a tight grip; those teeny leads
are hard to get a gnp on!

Verification

Because of the normal wide vari-
ation in transistors, junctions, ohm-
meters, and so on, you will not get ex-
actly the same readings I did. So, do
this: make the same tests yourself, using
your own test equipment. Get four new
transistors out of stock. One each pnp
and npn germanium, and the same in
silicon. Now, verify my results! Repeat
the tests until you are familiar with the
readings for each type, and the con-
nections.

| used three ohmmeters for my
tests: a tvim, a vtvm and a vom. Most of
the time, I used the R x 100 range. Un-

less otherwise specified, this is the range
I mean. For most checks, use a range
that will give you a “low” reading
somewhere between center scale and
the low part (zero).

The actual reading in ohms is not
too important. What is important is the
ratio between the two, one high and the
other low. We'll use the actual (in-
dicated) reading in one test, but once

FIG. 1—HIGH-LOW READINGS between each
pair of leads, by reversing the prods. This is the
“diode-effect”.

SHORT BASE TO:
E — R GOES UP
C — R GOES DOWN

SHORT BASE TO:
E — R GOES DOWN
§ — R GOES UP SLIGHTLY

NPN NPN TRANSISTOR
GERMANIUM GERMANIUM RCA SK-3010
— +
+ —
RESISTANCE: HIGH RESISTANCE: LOW
SHORT BASE TO: SHORT BASE TO:
E — R GOES DOWN E — R GOES UP
C — RINCREASES SLIGHTLY C — R GOES DOWN
PNP PNP TRANSISTOR:
GERMANIUM GERMANIUM RCA SK-3003
— +
+ - VTVM:
HICKOK 209
RESISTANCE: LOW RESISTANCE: HIGH TVM:

SENCORE FE-14
VOM:
TRIPLETT 625NA

SHORT BASE TO:
E — NO CHANGE
C — R GOES DOWN

SHORT BASE TO:
E — R GOES DOWN
C — NO CHANGE

NPN; NPN TRANSISTOR:

SILICON SILICON RCA SK-3024
+ -

RESISTANCE: INFINITY RESISTANCE: INFINITY

SHORT BASE TO: SHORT BASE TO:

E — R GOES DOWN E — NO CHANGE

C — NO CHANGE C — R GOES DOWN

PNP: PNP: TRANSISTOR:

SILICON SILICON RCA SK-3025
+ -

RESISTANCE: INFINITY RESISTANCE: INFINITY METERS:

SAME AS BEFORE

FIG. 2—OHMMETER TESTS for identitying transistors, out of circuit. Exact resistance readings will

vary, but ratios won't. Note effects of shorting base lead to other two, in ditferent types.
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more the ratio and not the actual value
will be the key clue.

The “High-Low” test method

Start with the clip-leads in the
ohmmeter, since it will be easier to be-
gin with the out-of-circuit tests. Pick out
any one of your test transistors. Get a
piece of scratch paper and make a
rough sketch of the basing, showing
only the three leads. It may help you
keep straightened out (it does for me)!

1. Check for the diode-effect, on all
three leads, reversing the prods to make
two measurements on each pair. Never
mind which leads; this, and the basing,
is one of the things we want to find out.
If you see the diode-effect, high resist-
ance one way, low with prods reversed,
ok. This indicates a good transistor.

2. By trial and error find out which
lead has about the same resistance, to
the other two. This resistance may not
be exactly the same, but it will be the
closest match. Now you've got some-
thing. The lead that shows the same low
resistance to the other two is the base.
Mark it. (That’s one!)

3. Now we know the polarity of this
transistor. If the negative ohmmeter
lead is on the base, it’s a pnp. If the
positive lead is on the base, npn. (That’s
two!)

