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How new Memorex |
Recording Tape
shattered glass and
why it will make your
favorite music

sound better.

To shatter glass with the human voice, a singer must |
reach and hold the pitch it takes to make a given glass i
vibrate. That pitch must then be projected with enough | \
volume to vibrate the glass to its shatter point. J \
We figured if we could capture that precise pitch on our  / —— P! ‘
new Memorex Recording Tape and play it back at the
same volume, we'd dramatically demonstrate the
exactness with which our tape can reproduce music.
So that’s exactly what we did.

Memorex has increased tape sensitivity, increased
high-frequency response, and improved signal-to-noise
ratio; so much, that now you can record your favorite
music, then play it back the same way it sounded live.

You should hear us.

M EMOREX Recording Tape

Reproduction so true it can shatter glass. f

Incidentally, our cassatte tape also shatters glass. © 370, MEMIREX CORPORATIIN
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FZ21 HI-LO
with 412-inch
meter $99.58

RO = FE20 HI-LO

i
e

with hi-voltage probe and large

six-inch meter

$129.50

WITH THE NEW HI-LO FIELD EFFECT MULTIMETERS

USES ONLY .08 VOLTS TO POWER OHMMETER TO PREVENT TRANSISTORS FROM

CONDUCTING AND UPSETTING READINGS

Look at these extra features to see why the Hi-Lo meter belongs on your want fist:

Unbelievable specifications of 15 megchm input
impedance on DC and 12 megohms on AC
Laboratory accuracy of 1.5 percent on DC and
3 percent on AC o

9 DC voltage ranges from as low as .1 voits full
scale to 1000 volts

3 hil-voltage ranges of 3 KV, 10 KV and 30 KV

9 DC zero center ranges from .05 volts to 500
volts . . . a must for delicate transistor bias
measurements

7 resistance ranges from 1000 ohms full scale to
1000 megohms

Low voitage of .08
volts prevents tran-
sistors from conduct-
ing and misreading

circuit. Resistor will
/now read 10K as it
should. Also prevents

any damage to tran-
sistor.

® Automatic bwilt-in battery test . . .

Here is why you

should have both Hi

and Lo battery volt-

ages for correct in- RSIons I Lo
circuit resistance 3
measurements in
solid state circuits:

& 9 DC current ranges from 100 microamps to 1
amp

never a worry

about rundcewn batteries, just push the switches

under the meter and read.

® Standard .6 amp fuse to protect the ohms and

milliamps scales if voitage or overioad & ac-
cidentally applied. No more need to retum the
meter to factory for repair . . . just replace the
fuse.

® Special probe with 160K isolation resistor in

probe to prevent AC pickup or to prevent loading
oscillator circuits. Leave in normal position for
most tests.

\

Higher voitage of 1.5
vel's causes semi-

frert-to-back ratia or

conductivity of tsan-
sistors. Meter wculd
no: be complete with-
ou- hi-ohms reading.

S E= NI C OFRE= inc. 3200 Sencore Drive s Sicux Falls, South Dakota 57167
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features greater protection range,
many new options
for security systems.
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New CA1A CRIME ALERTO

Even 22 feet away, this new ultrasonic intrusion alarm
can detect a burglar and take appropriate action. Like
letting out a high-pitched scream or turning on a lamp
floodlight, horn or bell. The built-in audible signal may
be switched off and the accessory outlet used to give
warning at some remote location without alerting the
intruder.

Increased dstection sensitivity isn’t all that's new about
the CA1lA. I7’s got four different operating options that
give it greater flexibility and allow it to make use of
more accessories for a variety of security systems.

Option REMOTE RESET, lets you activate and deactivate
the alarm from a remote location. Lockswitch RS1 is
recommended.

Option AUTOMATIC RESET, alarm automatically stops
after two minutes of operation. Accessory timer CAT
100 must be used.

Option INSTANT RESET, lets alarm trip only when
intruder moves. When movement stops, the alarm stops
and is instantly and automatically reset, ready to signal
the next movement. Accessories like the weatherproof

Stang, 1.",'3&‘" 2
N 3] N,
AL NCREASE

s
Rew =
0T Reser ansmvm'l

ADIBTHENY SRIME 41eny

MODEE £ A g
Y20¥AC 60K sivary

horn 87600, bell 60006 and rotating red light RRL1
are ideal for use with this option.

Option MANUAL RESET, after the intruder has been
detected the alarm remains on until manually turned
off and reset.

A variety of remote alarms which plug into any 120 VAC
outlet without additional wiring are available for use
with the CA1A.

New CA1DC CRIME ALERT®

This model operates on both 120 VAC and 12 to 1& VDC.
Automatically switches to batteries if AC power fails.
Has remote reset. automatic reset and manual reset
described above. Audible alarm may be switched off.
Normally oper isolated relay contacts may be used for
accessories such as DC bell 60007, Three Mallory M915
batteries are recommendecd for standby power. AC
accessories not recommended for use with CA1DC.

Price for either CA1A or CA1DC $99.95.
Accessories at additional cost.

Write for bulletin 9-616 which cescribes the Mallory
full line of security systems.

MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P. R. MALLORY & CO. INC.
Box 1558, Indianapolis, Indiana 46206: Telephone: 217-636-5353

Batteries o Capacitors » Controls |CRIME ALERT®| DURATAPE® « Resistors « Semiconductors « Switches « Timers « Yibrators
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THIS MONTH'S COVER
shows a grouping of repre-
sentative transistor testers
used for servicing. At the top
left is the Eico 685. Below it is
the Heath IM-36. At the top
right is the Hy-Tronix 900. At
the bottom right the RCA WC-
506A is being used to check a
power transistor. For specs
and prices on these and a
number of other transistor
testers, refer to our article on
page 40 of this issue. Cover
photo: Dirone-Denner
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Attachments to Your TeIephone Walter H. Buchsbaum

What are son of the

ome e devices that ca attached t e nhone or

be easily 0 or 1

Recent Developments in Electronics

Zener Diode Voltage-Regulator Nomograms  chester W. Young

Jon L. Turino

Designing a Phase-Shift Oscillator

Technicians in Britain £ 4. Bromfietd

Measuring Color- TV Generated X- Rays J. G. Ello
Descriptions of the various types of survey instruments, therr comparative charac
teristics, and methods of checking color TV receivers for excessive radiation

Transistor Testers for Servicing rorest H. Bernt
Contrary to early promises, transistors don't last forever. in order to check
their performance you need a good transistor tester such as ones described.
A complete directory of such service-type testers and their specs 1S included

Transistor Testers and Curve Tracers—Directory

Be Cool: Cook with a Microwave Oven  witiam Stockiin

The Optoelectronics Revolution  (othar Stern & inwin Carroll
Solid-state devices, with their extremely long lives and low power consumption,
are starting to take the place of incandescent lamps and glow-discharge display
tubes. Used as light sources, light modulators, indicators, detectors, couplers,
and sensing arrays, here's what is available now and prospects for the future

Advertising a Service Business John Frye

Miniature Wide-Range V.L.F. Tuner w~.+ Brown

Remote U.H.F.-TV Signal-Seeking System  rau/ Lerevre
Understanding Complex Waveforms

Lawrence S. Nickel
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ALWAYS INSIST

ON

*CONTROLLED
QUALITY
CRYSTALS

for your Communications
THE

“ON-CHANNEL™

CRYSTALS by

C CRYSTEK

N OW YOU CAN
Z/P-orbER

THE CQC CRYSTALS YOU WANT

Your electronics dealer has new,
fast, direct-factory ZIP-Order Pur-
chase Certificates to enable you to
get CRYSTEK CB, Monitor or Ama-
teur Controlled Quality Crystals
mailed direct to you promptly. Ask
about them.

LRYSIE

formerly

TEXAS CRYSTALS

Div. Whitehail Electronics Corp.

1000 Crystal Drive 4117 W. Jefferson Blvd.
Fort Myers, Florida 33981 Los Angeles. California 90016
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Coming Nlext Month

Special Feature Article
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Electronics \\orld PORTABLE

SOUND SYSTEMS
FOR PERFORMERS

Putting together such a system is a challenge because
performers are usually loud, halls frequently have poor
acoustics, znd there is plenty of noise and feedback. In
this first of a two-part series, Donald L. Patten of Shure
Brothers explains how to select, locate, and hook up
mikes and mixers to overcome these problems.

Portanle
Sound Systems

\
H
[
|
\

Computers and TV-like scanning techniques are helping

publishers keep abreast of the information explosion. Da-

Comput_er vid L. Heiserman explains how the RCA Videocomp

Typesetting works—photozraphing lines of type from the screen of a
CRT at speeds of up to about 1000 words per seccnd.

Frank Krausser of Fisher Radio thinks so. He contends that

Do We Need stereo reproduction through four channels can improve the

4-Channel Stereo? listening experience considerably, providec certain psy-
choacoustic factors are faken into consideration.

Here’s some practical help in selecting the best TV lead-in
i for your particular installation. Low loss at u.h.f.; imped-
aAt %Iolfgal-d??nl"s ance smaothness for color; shielding against interference;
freedom from aging—these are all current requirements
and Forest H. Belt explains their importance.

An interior-mounted “on-off” switch makes this alarm sys-
tem virtually burglar-proof. Adjustable time-delay circuits
sound harn a short time after the car door is opened. Com-
ponent parts are readily available and inexpensive.

An Improved
Vehicular
Intrusion Alarm

All these and many more interesting and informative articles will be yours in
the August issue of ELECTRONICS WORLD . . ... on sale July 20th
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“Hard work's
not enough...
vou need more

education to
get ahead in | __
electronics” | pe ‘oo

of solid state
electronics including
integrated circuits!

Ask anyone who really knows the elec-
tronics industry. You can’t hope to
succeed unless you supplement your
experience with specialized, up-to-
date technical knowledge.

NO STAMP NEEDED—
This entire fold-over coupon forms a postpaid envelope

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

Going back to school isn’t easy for a

man with a full-time job and family ELLO7E

obligations. But CRE! Home Study NAME AGE
Programs make it possible for you to

get the additional education you need ADDRESS

without attending classes. You study

at home, at your own pace, on your CITY STATE Zip

own schedule.
EMPLOYED BY

CREIl Programs cover all important
areas of electronics including commu-
nications, automatic control, com-
puters, even digital communications.
You're sure to find a program that fits
your career objectives.

TYPE OF PRESENT WORK

| am interested in: [] Electronic Engineering Technology

[] Space Electronics [] Computers [] Nuclear Engineering Technology
[ Industrial Electronics [] NEW! Electronics Systems Engineering

[ NEW! Non-Technical Course in Computer Programming

Approved for training under new G.l. Bili

Do not cut here—just fold over, seal and mail—No stamp needed

FREE book gives all the facts. Mail
postpaid reply coupon today or write:
CREI, Dept. E1107B

3224 Sixteenth St., N.W.

Washington, D.C. 20010

FIRST CLASS

Permit No. 288-R
Washington, D.C.

Accredhted Member of the
Natonal Home Study

SEND FOR
FREE BOOK

Cut out entire busi-
ness reply envelope
at right. Fill in cou-
pon. Fold over, seal
(paste or tape) and
mail today.

NO 'STAMP NECESSARY.

[ BUSINESS REPLY MAIL J

No Postage Stamp Necessary If Mailed In The United States

Postage will be paid by

CRE]I, A Division of the McGraw-Hill
Continuing Education Company

3224 Sixteenth St., N.W.
Washington, D.C. 20010
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by Hirsch=-Houck Labs

KLH Model 41 Tape Deck
For copy of manufacturer’s brochure,
circle No. 1 on Reader Service Fage.

LTHOUGH the Dolby " B-type” noise-reduction system
is now incorporated in several cassette recorders, we
know of only one reel-to-reel tape recorder with a built-in
Dolby system—the KLH Model 41. This is a compact, low-
priced tape deck with a minimum of frills (barring the Dol-
by circuits, which we would hardly classify as a “frill”), but
clearly designed to provide the optimum combination of
quality and lew operating cost when fed into a home music
system.

The deck is a three-speed, single-motor stereo machine,
assembled or a rigid cast plate. Its electronics portions are
built on seven printed boards. One is a long master inter-
connection board. which carries the sockets into which the
six smaller boards are plugged. The printed-circuit beards
are readily accessible from the rear for servicing or adjust-
ment.

The unit has three heads, but cannot be used as a simulta-
neous recording/playback machine for monitoring off the
tape. It has only a single set of Dolby circuits, which are
switched from record to playback. The transport operation
is controlled by a single knob, which has an ingenious me-
chanical interlock to prevent accidental tape breakage or
spilling when going rapidly from fast-forward or rewind to
normal playing speed. Before entering normal speed from
a fast speed, it is necessary to wait about 2 seconds for the
tape to come to a complete stop. The knob will not move
into Play until that time has elapsed. When going from Stop
to Play there is also a delay of about 2 seconds, for a differ-
ent reason. Power is removed from the playback amplifiers
in the fast speeds, to eliminate annoying squeals from the
speakers. There is a noticeable time required for the ampli-
fiers to reach their operating condition in Play, but this can
be avoided by first going into Pause for a moment. This
situation does not exist during recording, as the recording

6

KLH Model 41 Tape Deck
Sony ST-5100 AM/Stereo-FM Tuner

amplifiers are turned on whenever the power is applied to
the deck.

The deck has individual illuminated vu meters which
read both recording and playback levels of the two chan-
nels. Each channel has its own recording-level control, for
balancing, and a master gain control sets the over-all re-
cording level. Playback level is adjusted by a control under
the deck. Also under the deck are the two pairs of line
inputs, with different sensitivities, and the outputs for an
external stereo power amplifier. A pair of microphone jacks
are recessed into the right side of the unit.

The front-panel control lineup is completed by the two
record safety buttons and their signal lights, and three lever
switches controlling line power, Dolby operation, and play-
back mode. The latter switch can feed either channel
through both outputs for mono playback or provide normal
stereo operation. A four-digit index counter and a small
lever for speed changing are on the deck near the head
covers.

KLH specifications are based on the use of standard tape
formulations, such as 3M #111 or # 190, and the machine
is normally biased and equalized for these tapes. If one
chooses to use the more expensive low-noise tape, such as
the 3M #201 series, bias and equalization must be re-ad-
justed for the tape used. This can produce a slight extension
of high-frequency response and improvement in signal-to-
noise ratio, although as our tests showed this is hardly need-
ed.

Laboratory Use Tests

In our laboratory measurements, using 3M # 111 tape,
the record/playback frequency response at 3% in/s was
within 4 dB from 20 Hz to 16 kHz. There was a broad rise
in the upper-middle and high-frequency range, reaching a
maximum of +6 dB at about 6 to 7 kHz. This rise was
accentuated by a ccuple of dB when the Dolby was used,
an effect which we have observed with all the Dolby-
equipped cassette decks we have tested. At 1% in/s, the
response was within 4 dB from 20 Hz to 7500 Hz, sur-
passing KLH specifications although not quite of true “hi-
fi” caliber.

The real surprise came at 7% in/s. The response was
within T2 dB from 25 Hz to 20 kHz, which is excellent by
any standards. Since response did not appear to be drop-
ping off at 20 kHz, we made a response curve from 20 to 40
kHz and found that the output did not drop off until we
passed 30 kHz. Over-all, the 7% in/s record/playback re-

Y
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sponse was T2 dB from 25 Hz to 28 kHz, far exceeding
KLH specs.

The playback response, with Ampex test tapes, was excel-
lent. At 3%, in/s it was within =1 dB from 50 Hz to 7500
Hz; while at 7%, in/s it measured =-1.5 dB from 50 Hz to 15
kHz.

The transport operated slightly fast (about 2.5%), which
would produce a timing error of 45 seconds in 30 minutes
of playing. This should not be a problem in home-recording
applications. Wow and flutter were very low; with wow
measuring 0.03% and less than 0.01% at 3%, and 7% in/s,
respectively, and with flutter measuring 0.12% and 0.08%,
respectively (about half the specified limits). The fast-speed
operation of the deck was within specifications, but rather
slow for our taste. It took 182 seconds in fast-forward and
104 seconds in rewind to pass 1200 feet of tape.

To reach a 0-dB recording level, an input of 96 or 310
millivolts (depending on one’s choice of input sensitivity)
was required at the line inputs, or 0.59 millivolt at the mi-
crophone inputs, which have a 1000-ohm impedance. The
playbuck output at 0 dB was 1.85 volts, which could be
adjusted downward by the control under the deck. Cross
talk between chunnels was unmeasurable, being below the
noise level. The distortion was 1.6% at 0 dB and reached
the standard 3% level at about +2.5 dB.

The signal-to-noise ratio was 51 dB without the Dolby
and 56 dB with it, referred to the 3% distortion level, at
either 3%, or 7', in/s. These figures are from 7 to 10 dB
worse than KLH specifications, although they would be
considered quite low for any home tape recorder, at least at
the lower speed. Like KLH, we restricted our measure-
ment bandwidth to the audio range (actually 22 kHz) to
exclude ultrasonic noise.

We recorded FM broadcasts, disc records, and inter-
station FM hiss on the Model 41, using 3%, in/s. In the case
of the records and the hiss, we were uble to make an A-B
comparison of the playback with the incoming signal. With
noise, the high-frequency emphasis could be heard distinct-
ly, together with a slight loss in extreme highs. In the case
of music, it was sometimes possible to detect these response
characteristics, but only by direct comparison with the orig-
inal. At 7% in/s, music emerged unaltered from the record-
er, although we heard a slight accentuation of the extreme
highs with noise signals.

Subjectively, the Dolby circuit had a much more impres-
sive effect than the mere 5 to 8 dB measured improvement
would indicate. Our test instruments are not frequency sen-
sitive, while the ear is most sensitive to high frequencies
which are actually reduced about 10 dB.

In view of the excellent frequency response and low
noise of the deck at 3%, in/s, using relatively inexpensive
standard tape, we must conclude that KLH has achieved its
aim of producing a tape recorder for home use which can
do essentially perfect recording of FM broadcasts and disc
records at the lowest possible operating cost. Although the
best cassette decks can come very close to rnatching this
performance, cassette tapes are relatively expensive and do
not offer the convenience of editing that one enjoys with
open-reel tapes. Furthermore, a cassette deck which is at
all comparable to the Model 41 costs at least as much and,
in some cases, considerably more.

The KLH Model 41 is supplied complete with a wooden
walnut-finished buse. It measures 14" wide X 113" deep
X 5%" high and weighs about 19 pounds. The suggested
retail price is $249.95, bat the tape deck is widely offered at
about $200. A

Sony ST-5100 AM/Stereo-FM Tuner

For copy of manufacturer’s brochure, circle No. 2 on Reader Service Page.
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ONY'’S Model ST-5100 AM/stereo-FM tuner is @ com-
panion to the TA-1144 amplifier, which it closely re-
sembles in styling. Like the TA-1144, it has a silver-colored,
satin-finished panel, with a large black central cut-out for
the dial and twin tuning meters. The FM dial scale has lin-
ear calibrations, and the tuner features both relative signal-
strength and zero-center tuning meters. At the lower right
of the dial opening the word Stereo lights up in red when

stereo-I'M broadcasts are being received by the tuner.
Dominating the center of the black dial area is the only
knob on the ST-5100—the large, fluted tuning knob. The
tuning is smooth and free {rom bucklash. At the left side of
the panel is a lever switch controlling the power and on the
right side of the punel is a similar switch which selects FM
or AM reception. The other controls on the panel are four
push-buttons. The two at the right control a.f.c. and stereo/
mono operation (stereo switching is automatic when the
button is in the stereo position); at the left are the muting
and high-blend switch. The latter function, which blends
the two channels somewhat at high frequencies to reduce
7



ALL THE TYPES YOU NEED IN
A FULL RANGE OF SIZES.

From 4” miniature zlectronics
to 10” utility. Precision made
in USA. Forged alloy steel
construction. Cleanly milled,
perfectly aligned jaws. Hand-
honed, mated cutting edges.
Most with Cushion Grip

NOW
INCLUDING

5” Bent Thin Chain Nose. For-handling fine wires
in close quarters. No. 79CG

514" Thin Needle Nose. For firm gripping and
looping of wires. No. 57CG

4” Full Flush Cutting Diagonals. Snap cuts to
the extreme tip. No. 84CG

5” Midget Slip Joint. Narrow jaws for close
quarter work. 3 openings to },”. No. 50CG

REQUEST CATALOG

nationwide availgbility through local distributors

XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127
In Canada contact Charles W. Pointon, Ltd.
CIRCLE NO. 117 ON READER SERVICE PAGE
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background hiss on weak stereo signals
while retaining most of the stereo ef-
fect, is found on many tuners. Howev-
er, on the ST-5100 its operation is auto-
matic when signal strength falls below
about 100 microvolts. The listener is
unlikely to be consciously aware that
the blending has taken place, merely
that the ST-5100 sounds quieter than
most tuners when receiving weak sig-
nals. The muting takes place for signals
below 8 microvolts, when the switch is
actuated.

In the rear of the tuner are the fer-
rite-rod antenna for AM, the external
antenna terminals, and two pairs of au-
dio outputs. One is at a fixed level of
about 1 volt; the other can be adjusted
to any level that is desired up to 2.5
volts.

The front-end of the tuner is novel in
its use of three tuned circuits ahead of
the FET mixer, but there is no active
r.f. amplifier. This combines excellent
image and spurious-response rejection
with exceptional freedom from over-
load in strong-signal areas. Also unusu-
al for a new tuner design is the absence
of IC’s. However, the discrete-compo-
nent i.f. section has seven stages, with

+5

U.S.A. and Canada) have a dual pri-
mary transformer for 100- to 240-volt
operation. Inside the tuner is a switch
to change the FM de-emphasis from
the U.S. standard of 75 microseconds to
the 50 microseconds used in Europe.

Laboratory & Use Tests

In our lab tests, we measured the FM
IHF usable sensitivity of the ST-5100 at
2.6 microvolts, exactly as rated. The
limiting action was complete at 5 mi-
crovolts and the measured distortion
for that and higher input levels was the
0.5% residual level of our signal gener-
ator. The outputs of the multiplex cir-
cuit are filtered with exceptionally ef-
fective low-pass filters to remove virtu-
ally all 19-kHz and 38-kHz compo-
nents, yet with negligible effect on the
frequency response up to 15 kHz. We
measured the response at 1 dB from
30 Hz to 13.5 kHz, and it was down
only 2.5 dB at 15 kHz. Stereo separa-
tion was between 30 dB and 35 dB
from 100 Hz to 2.5 kHz and reached a
minimum of about 14 dB between 10
kHz and 15 kHz. The AM rejection was
56 dB, exceeding Sony’s specification
of 50 dB. Signal-to-noise ratic was also
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six permanently aligned ceramic fil-
ters. The last two stages include diode
limiters followed by a ratio detector.
Interstation noise is sensed at the input
to the sixth i.f. stage and .its rectified
average value controls a FET switch in
the audio output of the detector for
muting. A separate, similar noise-sens-
ing circuit, one stage earlier, operates
the automatic high-blend circuit.

The AM tuner has an r.f. stage, FET
mixer, and two i.f. stages with two per-
manently aligned ceramic filters for se-
lectivity. Although no measurements
were made on it, it had good audio
quality.

The power supply is electronically
regulated and the power transformer is
tapped for 100- or 120-volt a.c. line
power. Export models (outside the

better than rated—74 decibels versus
the 70 decibels specified.

The subjective performance of the
tuner leaves little to be desired. It is
one of the smoothest handling units we
have used, with excellent mechanical
“feel.” The quiet background and gen-
eral freedom from hiss on almost all
M signals, weak or strong, is immedi-
ately apparent and sets the ST-5100
apart from many other tuners we have
operated. The sound is clean and ef-
fortless and tuning is non-critical.

Our chief criticism is the dim illumi-
nation of the tuning meters. Other-
wise, this is a delightful tuner to use, in
every respect.

The price of the Sony ST-5100 is
$219.50, including a matching dark-
gray metal cabinet. A

ELECTRONICS WORLD



!

There is no substitute for training
on real electronic equipment.

i §" o e ] F . & / It’s just as easy to train on the type
. § ) . / - . of equipment technicians actually use
e N TR A and service.

And it’s a lot more practical. Take TV
Servicing, for instance.

You’ll have it all over the man whose
only experience has been on a TV re-
ceiver designed strictly for training
purposes.

NTS Project-Method courses in Elec-
tronics combine the latest, professional
equipment with easy-to-grasp lessons,
texts and manuals. You build your equip-
ment a stage at a time, and then use
the equipment on projects that duplicate
actual servicing problems.

It’s like getting on-the-job experience
at home.

Here’s just some of the equipment
you get to keep, and what you will learn.
You’'ll get all the details when you re-
ceive the NTS full-color catalog.

5 watt AM "
transmitter X 5"
receiver m Oscilloscope

$¢ésiu,,,,

Exclusive
Compu-Trainer®

NTS COLOR AND
B&W T.V. SERVICING

You receive a color TV with
many unique features, in-
ciuding built-in self-servic-
ing equipment so you can
make all normal test opera-
tions. You also build an AM-
SW radio, solid-state radio,
F.E.T. Volt-Ohmmeter, and
electronic tube tester. You
learn trouble-shooting, hi-fi,
multiplex systems, stereo
and color TV servicing.

NTS ELECTRONIC &
COMPUTER
TECHNOLOGY

One of the 10 impcartant kits
included is this remarkable
Compu-Trainer®—an NTS
exclusive. It's a fully oper-
ational computer logic train-
er— loaded with integrated
circuits. It introduces you
quickly to the how, what,
and why of computers. You
also receive a F.ET. Volt-
Ohmmeter and a 5" wide
band oscilloscope.

NTS ELECTRONICS
COMMUNICATIONS
AND F.C.C.