4. Move the clips to the other two
leads. Find out which way they show
the low resistance. The positive lead will
be on the emitter of a pnp; on the col-
lector of an npn. (That’s three and four,
and we've identified all leads, and the

3.3K
C
B
E
22092
a b -

B—-C=33K B—-C=0Q2
REVERSE = 3.3K REVERSE =02
BASE-COLLECTOR COLLECTOR-EMITTER
JUNCTION OPEN SHORTED

FIG. 3—POSSIBLE IN-CIRCUIT ohmmeter reac-
tions, to ditferent faults.

FIG. 4—FINDING THE BASING, type and loca-
tion of transistor, In unknown set. One step at a
time. Sketch helps.

basing')

(Up to this point, we haven’t had to
check the actual value of the indicated
resistance. All we’ve needed is high or
low. Having determined the polarity
and basing of this transistor, we want to
know whether it’s germanium or sili-
con.)

5. Check the reading in the low di-
rection, from collector to emitter. If this
is down to a few hundred ohms (200 to
600 ohms was about where they ran for
me, on the R x 100 range), and re-
versing the prods shows about 8 times
that, but still a readable deflection, you
have a germanium transistor.

If the low resistance is much
greater, say around 3000 to 4000 ohms,
and the high reading is infinity (no
reading at all) the unit under test is a
silicon transistor. (Remember to check
this with your own ohmmeter!) In small
silicon transistors, you will probably get
a reading between collector and emitter.
In the high-voltage silicon power tran-
sistors, you may get infinity in both di-
rections! In some of these, turning up to
the R x |I-megohm range may show a
“low” reading. This tells you that the
collector-emitter junction is not open.
Some of the high-voltage silicons, such
as HEP-740 (700 volts BV¢eo) will not
show a reading even on the R x I-
megohm range. (Another test for this
coming up')

Fig. 2 is a chart of the test readings
I got on my sample transistors. These
tests repeated on quite a few different
transistors of all sizes, ratings and
makes. So I believe they will be helpful.
You might cut this out and paste it on
the wall! Polarities shown, I repeat, are
those of the ohmmeter! Note the differ-
ences between germanium and silicon
transistors.

Here is the test I mentioned, for the
collector-emitter junction. With the
ohmmeter hooked up as shown, note
the reaction when you short the base to
the other two leads. For example, with
the npn and a negative collector, short-
ing the base to the emitter makes the in-
dicated resistance drop way down. Re-
versing the polarity of the ohmmeter,
and shorting the base to the collector,
the resistance drops. I believe that this
can be used as an indication of a good
collector-emitter junction.

The hard part

Now we come to the hard part.
Identifying unknown transistors in-cir-
cuit. Outside of actual performance, in-
circuit testing of transistors is always an
“iffy” thing. (In other words, “If it
works, it’s good!”’) So far, my ex-
perience has been that if an in-circuit
transistor tester says that it’s good, it is.
If it says it’s bad, it may or may not be.
In any case, if you get a bad reading in-
circuit, you're going to have to take it
out anyway. Repeat the tests; out-of-cir-

cuit tests are accurate.

There is one thing which can never
be checked in-circuit; leakage. There
are always so many shunt paths around
a transistor circuit that this test is mean-
ingless. Out-of-circuit tests will show
you whether it has leakage or not. One
good clue to leakage problems is the
“Things are almost all right but it
doesn’t work too well!” symptom. This
is where the transistor-tester comes in. It
will show you the actual leakage. (In-
cidentally, all germanium transistors
have some leakage. Power types can
have up to 200 to 300 p:A and still work.
Silicons, on the other hand, should nor-
mally show zero leakage! even 10 to 20
pA is too much, in power types') The
ohmmeter will not read transistor leak-
age! Don’t bother.

However, the ohmmeter does a
good job of finding common faults, in-
circuit. Shorted transistors will give you
the same reading both ways across a
junction, usually zero ohms. An open
junction will show up by giving you the
same reading both ways, usually that of
the shunt resistance. Fig. 3 shows a
couple of examples. If you read 3300
ohms both ways across the base-collec-
tor junction in 3-a, it is probably open.
In 3-b, if you read a dead short across
the collector-emitter junction, both
ways, it's probably shorted. For a defi-
nite check, pull the transistor and re-
peat.