Two exciting courses in the
big-paying fields of trans-
mitting and receiving. Either
one qualifies you for your
FCC First Class Radio-Tele-
phone License. NTS assures
you will pass this FCC exam
within 6 months after suc-
cessfully completing your
course — or your tuition is
refunded. You receive 14
kits to build an amateur
phone 6 meter YHF trans-

NTS INDUSTRIAL &
AUTOMATION
ELECTRONICS

Let NTS put you into the age
of electronic controls. Sys-
tems automation is rapidly
becoming the emphasis of
modern industry. NTS train-
ing equipment includes a 5"
wide band oscilloscope. You
also get the new exclusive
NTS Electro-Lab —a com-
plete workshop. Build five

Solid- ceiver plus NTS' exclusive industrial controls to regu-
state 6 transistor solid-state radio late motor speed tempera-
B&W TV and a fully transistorized tures, pressure, liquid level
74 sq. in Mail volt-ohmmeter. and much more.
P T~ coapon
plctbu_re togay for g
i(l(l:(a:ll.ll(;‘::i) et Y, Please rush Free Color Catalog and Sample Lesson, plus information H
catalog B8a. on course checked below. No obligation. No salesman will call. 1
. that de- ! . : 1
The Saw 1y recoiver fea | s S (S National Technical Schools :
= ainin (S R 8
circuitry, making your TV pregram e 4000 S. Figueroa St., Los Angeles, Calif. 90037 '
S } e offer. 1
training the most _mOdem- no obleisr;ation. No 1 [ Master Course in Color TV Servicing ] Practical Radio Servicing 1
most advanced available. salesman will call. I 7] Color TV Servicing (For advanced [J FCC License Course 1
1 Technicians) [ Master Course in Electronics :
CLASSROOM TRAINING AT LOS ANGELES : [ Master Course in B&W TV & Radio Technology ) | 5
You can take classroom training at Los Angeles in sunny 1 Servicing [J Industrial and Automation Electronics.
Southern California. NTS occupies a City block with over a 1 [ Master Course in Electronics [] Computer Electronics 1
million dollars in facilities devoted exclusiwely to technical 1 Communications [ Basic Electronics Dept. 240-071 1
training. Check box in coupon. 1 |
APPROVED FOR VETERANS - Age !
Accredited Member: National Association of Trade : .
& Technical Schools; National Home Study Council. § Address 1
e g 1
NATIONALGEDSCHOOLS  fcry State Zip. :
World-wide training since 1905 1 [0 Check it interested in Veteran Training O $hgck if interestid onlly in Classroom :
4000 S. Figueroa St., Los Angeles, Calif. 90037 1 under new G.I Bill rajningat EoSeangeies: 5
AT I Il sy vy vy sy e e n e B 0 O O

July, 1971 9



68023 WOODSTOCK TWO
(2 record set)
Cotil LP, 8TR, CASS

-

k... Any 53

66764 E_TON JOHN
Tumbteweed Connection

Uni LP,

41213 JESLS CHRIST SUPEFSTER

{2 record s2t)
Decca LP, 8TR, CASS
I W T
Mo
L o7 -

65797 GABOR SZABO
Blowin” Some Old Smoke
Budda LP, 8TR, CASS

21597 RIMSKY-KORS-
AKOV Scheherazade
Yorks LP, 8TR, CASS

42780 LED ZEPPELIN
I
Attan LP, 8TR, CASS

33093 IAN & SYLVIA
Greatest Hits
(2 record set)
Vangu LP, 8TR, CASS

33182 SUSAN SINGS
SESAME STREET SONGS
Scept LP, 8TR, CASS

39089 5th DIMENSION
Greatest Hits
SouCi LP, 8TR, CASS

37TR, CASS

33184 D
Very Dio

TOMNE WARWICK
nne

Scept LP, 8TR, CASS

ereolPsor

+ WITH NO OBLIGATION

66826 BOBBY SHER-
MAN Portrait of Bobby
Metro LP, TR, CASS

58030 CROSBY STILLS NASH
& YOUNG Four Way Street
(2 record set)

# | Atlan LP, 8TR, CASS

67517 THREE DOG NIGHT
Golden Biscuits
Dunhi LP, 8TR, CASS

il Al

BROS

43871 STATLER
Bed of Roses
Mercu LP, 8TR, CASS

21551 BEETHOVEN
Piano Sonatas
Yorks LP, 8TR, CASS

30618 DIANA ROSS
Motow LP, 8TR, CASS

37838 FLIP WILSON
Flipped Out

37833 ROD McKUEN
in The Beginning
Sunse LP, 8TR

44755 SHIRLEY BAS-
SEY Is Really Something
UniAr LP, 8TR, CASS

41217 BERT KAEMP-
FERT Orange Colored Sky
Decca LP, 8TR, CASS

42988 ROGER WiL-
LIAMS Love Story
Kapp LP, 8TR, CASS

42986 ROGER WIL-
LIAMS Golden Hits
Vol. 11

Kapp LP, 8TR, CASS

48800 B. B. KING Live
At Cook County Jail
ABC LP, 8TR, CASS

75002 JACKSON S
fMaybe Tomorrow
Motow LP, 8TR, CASS

42665 CROSBY STILLS
& NASH

Atlan LP, 8TR, CASS
43870 MELBA MOCRE

Look What You're Doing
Mercu LP, 8TR, CASS

50506 BUFFY
SAINTE-MARIE

Wanna Be A Ballerina
Vangu LP, 8TR, CASS

32882 JOAN BAEZ

Joan Baez 5

Vangu LP, 8TR, CASS

68019 EMERSON, LAKE
PALMER

Cotil LP, 8TR, CASS

38368 VENTURES 10th
Anniversary Album

(Z record set) Liber LP

Sunse LP, 8TR

ENSEMBLE
Yorks LP, 8TR, CASS

See for yourself why aves 12 million record and tape collectors paid $5 to join
Record Club of America when other recorc: or tape clubs would have accepted them free.

Columbia . .
Citadel q Sterec Tape hpﬂntgl RCoIn;ngllah
Record Club artridge Service Record Clul z2cord Clul
{as adv. in {as adv. ir {as adv. in (as adv. in RECORD CLUB OF AMERICA
TV Guide Esquire Look Playboy
Oct. 3, 1970} Nov. 1970 Jan. 26. 1971) Feb. 1971}
CAN YOU Choose an
y LP or tape
CHOOSE FROM !
oB R Tapes Doner Gver 300, axren:
INCLUDING NO NO NC YES! ent manutacturers
CARTRIDGE including Capitol, Co-
AND CASSETTE umbia, IRCAS Angel,
- ondon, ete
TAPES? 1 2
o 2a
Ml.{SI You BUY No obligatiars! No
ﬁuma,?;h:’l;M ]2 ]2 | G ) yearly quota' Tzke as
many, as few, or noth-
;z::‘:?;’os OR NDNE iqge?( all if yau-so de-
HOW MANY? cide!
HOW MUCH .
You don't have to spen:
MUST You $83.76 $59.76 $41.70 ZERD 2 penny. becsuss youve
FULFILL YOUR to to to not “legally o>ligated”
(AL $95.40 $71.76 sa7.20 [DOLLARS to buy even "3 %singre
BLIGATION? ) record or tape!
CAN YOU BUY ;8:1/1 ?)IFSFCOEM u;; tg
. uarantee:
NO NO NC ALWAY. gnev:r less than a third!
DISCOiINT? No exceptions
00 YOU EVER There are no cards |
RECEIVE gh;cnt{’ou mus(drelum.
3 nly the records and
RECORDS OF YES YES YES | NEVER! B0, 15 wary are sent
TAPES® —and onl{‘when you ask
ys (o send them
HOW LONG
MusTivoy 5106 5t 6 5t 6 5t06 5106 [NOLONG You erder erocessea
%ué:;lxe[n’s weeks weeks weeks weeks weeks | WAITS! shipping on cycle
A

383;‘3 IKE & TINA

TURNER
£1633 RED ARMY Workin’ Together

Liber LP, 8TR, CASS

$4.98 LPs average as low as $1.96
$5.98 LPs average as fow as $2.25
$6.98 LPs average as low as $2.56
Savings of 63% or more from recent Club sales up
to $4.42 per LP. Start these giant savings now...
not after you fulfill your obligation like the other
clubs.
Average
List  Club
Label Price Price
Andy Williams—Love Story  Colum 598 2.25 !
Anne Murray Capit 598 2.25
Ed Ames—This [s RCA 6.98 2.56
2001—A Space Odyssey MGM 698 2.56
Mary Travers—Mary WarBr 498 196
Creedence Clearwater
Revival—Pendulum Fanta 498 196
Miles Davis—Bitches Brew Colum 598 2.25
Love Story—Soundtrack Param 598 2.25
1 Perry Como—It’s impossible RCA 598 2.25
Bloodrock—3 Capit 598 225
Santana—Abraxas Colum 588 225
Worst of Jefferson Airplane RCA 598 225

33099 PDQ BACH
Stoned Guest

16595 VIRGIL FOX
Vangu LP, 8TR, CASS

Bach at the Filimore
Decca LP, 8TR, CASS

TYPICAL

“EXTRA DISCOUNT” SALE

10

RECORD CLUB OF AMERICA—The World's Larg

st Record and Tape Club

ELECTRONICS WORLD



Worth

Anv{Tape .. Shown Here z:

T0 BUY ANYTHING EVER!

Yes, take your pick of these great hits right now! Choose any 3 Stereo LPs (worth up to $20.94) or any 1 Stereo Tape (cartridge or
cassette, worth up to $13.96) FREE . . . as your welcome gift from Record Club of America when you join at the low lifetime mem-
bership fee of $5.00. You can defer your selection of FREE items and choose from an expanded list later if you can’t find 3 LPs or 1
Tape here. We make this amazing offer to introduce you to the only record & tape club offering guaranteed discounts of 333 % to
79% on all labels—with no obligation or commitment to buy anything ever. As a member of this one-of-a-kind club you will be
able to order any record or tape commercially available, on every label—including all musical preferences. No automatic shipments,
no cards to return. We ship only what you order. Moneyback guarantee if not satisfied.

|

¢ ! S e - &
66738 NEIL DIAMONO 65793 BREWER & 38376 CANNED HEAT 42784 STEPHEN 66703 ORSON WELLES ~ 65784 MELANIE 21537 TCHAIKOVSKY
Tap Root Manuscript SHIPLEY Tarkio 'N JOHN LEE HOOKER STILLS Begatting of the Leftover Wine 1812 Overture

Uni LP, 8TR, CASS KamSu LP, 8TR, CASS {2 record set) Liber LP  Atlan LP, 8TR, CASS President Media LP Budda LP, 8TR, CASS Yorks LP, 81R, CASS

2l record
i .

41152 WHO Tommy 33185 JOSEPH & THE 33183 B. J. THOMAS 67519 STEPPENWOLF 33092 BEST OF BUFFY 44746 DUKE ELLING- 33179 DIONNE WAR-
(2 record set) AMAZING TECHNICOLOR Most of All Gold SAINTE-MARIE TON 70th Birthday WICK 1'll Never Fall In
Decca LP,8TR, CASS DREAMCOAT Scept LP, 8TR, CASS Dunhi LP, 8TR, CASS (2 record set) Concert Love Again
B Scept LP, 8TR, CASS Vangu LP, 8TR, CASS (2 record set) SoISt LP Scept LP, 8TR, CASS
472 A
33134 B. ). THOMAS 65775 VERY BEST OF

JEICHERRIAI e Greatest Hits Vol 1 LOVIN' SPOONFUL 33065 JOAN BAEZ N““’ ‘70lJ ‘I‘N
nniversary Album Vorks LP 8TR. CASS Scept LP, 8TR, CASS KamSu LP, 8TR, CASS  David's Album -

(2 record set) UniAr LP

Wil o CHARGE IT, TOO!

44757 BEST OF 42911 MAN OF LA 65796 CAL TIADER 44753 TRAFFIC John
GOROON LIGHTFOOT MANCHA Qriginal Cast ~ Tiader-Ade Barleycorn Must Die e e e - oo
UniAr LP, 8TR, CASS Kapp LP, 8TR, CASS Budda LP, 8TR, CASS  UniAr LP, 8TR, CASS

RECORD CLUB OF AMERICA

CLUB HEADQUARTERS
AT LAST A RECORD AND TAPE CLUB WITH NO “‘OBLIGATIONS”’— ONLY BENEFITS! kg AT S

Yes—Rush me a lifetime Membership Card, Free

Join over one and one-half million budget-wise ©
record and tape collectors now.