The worst case tests

This test if often used by engineers.
In our business, the worst possible case
would be one of those sets with nothing
but a batch of solder-blobs. No identi-
fication, no lettering, no nothing,

Locate the transistor on the parts-
side of the board. Shine a light through
the board, and locate the transistor ter-
minals, as in Fig. 4-a. This can be
sketched as shown; helps to remember!
At first, all we know is that there are
three blobs. Number them. Now, put
the needle-point prods in the ohm-
meter, and away we go.

First checks show a low reading of
about the same value between 2 and 1,
also 2 and 3. So, we say that 2 is the
base (Fig. 4-b). The positive prod is on
2. So, this is an npn. Moving the prods
to 1 and 3, we find the low-reading di-
rection. The positive prod is on 3, so this
is the collector. By a process of elimi-
nation simple enough even for me, 1 is
the emitter.

Using the in-circuit transistor tester
confirms this. In the LEAKAGE position,
we see a full-scale reading set to pnp,
and a much lower reading on npn. (We
are not using the leakage tester as such;
just for a double check on the polarity
of the transistor.) However, the tester
will not show a beta reading. So pull the
transistor, repeat the test, and the tran-

(continued on page 90)
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BINARY COUNTER

g et o' o?
LR SR

Experiment with a
Binary Gounting Demonstrator

It's easy to understand counting to the base two when you have a visual aid
like this demonstrator to show you what’s going on.

by FRANK GROSS

This binary counter demonstrator
counts by two’s instead of tens, showing
the base two arithmetic and counting
used by most computers. It counts up to
sixteen and can be reset to zero at any
time. You use it as a study or teaching
aide, or as a science-fair or computer-
technology entry, or for a school lab
project. It uses three TTL integrated cir-
cuits and four transistors and may be
built in an evening or two.

Why binary?

People are used to counting by
tens, and before “modern math” came
along, non-computer people gave very
little thought to counting in any number FIG. 1-BASIC LOGIC
base but ten. The problem with decimal DIAGRAM of binary
or base ten counting is that you need ten ripple counter
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PARTS LIST

C1—47 uF, 15 volts, electrolytic

C2-0.1 uF, 10 volits, disc ceramic

*C3—0.05 uF, mylar or disc ceramic

*C4—2500 uF, 10 volts, electrolytic

*D1, D2—1 amp, 50 PIV silicon power diode,
IN4001 or equal

IC1—=MC7400P

IC2, IC3—MC7473P

LM1 thru LM4—=5-volt 50-mA panel lamp as-

sembly

*S1—spst slide switch

S2—spst normally open pushbutton

S$3—spdt pushbutton

Q1 thru Q4—2N5139 transistor (National)

R1 thru R7—1000 ohms, Y-watt carbon

*T1-—8 Vct, 0.5-A transformer

MISC—2%" x 2%’ PC board; PC Board stand-
offs and hardware (4); case; Bottom feet
(4); C4 mounting clip*; line cord and strain
relief*; 4 lug terminal strip®, wirenut®;
power supply hardware®; case hardware;
wire; solder; etc

*Parts tor power supply

NOTE: The following items are available from
Southwest Technical Products, Box 16297, San
Antonlo, Texas, 78216:

Etched and drilled PC board No. 183, $1.80
Complete kit of all parts, including prepunched
and prefinished case but less power supply,
No. 183-K, $8.90

FIG. 2—COMPLETE WORKS of the binary counter.

dicated by the notch In one end.

Note that the correct position of the IC’s is in-

g
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different symbols (0,1,2,3,4.5,6.7,8, and
9) to represent any number. To do this
electronically in the decimal system,
we’d have to recognize either ten differ-
ent voltage levels, or, to get by with
loose-tolerance circuits, a signal on one
of ten different lines.