©

(a small handiing and mailing fee for your free

! T
! i
! I
! I
i |
Ordinary record and tape clubs make you choose LPs or tapes will be sent later). if you can't find | Giant Master LP & Tape Catalog, and Disc & Tape |
from a few labels—usually their own! They make 3 LPs or 1 tape here, you can defer yoyr selec- | Guide at this Special Membership Offer. Also send |
you buy up to 12 records or tapes a year—usually tion and choose from expanded kst later. This | me the 3 FREE LPs or 1 FREE tape which | have
at |ist price—to fulfill your obligation. And if you entitles you to LIFETIME MEMBERSHIP—and you ! indicated below (with a bill for a smal! mailing and |
forget to return their monthly card—they send never pay another club fee. Your savings have { handling charge). 1 enclose my $5.00 lifetime mem-
you an item you don’t want and a bill for $4.98, already more than made up for the nominal I bership fee. This entitles me to buy any LPs or tapes I
$5.98, $6.98, or $7.98! In effect, you may be mzambership fee. 1 at discounts up to 79%, plus a small mailing and |
charged almost double for your records and tapes. NOW YOU CAN CHARGE IT h handling charge. | am not obligated to buy any rec- |
BUT RECORD CLUB OF AMERICA If you prefer, you may charge your membership | s wan apes nolyeatly fanote; If not completely |
ENDS ALL THAT! to ‘one of your credit cards. We honor four dif- delighted 1 may return,items above within 10 days |
we're the largest all-label record and tape club ferent plans. Check your preference and fill-in 1 for immediate refund of membership fee. I
in the world. Choose any LP or tape (cartridges your account number on the coupon. ] 3 FREE LPs |
and cassettes), including new releases. No LOOK WHAT YOU GET i [ '| ]
exceptions! Take as many, or as 'few;‘ or no o FREE tifetime Membership Card — guarantees 1 [ —J l ]
selections at all if you so decide. Discounts are you brand new LPs and tapes at discounts up } 1 FREE TAP
GUARANTEED AS HIGH AS 79% OFF! You always t0 79% ... Never less than Y3 off. l - ?" a E |
save at least 33%3%. You get best sellers for as o FREE Giant Master LP and Tape Catalog—lists i ] l [ 8 track |
low as 99¢. all readily available LPs and tapes (cartridges " {7 cassatte t
. NG AUTOMATIC SHIPMEN‘[S and cassettes) of all labels (including foreign) ~ or (] Defer Selection—send expanded list. I
With our Club there are no cards which you must ... all musical categories. n 1 M |
return to prevent shipment of unwanted LPs or © FREE Disc and Tape Guide — The Club's own . 1 Mrrk |
tapes (which you would havp to return at your Magazine, and special Club sale announcements ~ | Mis§ i
own expense if you have failed to send written which regularly bring you news of just-issued & | - 1
notice not to ship). We send only what you order. new releases and “extra discount” specials. & | paddress
HOW CAN WE BREAK ALL RECORD o FREE ANY 3 Stereo LPs or any 1 Tape shown O _— T — 1
AND TAPE CLUB RULES? here (worth up to $20.94) with absolutely no i City State Zip I
We are the only major record and tape club NOT obligation to buy anything ever! o 1 !
OWNED...NOT CONTROLLED...NOT SUBSIDIZED GUARANTEED INSTANT SERVICE E H All Servicemen write Soc. See. ¢t |
by any record or tape manufacturer anywhere. All LPs and tapes ordered by members are i CHARGE IT to my credit card. | am charging my |
Therefore, we are not obliged by company policy shipped same day received (orders from the © $5.00 membership (mailing and handling fee for each |
to push any one label. Nor are we prevented by Master Catalog may take a few days longer). ALL @ |  FREE LP and tape selected will be added). |
distribution commitments from offering the very RECORDS AND TAPES GUARANTEED—factory new > | Check one: [ Diners Club [ Master Charge |
newest LPs and tapes. and completely satisfactory or replacements will = | 0 A|I1:‘erican Express [J BankAlE'lericard 1
) SPECEI&% INTRODUCTORKMINEEI:ACBERSHIP OFFER be made without question. ol |
oin RECORD CLUB OF AMERICA now and take MONEY BACK GUARANTEE @ | Acct Expiration Date
aferiasg of this speciall Intreducitry’ Member, If vou aren’t absolutely delighted with our dis- & | :
Ean (w:rrfn ugotS: 20 g4L)P;n%f;r;{llcgp%:hvm: counts (up to 79%)—return items within 10 days iy ) Signature |
check or money order for $5.00 membelpship fee P (e (L T L9 Al (e dy G2 I S e o honglomeboy ciaddies 5 1
By

L Orders to be serviced from Canada.
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GTE Sylvania has the lines
that lay it on the line.

Only GTE Sylvania gives you a choice of three different price lines n
color picture tubes.

And GTE Sylvania tells you and your customer exactly what you are getting
in each line.

That makes Sylvania tubes easier to sell.

You can tell your customers the advantages of the top-line color brickt 85® XR.
You can show them where the savings come from in the ,
economy color screen 85 line. And you can tell them ex- B R
actly what they’re getting for their money in the middle- ) : T,
line color bright 85° RE.

The way we see it, if we lay it on the line with you, you
can lay iton the line with your customers.

Instead of just handing them aline.

SYLVANIA'

color bright 55w | color briant B se

Syivania rare earth yes : yés A : : yes
red phosphors : : |

color sereends

Other manufactured rare no : ﬁo : ; yes
earth phosphors

All sulfide phosphors : no : no ' © no
X-ray inhibiting glass : yes i no : no
New glass yes some : some
Reused glass é no - : sém; some

Regunned ! no . ho some

Screen blemish specs OEM OEM : slightly wider
: than OEM

White fieid uniformity OEM slightly- wider slightly wider
than OEM 2 than “RE"”

Cut off; purity currents; OEM : OEM : slightly wider
beam shield leakage : ‘than OEM

ELECTRONICS WORLD
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Money for Unemployed Engineers

A $42-million program to help unemployed engineers and scientists find new jobs has been announced by
U.S. Labor Secy. Hodgson. Most of the money (825 million) is to be used to retrain 15,000 in new fields; $5
million is to provide 20,000 with travel money to look for new jobs; $10 million is to reimburse 10,000 for
moving expenses; and $2 million is for research. Right now there are between 75,000 and 100,000 unem-
ployed engineers and scientists in the U.S., a good many of whom have been working in the depressed
aerospace industry.

Consumer Electronics Sales Are Up

it’s difficult for a monthly magazine to keep up to the minute on sales figures, especially when they
fluctuate as widely as they do in the area of consumer electronics. However, the last quarterly figures we saw
from the Electronic Industries Association show healthy increases in sales of TV’s, radios, and phonos for the
first quarter of 1971 compared to last year. Here are the figures: color TV’s up 18%, black-and-white TV’s up
6%, FM home radios up 14.7%, AM home radios down 2.8%, automobile radios up 24.4%, console phonos
down 20.9%, and portable and table phonos up a whopping 51.2%.

While we’re talking about the EIA, we should give you a couple of more figures they are especially proud
of. The Association’s electronic service technician workshops for high-school instructors will reach 15,000
young men this year, and the sale of the one-millionth ElA-sponsored textbook on consumer electronics
servicing was marked recently at a ceremony in New York.

CB’ers Aid Police in California Earthquake

Everyone was pitching in to do their share to help in the violent earthquake that was centered in the San
Fernando Valley some months ago. One group we have heard about are those local, CB’ers affiliated with
React, which is a national public-service community program to provide 2-way radio communications in
emergencies. A number of CB units were used to relay messages to and from the police and hospitals.
Messages also handled dispatching authorities, equipment, and volunteers to areas where they were needed.
Evacuation orders were sent out to residents below two dams that were in danger of breaking. The main
communications control was at the Foothill Division Police Station, from which messages were continuously
relayed from units in the area without telephone service. The Citizens Band can be employed for a worthwhile
purpose; although it’s sometimes hard to believe this if you’ve monitored some of the idle and useless chatter
that you hear on the band around New York City these days.

The Video Cassette Potis Bubbling

There is lois of activity in the video-cassette field these days. We recently attended a press conference at
which Bob Brockway, president of CBS Electronic Video Recording Div., announced that agreement had heen
reached with four Japanese manufacturers to make EVR players for sale in the U.S. and Canada. The four are
Hitachi, Matsushita, Mitsubishi, and Toshiba; delivery is expected to begin early next year. The EVR players
use special film cartridges which are played back through one or more TV receivers. Motorola has been
making these players under an exclusive manufacturing license in the U.S. and Canada; the license expires at
the end of this year. Motorola issued a statement welcoming the Japanese manufacturers to the U.S. market as
a step toward popularizing and standardizing the EVR medium. Most of the company’s efforts have been in
the school, industrial, and institutional markets, while the Japanese companies seem to be more interested in
the home market. Motorola has been selling its EVR color player for around $800. No prices were given for
the Japanese models but it was indicated that these would be simpler and not have some of the “industrial”
features found in the Matorola players. Our guess is that they will come into the U.S. market at least several
hundred dollars cheaper than the Motorola units. They will have to be a lot cheaper than this, however,
before we find one in every home. Remember, this system is strictly for playback and does not provide for
making your own TV home movies.

At ahout the same time, Sony announced that it will begin to market its video cassette system in the U.S.
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early next year. Sony’% system uses a cartridge of video tape that is played back on its player through one or
more TV receivers. The company’s playback unit will sell for around $800, while a blank 60-minute tape
cassette will cost approximately $30. Pre-recorded cassettes will be more expensive, though, depending on
the particular program offered. Sony is limiting its efforts to the industrial, educational, and institutional
markets, saying that the use of the units in the home will be “in the future.”

In the meantime, representatives from Aoco are talking about extensive additions to its library of pre-re-
corded magnetic tape cartridges for its Cartrivision system. New programs on such subjects as: the art and
sport of fishing, science for young viewers, how to enjoy the arts, and world culture, are some of the offerings.
Cartrivision representatives certainly seem to be emphasizing the home market, and they keep talking about
home movies taken on blank tape with a separate camera, and played back through the television receiver.

Dolby System for Broadcasters

Our readers are probably quite familiar with the use of the Dolby noise-reduction system in mastering
records and tapes, in home tape recorders, and in separate outboard adapters. Dolby Laboratories is now
pushing the use of its system to FM broadcasters and in FM tuners and receivers. We recently attended a
demonstration of the use of the simple Dolby-B system in a simulated FM broadecast. The normally noisy
reception one gets from a distant FM station that is transmitting stereo was just about all gone. It was almost
as though the station had increased its power output. This means that the stereo-FM broadcaster should have
greater effective coverage and be able to transmit signals with a higher dynamic range. For best results the
FM receiver should also have Dolby circuits built in. But even without these circuits, there is an improvement
in reception. On receivers without the matching circuitry, the sound appears to be treble-boosted. By simply
rolling off the treble somewhat with the treble control, the received audio is flat and noise is reduced.
However, since the system is a dynamic one, best results are obtained with the matching circuitry in the
receiver.

The system was later demonstrated at the National Association of Broadcasters in Chicago. The first FM
tuners and receivers incorporating the Dolby-B system are expected to be on sale later this year.

Audio Tape Cartridge Market Expected to Reach $1 Billion

Sales of equipment and audio tape cartridges mainly for the automobile are expected to break the billion-
dollar mark in 1971, according to Red Gentry of Motorola Automotive Products. Equipment sales will account
for half this amount; cartridge sales for the remainder. Factory and dealer installations on new cars are
running at about 5% of domestic new-car sales, with aftermarket sales estimated to be about 7 times the
original equipment installations. The home audio tape cartridge market is also beginning to grow steadily,
and this may account for one-third of the 1971 sales.

These figures were given at a recent Motorola press demonstration of its new Quad-8 tape players for autos.
These players accommodate the increasing number of 4-channel, 8-track tape cartridges that are coming into
the market. We heard a demonstration of 4-channel stereo in a car where the four separate speakers were
installed in the car’s four doors. The player had front-back and left-right balance controis. Talk ahout being
surrounded with sound!

Four-Channel Stereo Adapters

There’s some more excitement brewing in the 4-channel stereo field these days. Allied Radio Shack has
announced plans to market 4-channel hi-fi equipment under the “Stereo-4’’ name. Using the matrix system
developed by Electro-Voice, Allied will manufacture and market receivers, amplifiers, and an adapter which
will make it possible for existing equipment to play back 4-channel sound.

Not to be outdone, Lafuyette is also beginning to promote a 4-channel amplifier along with a tape-cartridge
deck. The company is also offering a 4-channel adapter, called the “Dynaquad,” under license from Dynaco,

Inc.

Upcoming NEA Annual Convention

14

The National Electronic Associations is getting ready to hold its seventh annual convention on July 12-18
at the Portland Sheraton Hotel in Portland, Oregon. Sessions are planned on business management and
association matters for the radio-TV service technicians and shop owners who will attend. Fishing trips, a
dance party, and golf are also on the agenda. If you hurry, there is still time to register and attend. Write to:
National Electronic Associations, 1309 West Market St., Indianapolis, Ind. 46222. A
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NRI “hands-on” training in
Television, Communications,
Electronics and Computers
can give you as much

as 2 years of on-the-job
experience.

NRI Communications training programs will qualify you for a First Class Commercial
Radiotelephone License issued by the FCC. If you fail to pass the FCC examinations
for this license after successfully completing an NRI Communications course we will,
on request, refund in full the tuition you have paid. This agreement is valid for the
period of your active student membership and for six months after completion of your
training. No school offers a more liberal FCC License agreement.
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Experience is still your best teacher

s !-1 S
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NRI AChieVement it is eduator-ac-

claimed and the original “starter” kit in home study train-
ing. Imitated but never duplicated, this kit is designed ard
personalized for you and your training objective. It has ome
purpose — to get you started quickly and easily.

*: a (B '\

e v -
I{feo JH 5 144

Blte'SIze TeXtS average an easily-digested
40 pages of well-illustrated, scientifically prepared sulject
matter in the course of your choice. Questions in each book
are carefully hand-graded and returned to you with helpful
instructional notes. You get unlimited personal help from the
day you enroll.

-

-

Designed-For-Learning Equipment
Like this phone-cw transmitter (Kit #7 in the Communi-
cations course) is engineered from chassis up to demonstrate
principles you must know. NRI does not use modifiad hobby
kits for training, but the finest parts money can buy, pro-
fessionally and educationally applied.
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... here’s how you get it with
unique NRI training at home

Ask any teacher, job counselor, engineer, technician
or prospective employer about the need for practical
application of theory in Electronics. He'll tell you
Electronics is as much a “hands-on” profession as
dentistry or chemistry. That’s how you learn at home
with NRI. You prove the theory you read in “bite-
size” texts, by actual experimentation with the type
of solid-state, transistor and tube circuits you’ll find
on the job today — not hardware or hobby kits. You
introduce circuit defects, analyze results, discover
quickly the kind of trouble-shooting and design tech-
niques that will make you employable in Electronics.

Train with the leader — NR/

NRI lab equipment is designed from chassis up for
effective, fascinating training — not for entertain-
ment. The fact that end results are usable, quality
products is a bonus. In Communications, for example,
you build and analyze, stage by stage, your own 25-
watt phone/cw transmitter. It’s suitable for use on
the 80-meter amateur band, if you have an interest
in ham radio. In TV-Radio Servicing your practical
training gives you your choice of monochrome or color
TV sets. All training equipment is included in the low
tuition — you pay nothing extra. Discover for your-
self the ease, excitement and value of NRI training.
Mail postage-free card today for new NRI Catalog
. . . or use the coupon below. No obligation. No
salesman will call on you. NATIONAL RADIO
INSTITUTE, Washington, D.C. 20016.

APPROVED UNDER NEW GI BILL

If you have served since January 31, 1955, or are in service
now, check GI line on postage-free card or in coupon.

MAIL THIS COUPON IF CARD IS GONE

______________________ 1
/ —
7 0| NATIONAL RADIO INSTITUTE !
/ Washington, D.C. 20016 2-071 |
i Please send me your new NRI Catalog. | understand |
I no salesman will call and there is no obligation. :
I Name Age :
: Address :
|
| City State Zip l
I [ Check for facts on new Gl Bill |
!_ ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL _}
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Increase Engine Power

Inc-ease Gas Mileage 10-20%
Reduce Engirie Maintenance
Instant Stzrt.ng in All Climates

vy | CAPACITIVE
DISCHARGE
IGNITION SYSTEM

Order Today!

o9l 5

(Easily Assembled Kit $29.95)

install in 10 minutes {(use original coil)
Distributor points last lifetime of car

Spark plugs last 3 to 10 times lenger

No changes required on timing or dwell
EXCLUSIVE buitt-in switch for change from
CD unit to standard igniticn system while
engine is running (for tune-ups, testing)

» Solid state reliability

e For 12-volt negative ground only

e 3-year guarantee

Write for Quantity Prices

PRODUCTS, INC. e»

P.0. Box 3746, Baytown, Texas 77520

Please send —_____ Model J-15 Capacitive
Discharge ignition Systems

| I
| |
| |
I CJAssembled @ $34.95 L} Kit Form @ $29.95. |
| |
| I
| I

|

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

- Name

Address
City/ State Zip

Punch clean,
true holes
In seconds.

A Greenlee chassis punch is the
quickest way yet to cut round,
square, key, D, or double-D holes in
16-gauge metal, hard rubber,
plastics, epoxy, etc. Available at
radio and electronics parts dealers.
Or write for Catalog E-730 to:
Greenlee Tool Co, 1764 Columbia
Ave., Rockford, Il. 61101.

GREENLEE TOOL CO
S

EX-CELL-O CORPORATION
CIRCLE NO.137 ON READER SERVICE PAGE

B
LETTERS

IC’s IN COLOR TV
To the Editor:

The article by Forest I{. Belt on
“Color TV for 1971 (March, 1971) isin
error in the description of the IC audio
circuits for the Heath chassis. On page
44 the author states: “The Motorola
and Heath chassis use extra audio am-
plification before the output transistor,
too. Most sound-section IC’s drive the
audio output transistor directly.”

The Heath circuit also drives the out-
put transistor by the IC directly. The
circuit does have an extra transistor
used as an emitter follower to drive the
hi-fi output. This is between the second
and third stages of the IC at the point
in the circuit where the signal is
brought out of the IC to the volume
control.

STANLEY J. BRIGGS
Trenton, Mich.

Reader Briggs is correct as far as the
Heath set is concerned. With regard to
Motorola, the statement in the article is
correct in that two driver transistors
are used between the output of the au-
dio IC and the input to the audio out-
put transistors.—Editor

PHOTOFLASH NOMOGRAMS
To the Editor:

The nomograms (Fig. 3) in the two
articles by Walter W. Schopp (“Elec-
tronic Photoflash Meter,” June, 1970;
and “Rapid-Flash,” April, 1971) do not
agree with each other.

According to the June, 1970 article
nomogram, beam candlepower sec-
onds (BCPS) can be converted to watt-
seconds (WS) by using the factor of 35
BCPS=1 WS. Conversion of the 2000
BCPS used in the example gives 57 WS
equivalent. Using the 57 WS figure in
the nomogram of the April, 1971 arti-
cle coincides with approximately 1000
BCPS and not the 2000 of the first no-
mogram.

Reference to Kodak electronic-flash
data and specifically pamphlet AC-37
gives a formula for determining a
guide number (GN) as v/ .05 X BCPS
x ASA. Using the information from
the June nomogram example of 100 for
ASA and 2000 for BCPS produces a GN
of 100. Testing this in the April, 1971
nomogram indicates a GN of about
110. Cross-checking these guide num-
bers against the Kodak AC-37 chart for

a flash of 2000 BCPS shows an ASA of
100 for GN of 100 and an ASA of 125
for GN of 110.

By dividing the WS scale of the
April, 1971 nomogram by two, one
would get a GN of about 55 for the
2000 BCPS which corresponds to the
above checks. It appears then that this
WS scale should be divided by two and
left positioned as it is.

KENNETH L.. ANDREWS
Riverside, Calif.

Following is a copy of Author
Schopp’s reply to the above letter—Ed-
itor

Dear Mr. Andrews:

Some of the problems vou seem to
have stem from the fact that you put
too much stock in light-measurement
figures that do not mean toc much to
the amateur photographer. Light is
one of the hardest things to measure.
According to what book you read, any
figure can be proven. Depending on
your particular flash tube and supply
efficiency, your supply may provide
anywhere from 10 to 50 ECPS (effec-
tive candlepower-seconds) per watt-
second. (Reference to a copy of the
General Electric ““Flash-tube Data
Manual” will substantiate this claim.)

As you can see, this conversion is a
very flexible thing and will ultimately
depend on the trial-and-error method
to eventually come up with the correct
figures. The nomogram just provides a
starting place. The nomogram appear-
ing in the April issue uses an approxi-
mation of 20 ECPS=1 watt-second,
which I believe to be a more meaning-
ful figure for the lightly loaded flash-
tube, such as the Kemlite CX2R2 used
in the “Rapid-Flash.”

In regard to your reference to the
nomogram used in the June, 1970 is-
sue, I believe you confused the ASA
number for the GN, as this nomogram
does not show any reference to GN.
Using the lines as drawn on the nomo-
gram, GN = distance in feet X “f’-stop
number. Thus, GN=10x11=110,
which agrees with the nomogram in
the April, 1971 issue and also agrees
with the Kodak “Master Photo Guide”
No. R-21.

The more I study this particular sub-
ject, the more I believe that every-
thing written on the subject was de-
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signed to confuse the layman. But one
thing is certain—it’s hard to argue with
a good exposure obtained by using the
nomogram.
WALTER W. SCHOPY
Livermore, Calif.
COLOR ORGANS
To the Editor:

In the January, 1971 issue of ErEC-
TRONICS WORLD was an article written
by Fred Holder called “Color Organs
& Strobe Lights Iknhance Music.”
While the article was informative, the
list of color organs available today did
not begin to list all of them. Here are
some more manufacturers and distrib-
utors of color organs for the author’s
(and your readers’) information:

Inc. Olson Electronics, 1nc
260 S. Forge St
Akron, Ohio 44308

Curtis Electro-Lighting
1536 S. Paulina St
Chicago. |1!. 60608

Darec Restivo Psychedelic Lighting
Box 5203 3547 Urscala St
Fulierton, Cal. 92633 Seaford, N.Y. 11783

Rotch, L
1636 Canton Ave
Milton, Mass. 02186

KAS Engirgering
Box 384
Beitsville. Md. 20705

Science Workshop
33 Cain Dr
Plaimview, N.Y. 11803

Lafayette Radio Elecironics
111 Jericho Turnpike
Syosset. N.Y . 11791

Southwest Technical Products
219 W. Rhapsody
San Antonio. Texas 78216

Lightrays
713 St
Philadelphia. Pa. 19108

Murphv K.x Technical Writers Group

) Ave Box 5994 Stare College Sia
(.(”IP’I: e N.Y 11514 Raleigh, N.C. 27607

Teletronics
Box 1266
S. Lake Tahoe. Cal. 95705

ARTHUR L. STANHOPE
Cherry Hili, N.].

As we indicated in the article, new
companies are coming inlto the field al-
most daily so that a complete listing is
practically impossible to obtain. We
tried to pick a representative sampling,
however; we thank Reader Stanhope
foradding to our list of color organ
manufacturers and distributors.—Edi-
tor

SPECIAL SECTIONS AVAILABLE

For those of our readers who might
be interested in the “Special Sections”
we have published in the past, eight of
the more recent ones (since 1967) are
still available in fairly limited quanti-
ties:

October, 1970
July, 1970
July, 1969

April, 1969
October, 1968

July, 1968

April, 1968

April, 1967
Send 25¢ for each to ELECTRONICS

WORLD Editorial Dept., One Park
Ave., New York, N. Y. [(016. A
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"Compulel Memories™
“Linear IC’s”
“Solid-State Diodes™

“Filters”

“Cables & Connectors”™

“Linear IC’s”

“Power Supplies”™

“Relays™

_ Allied Radio Shack
Brings Back a "Best Buy.”

And Now It's $19.95 Better!

The Allied © 395

e 299%
AM/FM Stereo Receiver

So nearly perfect the critics could suggest
only one way to improve it: make the
$19.95 walnut case standard. And we did.
Without adding 2 penny to the price!

Frankly, we goofed! We knew our 395 was a winner, but we weren’t prepared
for a flood of rave reviews from all the audio magazines and an enthusiatic “best
buy” rating. Suddenly we were caught with our inventories down. But now the
395 is back with every original feature intact. 19%5-watt power. FET stereoc FM.
Wideband AM. An “everything” preamp with 3 ghono inputs, a tape head input
eqgualized for 7% and 33/ ps. dual concentric bass/treble controls, plus all
the usuals. And now the luxuricus wood case is included, so0 we've beat our own
unbzaatable value! At ARS stores everywhere. Or you may order by mail — it costs
you no more!

Over 950 Stores Nationwide . . . See the Yellow Pages
B i i = e i R == il = sy I —
2725 West Tth St. e |

I L RADIO SHALK ,
Fort Warth, Texas 76107

gATAmnv QHRPORATION COMPANY
Fush me the Alled 395, stipping paid by you. | enclose [} check [Tlmoney order for 299.95.
Name {print}

Street

Apt. No m __Route No

ABOUT YOUR SUBSCRIPTION v

Your subscription toELECTRONICSWORLD
is maintained on one of the world’s most
modern efficient computer sysiems, and
if you re like 99% of our subscribers,
you'll never have any reason to complam
about your subscription service.

We have found that when complaints
do arise, the majority of them occur be-
cause peopls have written their names or
addresses differently at different times.
For example, if your subscription were
listed under “William Jones, Cedar Lane,
Middletown. Arizona,” and you were to
renew it as “Bill Jones, Cedar Lane, Mid-
dletown, Arizona,” our computer would
think that two separate subscriptions
were involved, and it would start sending

you two copies of ELECTRONICS WORLD each
month. Other examples of combinations
of names that would confuse the compu-
ter would include: John Henry Smith and
Herry Smith; and Mrs. Joseph Jones and
Mary Jones. Minor differences in addresses
can also lead to difficulties. For example,
to the computer, 100 Second St. is not
the same as 100 2nd St.

So, please, when you write us about
your subscriptior, be sure to enclose the
mailing label from the cover of the mag-
azine—or eise copy your name and ad-
dress exactly as they appear on the
mailing label. This will greatly reduce any
chance of error, and we will be able to
service your request much more quickly.
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The Booming Field in Electronics is

COMMUNICATIONS

The earth becomes smaller and outer space nearer because of the great strides
being made in communications electronics. In thousands of applications, from
two-way radio to deep space probes, specialized technicians and engineers
keep new developments coming and existing equipment operating.

Let Pathfinder School of Electronics train YOU in communications. The
dictionary defines “pathfinder” as “one who finds or opens up a way or path
...”” Pathfinder School of Electronics is a school dedicated to the purpose of
opening up a path to success in electronics—more specifically, a path to suc-
cess in communications electronics—for those who wish to break into this
amazing field ofemployment.

Pathfinder offers two different courses in communications, one of which is
sure to fit your particular need. For those who are in a hurry to get an FCC
license, we offer an 88 lesson course in FCC License Preparation. For these
who are willing to take more time and want more thorough training (complete
communications training), we offer a 210 lesson course in Communications
Engineering Technology. Both courses are prepared in detail, by experts in
electronics and education, for easy learning while you

STUDY AT HOMLE!

Mail the coupon for our free brochure, which gives complete details on the

courses offered.
Enroll Under G. 1. Bill

Both Pathfinder courses are available under the
G.IL. Bill. If you served on active duty since Jan-
uary 31, 1955, or are now in the Service, check
the box by the bottom line in the coupon.

Pathfinder School of Electronics
1509 N. Western Ave., Hollywood, Calif. 90027

Please send me your free brochure with details and
B prices of your courses in communications electronics.

r

]

]

]

]

B

: [0 I'am a beginner interested in an electronics career.
g O I have a little experience(kits or other) with elec-

. - t' . . N

U Pathfinder School of Electronics is accredited
! by the Accrediting Commission of the National
g

]

]

1

1

]

Home Study Councl.

PATHFINDER SCHOOL OF ELECTRONICS
.................... Soood 150G N. Western Ave., Hollywood, Calif.

22 ELECTRONICS WORLD

[ I am an experienced electronics technician.

NAME AGE
ADDRESS
CITY STATE yAlY
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Put More ‘“‘GO POWER’’ in

to Your Electronics Career —

WIOWVIE ARIBAD
from Technician to

BINGINIERIR

by studying at home with

GRANTHAM SCHOOL OF
ENGINEERING

“the college that comes to you”

@irantham Bchool of Engineering

bas conferred on

Fobn Boe

the degree of

ssociate in Wcience in Glectronics @ngineering

ey ull the igHts smb prindegzs thercunts sypertatning. I wunras thevest s bplowa
ulp signed 4as hern imach bp O Schusl Maemmiarrahon S cecummentanen of O

@f u._ﬁ-%tﬁﬁm&,nm
\ Aok Dy ™

Earn a 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. You can upgrade your income
and prestige by upgrading your electronics education at
the college level.