In the binary or base iwo system, we
only need remember two states *1™ and
“0”, or simply “yes™ and “no”. Just as
we move over one decimal point when
we get o ten, we move over one binary
point when we get to two, with the
“heavier” numbers always tacked on
the left. The binary equivalents for the
first sixteen numbers (0-15) are:

DECIMAL BINARY

tens units 8 4 2 1
0 0 0 0 0 0
0 1 0 0 0 1
0 2 0 0 1 0
0 3 0 0 1 1
0 4 0 1 0 0
0 5 0 1 0 1
0 6 0 1 1 0
0 7 0 1 1 1
0 8 1 0 0 0
0 9 1 0 0 1
1 0 1 0 1 0
1 1 1 0 1 1
1 2 1 1 0 0
1 3 1 1 0 1
1 4 1 1 1 0
1 5 1 1 1 1

While binary numbers may appear
longer than decimal ones, the looks are
deceiving, because ten different states
go into a decimal number, while only
two are used in binary. To represent a
“15” in true decimal form, at least
eleven leads would be needed. In bi-
nary, it takes only four.

It turns out that binary is the most
efficient possible way of storing infor-
mation and performing arithmetic. It
uses the simplest possible storage de-
vices and requires the fewest inter-
connections. Practically all computers
internally deal with binary and then
make a binary to decimal conversion
only when they interface with people.
When computers (particularly small
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FIG. 3—FULL SIZE diagram of the printed-cir-
cult board as seen from the foil side.

FIG. 4—DRILL AND JUMPER guide for the bi-
nary counter circuit board.

FIG. 5—OVERLAY DIAGRAM shows parts
mounting positions on the circuit board.

ones) musi deal with decimal, they
re-encode it into a near-binary form,
called Binary Coded Decimal. (BCD)
Even in this form, the numbers can only
be handled in 16/10 the space that
would be needed for binary, a storage
penalty of 60% in the size of a machine.
Arithmetic operations in BCD are also
proportionately more complex than in
straight binary.

How it works

The logic diagram of the demon-
strator is shown in Fig. 1. The circuit con-
sists of a four-stage binary ripple counter
formed by cascading two dual Jk flip-flop
TTL integrated circuits. The input COUNT
commands from a pushbutton are made
noiseless and bounceless by a set-reset
contact conditioning flip-flop made of
half of a quad two-input gate TTL in-
tegrated circuit. Contact conditioning on
the CLEAR line is not needed, for resetting
a counter to 0000 a dozen times has the
same effect as only doing it once. The
states of the counters are indicated by
connecting the Q terminal on each flip-
flop to a lamp through an inverting pnp
driver transistor.

Construction hints
The schematic is in Fig. 2. A
printed circuit board is recommended

JUMPERS MADE FROM
RESISTOR LEAD (3)
COMPONENT SIDE

#67 DRILL (ALL OTHERS)\
2-5/8"
PRETIN TERMINAL
PADS
#30 DRILL
2)
2-1/2"
ONE REQ'D 1/16" G-10 PC MAT' L
g8l e “1" LAMP M1
JUMPERS (3) 2 LAMP LM2
“4" LAMP LM3
- “8" LAMP LM4
GROUND
+5v
e | nC
| N,
L1 EVIN

for component mounting. Figs. 3 and 4
show how the board is set up. Three
jumpers are needed. These may be
made out of cutoff resistor leads and are
positioned as shown.

Component locations are shown in
Fig. 5. Note the polarity on Cl and the
three IC’s. The code notch and dot is
between pins | and 14.

The photos show the internal as-
sembly details. The circuit board is

N.O. “CLEAR" §2
N.C. “COUNT" 83

TN-IT‘—- N.O. “COUNT” 4

&R7

i
|
&
“'l"

@ |

mounted on four standoffs along one
end of the case, and leads are soldered
directly to their respective pretinned
terminal pads. The pilot lamps snap
into place. Switch SI is mounted with
suitable hardware.

The binary counter may be pow-
ered by a high-quality 5-volt 250-mA
lab bench supply, or the power supply
shown in Fig. 2 may be built into the
bottom of the case.