GRANTHAM’S strong-foundation educational pro-
gram in electronics engineering is designed especially
for the working technician. This program, offered mostly
by home-study, leads to non-obsolescent skills—to skills
based on reasoning—and leads to the DEGREE of Asso-
ciate in Science in Electronics Engineering (the ASEE
Degree).

This accredited degree program consists of four cor-
respondence courses of 100 lessons each—an overall total
of 400 lessons —followed by a two-week graduation sem-
inar held at the School. Upon completion of the four cor-
respondence courses, you are awarded a diploma in
Electronic Engineering. Then, upon completion of the
two-week graduation seminar, you are awarded the
ASEE Degree.

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 California to grant academic degrees.

Grantham School of Engineering

What'’s in Your Future —
The Same Old Job, or Success in Engineering?

Where will you be five years from today ? Are you headed
for real advancement in electronics, or in a rut ? The expe-
rience you have as a technician 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 math-
ematics, physics, computers, and engineering design.

The Grantham educational program in electronics engi-
neering is not for beginners. Every point is explained
just as carefully as if you were a beginner, but the impor-
tant difference is that while the beginner would need ex-
tensive laboratory training, you (as an experienced tech-
nician working with modern equipment) do not require
such training and should not waste your time doing the
same laboratory experiments that beginners must per-
form. This program in engineering is designed, written,
and taught for and to experienced technicians, and be-
ginners are not accepted for enrollment.

For complete details, mail postcard or coupon.

Grantham School of Engineering EW-7-77

1505 N. Western Ave., Hollywood, Calif. 90027

—
I |
' |
| Gentlemen: ]
I Please send me your free Bulletin which gives com- |
| plete details on the Grantham educational program ]
| leading to the Associate Degree in Electronics Engi- [
| neering, I understand no salesman will call. ]
| |
| |
| |

I
| |
| |
| I
| I

oo o o Established in 1951 o Name
%
1505 N. Western Ave. Address
Hollywood, Calif. 90027
City State Zip
Telephone:
(213) 469-7878 I have been in electronics for years. ]
July, 1971 CIRCLE NO. 138 ON nEADEn_ss_nGc_E_P;;E_ __________________ 25
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4'Cha nnel / 2 channel

top choices for the new world of sound

1730SS

An entirely new world of sound has
been created by AKATI's electronics engi-
neers who have developed a new and
sophisticated line of 4-channel surround
stereo equipment. Included in this lineare
the exciting 1730-SS 4-Channel/2-Chan-
nel Stereo Tape Recorder and the 1730D-
SS 4-Channel/2-Channel Stereo Tape
Deck. With either system, you’re com-
pletely surrounded in sound with four
speakers. .. left and right in froat,and left
and right in the rear. This system gives
you a real “sense of presence™, the feeling
of being exactly in the middle of a live
performance. Both models are designed
to be used for not only 4-channel stereo
but also 2-channel stereo as weil.

1730 D-SS/AA-6100

The 1730-SS, equipped with four built-
in pre-amplifiers, two built-in main am-
plifiers, ard two monitor speakers, is
designed for amazing versatility. It can
be used not only as a complete 2-channel
stereo tape recorder, but also as an excit-
ing 4-channel stereo tape recorder by
simply adding an extra pair of AKAI
speakers to your existing 2-channel stereo
amplifier/speaker system.

The 1730D-SS is perfectly matched with
AKAT's exclusive AA-6100 Solid State
4-Channel System Pre-Main Amplifier.
This amplifier has 80W music power for
dynamic 4-channel stereo sound and
accommodates both 4-channel and 2-
channel stereo operation.

Cross over tc 4-channel stereo and
enjoy the multidimensional sounds no
2-channel system can ever achieve.

Audio & Video

AKAl AMERICA, LTD.

2139 East Del Amo Eoulevard/Compton
California 90220 (213} 537-3880
NManufacturer

AKAI ELECTRIC CO., LTD.

P.Q. Sox 21, Tokyo Irrternational Airport, Japan

AKAI products will be available in the U.S.A. from Jlﬁgy 1 1971

CIRCLE NO. 150 ON READER SERVICE PAGE
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7 Attachments
. toYor =

By WALTER H. BUCHSBAUM

What kind of devices can be easily attached to the phone or the phone lines?
What are phone company’s specifications, requirements, and some prices?

“L_JAVLE an extension phone without paying monthly
charges™ . . . suggest the ads by dealers in used and
reconditioned phones. And they are right, it is now perfect-
ly legal and permissible to connect an extension phone, or
any of a host of other devices, to the regular telephone line.
Ever since Carterfone Company won the right to connect a
radiotelephone to the AT T network, all sorts of devices
have become available for attachment to the telephone.
Some of these are simple, like a transistor amplifier driving
a built-in speaker; others are complex, like a complete fac-
siniile transceiver unit.

Many thought that the Carterfone case would open
AT Ts lines to practically anyone with any sort of gadget.
Newspapers wrote fanciful accounts of devices that would
let you turn on home appliances by phone as you leave the
office, devices that would print newspapers in your home
during the night, and perform all sorts of other chores—all
directed over telephone lines. Most of these things are
technically feasible, but turn out to be so complex and ex-
pensive that the average subscriber would be unwilling to
pay the price. There are, however, some phone attach-
ments which are both reasonuble in cost and sufficiently
useful to assure their growing acceptance.

While the Carterfone decision makes “foreign’ or sub-
scriber-owned phone attachments legal, the phone compa-
ny still has the right to insist that such attachments not in-
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terfere with normul telephone operations, deprive the
phone company of its lawful revenue, or create a hazard to
its equipment or personnel. It is largely for these reasons
that gadgeteers are discouraged from simply connecting
their own homemade devices to the phone lines.

What You Can Attach

In theory, any device that receives and transmits infor-
mation in the band from 300 to 3000 Hz can somehow be
connected to the telephone lines. This means human voice
as well as digital data, facsimile, and slow-scan TV signals,
provided they are modulated on suitable tone signals.
Greater bandwidths are available in certain areas, but the
average telephone lines going into homes and offices are
bandwidth-limited.

The most basic attachment, that almost anyone can in-
stall, is an extension phone or bridge. This is simply another
telephone set, connected in parallel with the existing
phone. With this arrangement both phones will ring and
either phone can be used to dial calls. If two people are
using the phones, the sound levels will be reduced to ap-
proximately half. If more than two phones are connected in
parallel, the loading of the line becomes too great and spe-
cial circuits must be provided. There is nothing illegal or
wrong in buying your own phone and connecting it across
an existing phone, provided your phone meets the techni-
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Fig. 1. Flow chart showing steps taken when making a call.
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Fig. 2. Simplified circuit diagram of standard telephone set.
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Fig. 3. Typical dial-pulse pattern when dialing “3,1,2.”

cal specifications of the telephone company and does not
cause interference or degrade telephone service.

Another popular attachment is a loudspeaker and ampli-
fier system, allowing “hands-free” phone conversations and
permitting several people to participate in a phone confer-
ence. In one version the telephone handset is acoustically
coupled to the amplifier system, but in another version it is
connected directly into the voice circuits of the handset. In
this arrangement the phone can also be used as part of an
intercom system. A number of such arrangements are possi-
ble, but since they require connections directly into the
telephone set, the property of the phone company, you ei-
ther have to know exactly what you are doing or else you
have to rent a “voice coupler” from the local phone compa-
ny which will install it for you.

Commercial establishments can now purchase their own
internal switching equipment, such as manual switch-
boards, PBX’s, or special-purpose equipment, and the
phone company will rent suitable interface equipment—a
28

more complex type of coupler. Some of these installations
involve whole racks of equipment, power supplies, relays,
dialers, ringers, and tone generators, assembled to fit spe-
cific customer requirements.

Commercial customers can also rent special couplers to
connect their facsimile machines, teletypewriters, and oth-
er data terminals to the telephone network. If acoustic cou-
plers are used, the telephone company does not get in-
volved and can only charge regular voice-transmission
rates. In many applications, however, acoustic couplers are
not desirable and then direct connections, via phone-com-
pany couplers, are used.

Private subscribers most frequently want to connect an
automatic telephone answering machine to the phone and
this usually involves rental of a suitable coupler. Automatic
alarm systems, which dial the police or fire departments
and then transmit a tape-recorded message, are generally
connected through a phone-company-furnished coupler.
Radiotelephone and private-wire phone systems, which
connect to the AT T or other public network, also require
couplers and, usually, special installations.

Aside from the legal requirement that the attachment
may not disturb the telephone network, there are valid
technical and economic reasons for using company-fur-
nished and installed couplers. Initiating or receiving a
phone call involves a number of simple human functions,
such as waiting, dialing, listening, and recognizing different
signals—functions that are not as easily implemented by
automatic electronic devices. It is usually cheaper for the
individual subscriber to rent the specific coupler he needs
than to design, test, and maintain his own device. As we
shall see, the monthly rental charges are moderate.

Principles of Telephone Operation

Consider what you do when you call someone. The flow
chart of Fig. 1 illustrates the separate actions required and
we can see at once that any automatic call-initiating device
will have to contain timers, tone detectors, and logic cir-
cuits, in addition to the stored message. The device will
have to recognize a dial tone, generate the correct dial pul-
ses, recognize a busy signal as well as a ring signal and,
depending on which it receives, either go “on-hock” and
start the cycle over again or wait until the ring is answered
before it can play its message.

When the device is intended only to receive calls, some
of the complexity is reduced but, in many cases, other prob-
lems are added. Playing messages back on demand over the
phone requires the recognition of a special code, rewinding
of the tape, and resetting to the “call-receive” mode.

The basic telephone circuit for almost all phones current-
ly in use is shown in Fig. 2. When the handset is on the
cradle, the hook switch is open and only the ringer or bell is
connected across the line. There is no appreciable amount
of d.c. in the circuit and only the 20-Hz a.c. ringing signal
from the central office can reach the subscriber. C2 pro-
vides the a.c. path for the ringing signal.

With the handset off the cradle, or “off-hook,” the dialing
contact is normally closed and a d.c. connection is made,
causing the line relay at the central office to pull in and
make the connection. The hybrid coil is part transformer,
part balancing and isolating coil, arranged to split the 2-
wire line electrically so that most of the incoming sound
signal goes to the receiver (earphone) and the outgoing
sound from the transmitter (microphone) goes to the line.
Most transmitters are simple carbon-pile microphones, but
some new ones as well as all receivers are electrodynamic
devices. To prevent overloading, a varistor VR2 is shunted
across the receiver, limiting the average audio output am-
plitude. Another varistor, VR1, limits current pulses due to
the dialing contacts. Varistors change their resistance ac-
cording to the amount of current flowing through them.

The dial contains a cam and sprocket which opens then
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closes the dial contacts when the dial returns to its station-
ary position. When you dial “1,” you turn the dial a short
distance and, as it returns, the contacts are opened once for
a period ol about 60 milliseconds. The pulse train for dial-
ing the numbers “3,1,2” is shown in Fig. 3 and the different
time periods, which the telephone company expects at the
central office, are indicated. If the tolerance limits are ex-
ceederd, wrong numbers will be reached.

Another network, not shown in Fig. 2 but usually includ-
ed in the hybrid-coil assembly, is the anti-sidetone network
which limits the feedback between receiver and transmit-
ter. A small amount of sidetone is desirable because it gives
the phone a “live” sound by allowing the talker to hear
himself in the receiver, but too much sidetone causes inter-
ference.

Many modern phones contain ringer loudness. controls
and a number of additional terminals and other variations
of the basic circuit. Phones are available with selective call
buttons, extension, intercom, and buzzer signaling features.
Recently the telephone company has introduced “Touch-
Tone” dialing in some areas. These phones have transistor-
ized tone generators connected to a push-button-controlled
matrix switch and, instead of the d.c. dial pulses, a series of
tone signals is used.

What the Phone Company Can Do for You

A subscriber is not legally required to rent interface
equipment for his phone attachment from the telephone
company, but for most people it is the most practical and
economical way. The phone company will install the cou-

-pler, but you have to connect your equipment to it, thus it

. is important to know something about-the coupler. In some

instances the coupler may be easy to figure out; in others
the coupler may be quite complex, with its own power sup-
ply.

The 30-type voice coupler is used to connect voice-only
from the phone to the subscriber’s attachments, such as an
amplifier or intercom. It is essentially an audio transformer
and a phone jack. The transformer keeps d.c. out of the line
and avoids unbalance of the phone line due to a grounded
subscriber system. Included in the coupler is a set of varis-
tors to limit the voice input amplitude. The attached audio
amplifier or intercom system will have to. have a “press-to-
talk” switch, a hybrid coil, or its equivalent, to provide two-
way communications over the 2-wire line. When the “ex-
clusion key,” a white button on the cradle of the telephone
set, is lifted up, the coupler is connected to the phone line
and only then can the attachment become active. In New
York City the monthly rental for this coupler is 50 cents
and the installation charge is around $20. Prices vary slight-
ly in different parts of the country.

A much more complex coupler is offered for those who
want to have an automatic alarm system notify the police or
fire department of an emergency. This coupler, called type
CAU, SU3, or SU6 (depending on the available optional
functions), contains a one-way speech amplifier, a local
power supply, relays, and a number of control logic ele-
ments. For type CAU the subscriber’s equipment must
maintain the “off-hook™ closure for three to five seconds
before starting to generate the dial pulses. In the SU6 mod-
el and in the SU3, a dial tone is sent to the subscriber’s
equipment and must be detected there before dialing
starts.