ROLLING PICTURE IN RCA KCS132A

The picture would roll constantly
and would not lock-in vertically. When
the vertical hold control was rotated the
picture would roll up but never down-
ward. The picture would roll slowly up-
ward with the vertical hold control at
top end of rotation. Undoubtedly, poor
vertical sync. The vertical oscillator tube
was changed. All voltages were quite

close to what they were supposed 1o be,
yet the picture continued to roll.

A check showed the feedback
.0068-uF capacitor at the grid (pin 4) of
the 6EM7 was leaky. A replacement re-
stored normal performance. After a few
years this capacitor becomes leaky and
the picture has a tendency to roll.
Homer Davidson
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Vertical dynamic convergence

SCREEN SYMPTOMS AS GUIDES WHERE TO CHECK FIRST
SYMPTOM PIC DESCRIPTION VOLTAGE WAVEFORM

Normal dots
in
bottom midarea

Yellow dots no help P/S2 open
won’'t converge

with blue at top

and bottom

Q

Red dots high no help P/S4 open
at top: R14 P/S5 open
no effect R14 open
Convergence ro help L9 open
peor: R10 open
red dots

won't move

P/S = Plug/socket terminal an Easy-Read™ feature by FOREST H. BELT & Assoclates © 1971




NOTES:

Use this Guide to help you find which key voltage or waveform
to check first, or 1o guide you to the causes of symptoms that
don’t have voltage or waveform clues.

Study the screen with a dot pattern injected to the set. Try each
vertical dvnamic convergence control. You'll find the most
helpful trouble clues at the key test point indicated opposite
whatever symptom vou observe.

The Stages

This vertical dynamic convergence section is typical of
those found in most American and Japanese color television
receivers. Variant versions among brands generally differ only
in rearrangement of controls or occasionally in the way input
waveforms are derived.

Dividing the vertical dynamic convergence section into
“stages” is difficult. A multiplicity of inputs all combine to
form the waveshape applied to cach vertical convergence coil.
This results in considerable interaction, as you’ll discover
when you try adjusting the controls. The section gets only ver-
tical sweep signals. Because of the low frequency (60 Hz). no
adjustable inductances are used—only resistors or poten-
tiometers.

Each vertical convergence coil is wound on the same core
as its counterpart in the horizontal dynamic convergence sec-
tion. Ignore whatever effect this has on operation of the verti-
cal convergence section.

Signal Behavior

Three input signals from the vertical output section of
the color receiver drive the vertical dynamic convergence cir-
cuil. Two of them come from windings on the vertical output
transformer. The other is shaped a bit differently and comes

CONVERGENCE
PLUG/SOCKET

VERT OUT |

TRANS WFI

Make voltage or waveform checks whenever indicated for spe-
cific screen symptoms.

Use the Voliage Guide or Waveform Guide to analyze the re-
sults of your tests.

For a quick check, substitute or test the parts listed as the most
likely causes of the symptoms you observe.

from the cathode circuit of the vertical output tube.

The first input waveform, WF1, comes from a center-
tapped winding on the vertical output transformer, with the
center tap grounded. (Some sets omit the center-tap on this
transformer winding and use a phantom ground through two
equal-value resistors.) The signal feeds across a pair of poten-
tiometers. The slider of potentiometer R9 carries the signal to
one end of blue vertical convergence coil L8; the slider setting
determines what phase of signal reaches that end of the coil.
The other potentiometer, R10, feeds the signal to one end of
the red vertical dynamic convergence coil; the pot sets the
phase.

Another vertical-sweep input waveform comes from a dif-
ferent center-tapped winding on the vertical output trans-
former. The tap of this winding is not grounded. Potentiometer
R14 bridges the whole winding. Its slider selects whichever
phase isappropriate for the particular color-GRT gun structure.
The slider of R14 carries the selected polarity of waveform to a
slider on potentiometer R13, which bridges the red and green
vertical coils—not in parallel, but as if the coils were in series.
Adjusting R13 applies the signal from R 14 more to one coil or
the other. The center tap of this same winding is the common
return for both red and green vertical coils.