An optional feature, available in type SU3, permits the
subscriber to call his home and test.the alarm system. He
must use a portable 1475-Hz tone generator, send that tone
over the phone to his home, and this tone is then detected
in the coupler. Passed on to the alarm device, an alarm
condition is simulated and the coupler then sends a 2125-
Hz tone back to assure the subscriber that his equipment is
on the alert.

Installation cost for this coupler is about $11.00 and the
July, 1971

2

monthly rental is $3.25 plus tax in New York City. A same-
what similar coupler, type RDL or RDM, used for automat-
ic phone-answering machines and containing two-way
speech amplifiers, rents for $3.50 plus tax, with an installa.
tion charge of $20.50.

In addition to these couplers, ATGT offers many other
models for different phone attachments and subscriber
connections. Other networks and local phone companies
have similar couplers available. Local business offices will
provide details on rental and installation costs.

If you want to design your own system to work with the
phone company’s coupler, you must know what signals the
coupler will furnish and what it will require. Table 1 shows.

(Continued on page 54)

EXCLASION KEY

CONNECTING BLOCK

More elaborate voice-connecting arrangements, types CAU, SU3, and
SU6, are also available at increased rentals from the phone company.

A good many companies are making automatic phone-answering
units which are connected directly to the phone lines,
plugged into an extension jack, or coupled acoustically to the
set’s transmitter and receiver units. Some of these have built-
in tape recorders and others require a separate recorder, such
as the Tron-Tech unit shown here with an RCA cassette recorder.
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Thirty-Kilowatt U.h.f.-TV Klystron Tube. (Top left) We are always im-
pressed with the giant transmitting tubes that are used by our broad-
castars. The one shown in our photo is no exception. It is a 30-kW
four-cavity klystron tube that is used for u.h.f. television broadcast
transmitters. Engineers are shown adjusting the tube for the exact
channel required to minimize adjustments after instaliation. A family
of three of the new klystrons cover the low, middle, and high portions
of the u.h.f. TV band. The tubes can be used in either the video or
audio power-amplifier stages of the u.h.f. TV transmitter. The tubes
are made in the RCA plant in Lancaster, Pa. Price of the new klys-
trons is $8820 each.

Side-Looking Radar Maps from the Air. (Center) You are looking at
an aerial view of the low coastal area around Port Arthur, Texas. This
is not an ordinary aerial photograph, however, but it is a picture
made by a side-looking radar system. Unlike a ohotograph, it could
have been made in daylight or total darkness, in sunny weather or
cloudy. The black areas at the tcp and bottom are water, while the
white specks in the water are ships and offshore oil rigs. The radar
systert is the same as that used for military inteiligence and mapping
in Vietnam since 1965. The manufacturer, Goodyear Aerospace
Corp., has unveiled the system for possible civilian use in such fields
as topographic mapping, geophysics, mineral exploration, oceanogra-
phy, and agriculture. Transmitting and receiving equipment are car-
ried in a plane that may be flying at extremely high altitudes and at
speeds faster than the speed of sound. The radar pulses are sent aut
to the side. Returning pulses are racorded on data film which subse-
quently undergoes chemical and optical processing to produce an
exact image of the territory surveyed. And because side-locking ra-
dar images.a wide swath of terrain on a single flight, thousands of
square miles are condensed on one strip of film. The high resolution
results from the use of the Doppler frequencies of the pulse returns
to improve their along-track or azimuth resoltution.

Closed-Circuit TV Monitors Steel Plant. (Below left) No less than 15
closed-circuit TV monitors are being used to keep watch on the pre-
gress of steel plate in the neat-treating facilities of a new steel plant in
Baytown, Texas. The new line, consisting of a hardening furnace, roli-
er quench, and a tempering furnace, has been designed to ultimately
produce heat-treated ship steels and pressure-vessel steel plates up
to 12Y, feet wide and up to 5 inches thick. Natural gas is used to fire
the heat-treating system, which is controlled through the television
monitors from the hardening furnace to the tempering furnace. Steel
plate travels 186 feet through the hardening furnace at tempera-
tures up to 1800 degrees. It is then quenched by water sprays. The
quenched plates are then moved into a tempering furnace 244 feet
long where they are heated to between 750 and 1350 degrees. After
tempering, the plates are allowed to air cool. The new plant is U. S.
Steel’s Texas Works, which will serve fabricators in the Gulf-South-
east section of the country.
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Scanning Electron Microscope Teamed with Computer. (Top right)
A scanning electron microscope (at extreme left in photo) has been
teamed with an IBM computer in an experimental configuration that

: provides immediate chemical analysis of the specimen under obser-
vation. The microscope can magnify an object more than 50,000
times compared to about 2000 times for the conventional optical
instrument. In this setup, the computer selects the electron scanning
beam locations and collects and analyzes observed signat character-
istics. Since the computer requires digital information, the analog
signals from the microscope must first be converted into this particu-
lar form before they are used.

Electronic Thermometer for Hospitais. (Center) The nurse is about
to take the temperature of her young patient with a new electronic
thermometer. The thermometer accurately records temperatures in
only 20 seconds and has a sterile disposable cover. There is no wash-
ing, sterilizing, breakage, or shake-down required. The probe uses a
thermistor for temperature measurement 2nd the meter readout unit
is not much larger than a king-size cigarette package. It operates on
two long-life 9-volt transistor-radio batteries. Price of the unit, made
by LaBarge, Inc. of St. Louis, is $140.

Low-Light TV Watches Shoppers. (Bzlow left) The nation's first po-
lice-operated low-light-level TV system designed for round-the-clock
detection was placed in operation recently in Mount Vernon’s (N.Y.)
main shopping area. The system consists of two all-weather TV cam-
eras mounted on utility poles. The pickup tubes used are so light
sensitive that they can easily detect a man one-half mile away in what
looks like almost total darkness to the eye. A wide-range automatic
brightness control protects the tubes when the scene is brightly illu-
minated. The cameras are connected to two monitors at police head-
quarters via underground cable. They can be remotely controlled
from headquarters to rotate, tilt vertically, or zoom in on any suspi-
cious person or object. Ultimately, the system will include a video
tape unit that will record all incidents “seen’ by the cameras over a
24-hour period. GTE Sylvania made the installation, which covers
1000 feet of the town’'s main business street.

Electronic lgnition Switch Foils Drunks. (Below right) When you get
into your car a few years from now, a random number may flash on a
small display screen. You get three chances to repeat that number.
You should have no trouble doing it, provided you are not too drunk
to drive. if you are successful, you can then press the Start button
and start the car. At least this is the idea behind the latest configura-
tion of Delco's Phystester ignition-interlock system. Scientific evalua-
tion is now underway and 50 of the units have been available to the
National Highway Traffic Safety Administration for evaluation in gov-
ernment vehicles. Now all we have to do is make sure the car starts
when we press the button on a cold or damp day.
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Zener Diode

Voltage-Regulator Nomograms

Fig.1. Basic circuit diagram of the zener-diode regulator.

Fig.2. This voitage-regulator design nomogram is used to
determine percentage regulation of zener supply voitage.

Fig.3. The second voltage-regulator design nomogram is used
to determine the parameters of the series limiting resistor.

Editor’s Note: Although some of
the nomograms shown in the
following article are used to
solve some fairly simple calcu-
lations, they do serve to demon-
strate the use of nomograms in
design work. In most cases, no-
mograms serve to speed up tedi-
ous, time-consuming calcula-
tions simply by the user placing
a straightedge over the scales of
the chart.

HE silicon zener diodeis the work-

horse of solid-state voltage regula-
tors and simple circuits like that of Fig.
1 are easy to design. Although the reg-
ulating action is similar to that of the
VR tube, zeners are quite tempera-
ture-sensitive so additional calculations
are necessary. Four design nomograms
have been developed that will help.
make regulator design fairly routine.

Any voltage-regulator design begins
with the load requirements and deter-
mination of the voltage variations to be
supplied to the regulator from the ba-
sic power supply. The nomogram of
Fig. 2 shows how the regulation of the
supply can be determined. First the
no-load voltage is determined analyti-
cally or measured. Then a durmnmy load
can be placed across it equal tc the full
load and the new voltage measured.
Regulation is determined by the inter-
nal resistance drop and can be ex-
pressed by the equation:

E -
- PSINLEPSEL) 100
EPS(FL)
where: R is percentage regulation,
Epsaur is output voltage of power sup-
ply with no load, Epscrr, is output volt-
age of power supply with full load, and:
EpsavL—ErsrLy = Ersar)

where: Epsar) is voltage drop across the
internal resistance of the power sup-
ply. These three voltage are shown in
Fig. 1 to the left.

The first three scales on the left of
Fig. 2 determine the numerator of the
first equation and the “Z” scales on the
right use the numerator to calculate
the regulation.

For example, if an unregulated sup-
ply furnishes 15 volts under no-load
condition and 12 volts under full dum-
my load, we have a 3-volt internal re-
sistance drop. If we draw a line be-
tween the 3-volt point to the right to a
12-volt point on the fifth scale, we
cross the Regulation scale at 25%
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By CHESTER W. YOUNG

Four design charts that can be used to simplify selection
of components for a solid-state voltage-regulator circuit.

The second nomogram (Fig. 3) takes
the next step and starts with the pow-
er-supply full-load voltage. This is com-
bined with the current requirements
of the load and the zener to determine
the series limiting resistor value. The
three scales to the left determine the
voltage drop involved and the “Z”
scales on the right determine the re-
quired resistance. Two equations are:

ER(series) = EPS(FL)—ER (load)
where: Epericsyis voltage across series-
dropping resistor, Epgpy, is voltage out-
put of the power supply under full
load, Eg(oaq) is voltage to be maintained
across the load by zener diode and:
Rseries: ER(series)/ I

where: R, is required resistance of
the series-dropping resistor and I is the
total current to be drawn under regu-
lating conditions.

For example, if we assume that we
have been designing for a load that re-
quires 10 volts at 20 milliamperes, we
enter the nomogram on the second
scale at 12 volts (our power supply full-
load voltage) and connect a line to the
first scale at the required 10-volt point.
Extending this line to the third scale on
our right we determine the voltage
drop across the resistor to be 2 volts.
The “Z” chart on the right helps deter-
mine the resistance value if the load
current (20 mA) and the zener current
(usually 10% of required load current,
2 mA) are known. In this case the total
would be 22 mA drawn through the
dropping resistor. A line extending
from the 2-volt point (3rd scale) to the
far-right scale passing through the 29-
mA point of the middle ““Z’ scale
would intersect at 91 ohrns. This solves
the fraction 2/0.022.

The selection of the series resistor is
determined by the resistance value just
calculated and the maximum current
to be drawn through it. The nomogram
in Fig. 4 determines the power (center
scale) from either of the formulas:
W=EI or W= PR, where W is power
(in watts) dissipated in either resistor or
zener diode, E s volts across resistor or
zener, and [ is current through resistor
Or zener.

For example, we have just deter-
mined the series-resistor value to be 91
ohms so we enter this on the second
scale from the left. We also know the
total load and zener current is 22 mA.
This value is entered on the second
scale from the right () at 22 mA. Join-
ing these two points with the solid line,

(Continued on page75)
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Fig.4. The third design nomogram is employed to find the
power requirements of the series resistor and zener diode.

Fig.5. This fourth nomogram is used to relate the various
zener-diode parameters in order to provide circuit trade-offs.
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Designing
Phase-Shift

Oscilllator

By JON L. TURINO

Simple, step-by-step design technique that can be used
to produce this versatile sine-wave audio oscillator.

HE phase-shift oscillator has been around a long time. It

is a versatile circuit which has a number of applications
other than its main use as a sine-wave source in the audio-
frequency range.

For the experimenter, however, there is usually one
drawback to incorporating the phase-shift oscillator in a
project—how do you design ane that will work and oscillate
at the frequency you need?

Circuit designers use a long, mathematically complex
procedure when they design a phase-shift oscillator; and
then have the circuit built and tested to determine the ac-
tual parts values and to evaluate its performance. Many use
an additional sophisticated technique unavailable to most of
us—computer aided design (CAD).

The phase-shift oscillator design procedure presented
here is a simple, straightforward, step-by-step method for
obtaining a circuit that will work when power is applied to
it. The frequency of oscillation will be within five percent
of the calculated value, and the d.c. stability of the circuit is
entirely adequate if a low-leakage silicon transistor is used
as the active element. The approximate frequency range of

Fig. 1. Schematic of general type phase-shift oscillator circuit.
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this phase-shift oscillator circuit is from 20 Hz to around 50
kHz.

Fig. 1 is the schematic of the general circuit and the de-
sign procedure used to determine the parts values is listed
in the box. Since the main stumbling block is in the first
step, a little time is devoted to determining how to specify
R, if the oscillator is to drive an amplifier or emitter-follow-
er stage, as is usually the case.

Fig. 2 shows two typical transistor stages that might be
used to isolate the oscillator from the actual load so that
variations in the load will not affect the frequency or out-
put amplitude. The input impedance of the emitter-follow-
er stage (Fig. 2A) is actually the load resistance for the oscil-
lator. Its value can be closely approximated using the for-
mula Ri,=(ReXBRe)/(Rs+BRE) where B (beta) is the for-
ward current gain cf the transistor, usually called he.. For
the stage in Fig. 2A, this value is 25k ohms.