(copy continues on page 50)
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DC VOLTAGES AS GUIDES

%

Voltage change to zero very low low slightly low slightly high high
Test point A D4 open
Normal —0.1 V D4 shorted
R15 open
NOTES: Notice which part is listed as possibly causing any change you

Use this guide to help you pinpoint the faulty part.

Measure the one key voltage with a vivm or fetvom.

find.

Waveforms Guide.

For more help to further narrow down the faulty part, see the

WAVEFORMS AS GUIDES

V p-p low

V p-p zero Changed Shapes

WF1 Normal 15 V p-p

Taken conveniently at the convergence plug/socket, this waveform comes from a winding of the ver-
tical output transformer. The winding is center-grounded. Amplitude may vary with settings of VERTI

CAL LINEARITY and HEIGHT in the receiver, but only slightly.

10V p-p
P/S1 open

WF2 Normal 10 V p-p

Comes from tapped (but not grounded) winding of vertical output transformer. Has trapezoidal
shape, but with some parabolic signal. Some WF3 mixes in at certain settings of R14,

Any of these controls can alter the shape of this waveform, but shape shown is for
vergence settings for average picture-tube gun structure.

R13.and R11.
“*normal’’ con-

P/S2 open
P/S3 open
R14 open

6V pp
P/S1 open

WF3 Normal 7 V p-p

Comes from vertical output cathode, through large-value capacitive divider that imparts integrated
parabolic shape. Best place to scope is at convergence plug/socket terminal. Amplitude may depend

on settings of Vertical Linearity in receiver, but shape doesn't alter much.

WF4 Normal 4.5V p-p

Taken at "*high" end of blue vertical convergence coil. Consists mostly of trapezoid from vertical out-
put transformer, with phase selected by R9. Can be completely reversed in polarity, depending on
conditions, and still be normal. Amplitude, too, depends on settings of controls (R9 and R12). Value

given and shape shown is average.

P/S3 open
P/S5 open
R14 open

P/S2 open
R11 open
R12 open

10 V p-p 05V pp 10V p-p
P/S1 open R9 open R9 open
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This important job (and its big income)
is reserved for a qualified
electronics technician. It can be you!

Iit's a fact. There are thousands of jobs like this one
available right now for skilled electronics technicians.
What's more, these men are going to be in even greater
demand in the years ahead. But how about you ? Where
do you fit into the picture ? Your opportunity will never
be greater...so act now to take advantage of it. The
first step ? Learn electronics fundamentals . . . develop a
practical understanding of transistors, trouble-shooting
techniques, pulse circuitry, micro-electronics, computers
and many other exciting new developments in this
growth field. Prepare yourself now for a job with a

RADIO-ELECTRONICS ® FEBRUARY 1972

bright future . . . unlimited opportunity with lasting
security . . . prestige and a steadily growing paycheck.

Cleveland Institute of Electronics courses have been
stepping stones to good jobs in electronics for thousands
of ambitious men. Why not join them ? You can learn at
home, in your spare time, and tuition is remarkably low.
Read the important information on the facing page.
Then fill out the postage-free reply card and drop, it in
the mail today. Without obligation we’ll send you all
the details. But act now ...and get your high-paying
job just that much sooner.



How You Can Succeed In Electronics
...Select Your Future From Seven Career Programs

The “right” course for your career

Cleveland Institute offers not one, but seven different and
up-to-date Electronics Home-Study Programs. Look them
over. Pick the one that is “right” for you. Then mark your
selection on the bound-in reply card and send it to us. In a few
days you will have complete details . . . without obligation.

1A. Electronics Technolagy

A comprehensive program covering
Automation, Communications,
Computers, Industrial Controls,
Solid-State Devices, and prepara-
tion for a 1st Class FCC License.

1B. Electronics Technology

with Laboratory

Includes all areas of Course 1A
including 1st Class FCC License
preparation. In addition, student
receives 161-piece Electronics
Laboratory and 17 “lab’ lessons