Determining the ‘nput resistance of the amplifier stage
in Fig. 2B is slightly more complex. The effects of both Rg,
and Rgs must be taken into account, since they are actually
in parallel with the transistor input. The formula for finding
R, for the circuit of Fig. 2B is Ri,=1/(1/Rg1) + (1/Re2) +
(1/BRz).

Once the load resictance has been determined, the rest is
easy. Let’s do an actual example. Suppose we need 10 volts
r.m.s. at 5000 Hz ané the emitter-follower of Fig 2A is used
for isolation. Referring to step 1 of the design procedure,
specify By as 25k ohms and 28 V p-p across it (p-p is 2.8
times r.m.s.). The power supply (V..) must be 1.4 times 28
V, or about 40 volts. Mow set collector resistor R. to 0.2R.cr
5000 ohms.

For the stage to operate properly, the collector current
must allow about one-half the supply voltage to be dropped
across R.. Using the formula of step 4, I. will equal 40/2x
5000 or 4 mA. Now another composite parameter is need-
ed. The a.c. signal from this oscillator sees both R.and Ry in
paralle! as a resistance, Ry .. From the formula in step 5,
By .. = 4100 ohms.

In order to sustain oscillation in this circuit, the voltage
gain of the circuit must equal the loss through the phase-
shift network. This loss can be mathematically reduced to a
constant—37. Adding an eight percent “fudge factor” to
this gives us the number 40. The voltage gain in the circuit
of Fig. 1 is approximately equal to the ratio of the a.c. col-
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lector resistance (Ry, ..) to the emitter resistor, Rg, so this
relationship can be used to calculate the value of Rg. In our
example, 100 ohms is the closest standard-value resistor
that will work properly.

Now a suitable transistor must be selected. First, it must
be of a low-leakage silicon type. Second, it must have a beta
(hee) of at least 50 at the frequency at which we want the
circuit to oscillate. Third, it must have a power dissipation
of at least 40 V X 0.004 amp or 160 mW. One other impor-
tant parameter is the collector-to-emitter breakdown volt-
age. It must be at least equal to the supply voltage, and
prelerably 50% higher. For our application, the 2N930 will
work. Its beta is typically 100 all the way to 10 MHz, its
power dissipation 300 mW, and its breakdown voltage a
minimum of 50 V.

Using 8=100, calculate the base current, I, at 0.04 mA.
The formula in step 9 derives an By (ora 0f 490k ohms.
The nearest standard value of Ry, and Rypg (from steps 10
and 11) are 100k ohms and 390k ohms, respectively. Now
bypass the a.c. signal that would be fed from the collector
to the base using this bias method so that it does not reduce
the gain of the circuit. G, is the bypass capacitor and its
reactance should be less than or equal to 1000 ohms (Ryp,/
100, step 12) at 5000 Hz. A 0.033-uF capacitor does the job
effectively.

Now the R, for the oscillator stage must be determined.
This value is found using the same formula used for the
emitter-follower input resistance, with Ry, substituted for
Rg (step 13): Ri,= (100k x 100 x100)/(100k+100 x 100)
or 10k ohms. The value for the two “R” resistors in the
circuit are now known.

In order for the circuit to oscillate, the signal applied to
the base must be 180° out-of-phase with the collector signal.
Since we have three legs in our phase-shift network, each
should provide 60° of phase shift. This occurs when the ca-
pacitive reactance (X¢) of the capacitors is 1.732 times the
resistance of the "R’ resistors. Therefore, Xc must be
17.32k ohms at 5000 Hz. Using the formula C=1/27fXc,
the value 0.0018 uF is derived and the design is complete.
Fig. 3 shows the complete circuit, with parts values as-
signed. When breadboarded, it provided 30 volts p-p out-
put at 4900 Hz, very close to what was specified.

The frequency of oscillation can be trimmed to an exact
figure by adjusting the value of either “R” resistor. The
phase-shift oscillator provides a signal suitable for use as a
code-practice oscillator, a fixed-frequency audio-signal gen-
erator for testing amplifiers and other audio equipment,
and, with minor modifications, an active bandpass filter. It
can even be used to generate the sound of bongo drums by
making Ry large enough so that the circuit gain is just be-
low the point where oscillations begin. If a trigger is ap-

(A) (B)

Fig. 2. Schematic diagrams of (A} simple emitter follower
and (B) more complex circuit that might be used
to isolate the phase-shift oscillator from actual load.
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Fig. 3. The complete schematic diagram of the phass-
shift oscillator circuit constructed by the author show-
ing the values of ail of the various components used.

plied to the base of the transistor, the circuit will be
shocked into oscillations which will quickly die away.
(Three such circuits at low, medium, and high frequencies,
will create the sounds of a bass drum, a tom-tom, and a
bongo drum, respectively.)

The same gain-reducing technique (raising the value of
Rg) allows the circuit to become an active bandpass filter,
an application the author has incorporated into a five-chan-
nel stereo color organ. A

1. Specify R;, and p-p volts required across Ry
2. Specify V.. at 1.4 X p-p volts across Ry,

3. Set R. approximately equal to 0.2 R

4. Calculate I, where 1. =V../2R.

5. Calculate Ry, , ., where R o . =
(RL.XR:) /(RL+ RY)

6. Set RE:RI dc/40

7. Select transistor with beta greater than 50 and
power dissipation greater than V.. X I,

8. Calculate Iz, where Ig=1./8

DESIGN PROCEDURE

9. Ca;culste Rubtorans where Rppiomny =
(V../2)- :3':: -8Ry,

10.Set Ryp1=0.2 Ry rotan

11. Set Rpb2=0.8 Ry, (totaly

12. Set C;, so that its Xc< Ry,1/100

13. Set “R” =R;,, where R;,,—
(Robi X BRg) / (Rupi +BRx)

14. Set the Xc of “C"” equal to 1.732R

15. Calculate the required value of “C"” from
its Xc at the desired frequency
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Technicians in Britain

In the U.K. Technician Engineers are Tops

By E.A. BROMFIELD/Secretary

The Institution of Electrical and Electronics Technician Engineers

A recent authoritative survey has revealed that over one million
technician engineers and technicians will be required by 1975. The
United Kingdom is now laying the basis for their professional recognition.

N the United Kingdom, most professional engineers of all

disciplines are members of the Council of Engineering
Institutions (CEI) and are referred to as “chartered.” Until
recently it has been possible to become a chartered engi-
neer based on past experience but without having a profes-
sional degree. This is being changed and all chartered engi-
neers of the future will have to be ‘degreed engineers.

The Technician Engineer

In view of this, it has become necessary to set up a sepa-
rate title for engineers without degrees whose qualifica-
tions, training, and experience nonetheless entitle them to
be called engineers. In fact, these men outnumber char-
tered engineers by a ratio of 4:1. The generic designation
“technician” would not be suitable since it is used as indis-
criminately as the generic “engineer.” The widespread ac-
ceptance of the title “technician engineer,” however, (from
the Continental concept ingénier technicien) shows that it
has provided the long-sought compromise. This term is
used by all engineering disciplines, government depart-
ments, educational establishments, industry, and by the
Council of Engineering Institutions.

In all sectors of electrical and electronic engineering,
technician engineers are expert in the application of specif-
ic engineering techniques—whether in manufacturing, op-
erations, maintenance, or research and development work.
These non-chartered engineers carry out a wide variety of
specialized activities wherever electricity is used as a
means of power, control, and communication. Technician
engineers provide the detailed information from which en-
gineering decisions are made and influence the selection of
materials and apparatus. They obtain their academic quali-
fications—HNC (Higher National Certificate) or CGLI (Full
Technological Certificate of the City and Guilds of London
Institute)—by part-time day courses with technical college
attendance once a week, or by block-release and evenings-
only courses. (Block-release is an arrangement whereby
employers send younig employees to technical colleges for a
period of several weeks at a time, while still paying their
wages.)

With their good, near-degree academic attainment, allied
to specialist training and experience, electrical and elec-
tronics technician engineers have a distinct identity and
status. For them, career prospects have never been better
than they are today because more and more of them are
needed to occupy “kingpin” positions in every branch of
industry as well as in a managerial/supervisory role.

The Technician

The technician, also in short supply (particularly in the
36

electronics field) requires similar technical knowledge and
skills, although not quite so high, but still substantial. Many
technicians reaching the requisite technical educational
and experience levels develop into good technician engi-
neers.

A research report by the Engineering Industry Training
Board published on December 8, 1970, gives added empha-
sis to the distinction between technicians and technician
engineers. The difference “lies less in the actual activities of
the two than in the technician engineer’s greater breadth
of knowledge and wider range of activities, backed by a
higher level of attainment in further education.”

In 1967, following a request by the Government, the Na-
tional Advisory Council on Education and Commerce set
up a committee under the chairmanship of Dr. H.L. Hasle-
grave (a former vice-chancellor of the Loughborough Uni-
versity of Technology) to review the provision of courses
suitable for technicians at all levels—including correspond-
ing grades in non-technical occupations—and to consider
what changes should be made in the present structure of
courses and examinations. The Haslegrave Committee,
whose report appeared in December, 1969, concluded that
the present complex pattern should be replaced by a sim-
ple, two-tier system of certificates and diplomas, and that
national certificates and CGLI awards should be gradually
phased out. They recommended that a Technician Educa-
tion Council be established—along with a Business Educa-
tion Council for non-technical fields—to plan and regulate
the new structure, with the CGLI acting as the administer-
ing body to serve the two Councils.

There has been a widespread support within engineering
circles to setting up an Engineers Registration Board and
just at press time we have been advised that such a board
has been set up under the aegis of the CEI (Council of Engi-
neering Institutions). This Board will register all three cate-
gories: Chartered Engineer, Technician Engineer, and
Technician. It is intended that titles and designatory initials
shall be awarded under protective powers derived from the
CEI's Royal Charter. It is believed that such a comprehen-
sive, authoritative system of registration will improve the
standing of the entire U.K. engineering profession and in-
dustry, will dissipate the existing confusion over qualifica-
tions and titles, and will help to encourage more young
men to seek a career in engineering. A

(Editor’s Note: Information about technician engineering
careers in Britain’s electrical and electronics fields can be
obtained from the author, 2 Savoy Hill, London WCZR,
OBS, England.)
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The end-window (left) and the thin-wall Geiger-Mulier
(right) tube survey meters used by the author to de-
tect the level of x-radiation emitted from TV sets.

HE television receiver is a principal source of home

entertainment and information but, like many other
products, has its share of undesirable by-products. The au-
tomobile, steel mills, and power stations pollute the atmo-
sphere with their noxious exhaust gases while television re-
ceivers emit an unwanted by-product called x-radiation.
Recognized since the black-and-white television receiver
came into being in 1946, x-radiation has become more of a
problem since the advent of larger picture tubes requiring
higher voltages.

In an effort to limit x-radiation levels, present television
receivers are designed under the guidelines recommended
by Underwriters’ Laboratories and the National Council on
Radiation Protection and Measurements. With the use of
present-day radiation detection and measuring equipment,
the author feels confident that TV-receiver manufacturers
have reduced x-radiation to safe levels. Nevertheless, once
the receiver leaves the factory, x-radiation levels may be
altered if controls are improperly adjusted.

Color-TV receiver x-radiation, or x-rays as they are some-
times called, is only one source of radiation exposure with
which the average consumer may come in contact. Other
sources include: medical and dental x-rays, earthen materi-
als used in building our homes, the sun, and in certain in-
stances industrial equipment on the job.

The Radiation Control Act of January, 1970 was passed to
provide the TV viewers with as much protection from TV-
produced x-rays as possible. Standard levels set back in the
1950’s, stipulating that x-ray emission from TV receivers
must not exceed 0.5 milliroentgen per hour measured at
about 2 inches from all outside surfaces of the TV receiver
at the time of purchase, are now in effect. (A milliroentgen
is sub-multiple of the roentgen and is equal to one one-
thousandth of a roentgen. The roentgen is a quantity of x-
or gamina radiation that will produce one electrostatic unit
of ions in one cubic centimeter of air.)

X-rays Reviewed

TV x-rays are produced mainly by the picture tube
(CRT), rectifier, and high-voltage regulator tubes. Before
we go any further, a brief review of what x-rays are and
how they are produced is in order.

In 1895, a German physicist, W. C. Raentgen, discovered
penetrating rays, which he called x-rays. while experiment-
ing with the luminescence produced by cathode rays (elec-
tron emission from a cathode). Unlike nuclear alpha and
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Measuring
Color-TV
Generated
X-Rays

By J. G. ELLO/Radiation Measurements & Instrumentation
Industrial Hygiene & Safety Div., Argonne National Lab.

Types of survey instruments, comparative
characteristics, and methods of checking
color-TV receivers for excessive radiation.

beta radiation, x-rays are not affected by electrical or mag-
netic fields. When x-rays pass through air or a gas, the air or
gas has the ability to conduct electricity, that is, x-rays pro-
duce electrically charged atoms (ions). They can also stimu-
late or disintegrate living tissues. Opaque materials, such as
cardboard, wood, or books, that block visible (light) waves
are transparent to x-rays. It is the ability of x-rays to affect
the sensitive emulsion of photographic film that makes it
ideal for use in the medical field. We could say x-rays are of
the same nature as light, but with a shorter wavelength.

A basic x-ray generating circuit, in which the x-ray tube
functions as its own rectifier, is shown in Fig. 2. The second-
ary winding of transformer T'1 furnishes the filament cur-
rent for x-ray tube XT and transformer T2 furnishes the
necessary high-voltage potential between the electrodes
(cathode and anode). Once the x-ray tube is energized, its
cathode will release electrons, causing the electron stream
ES (cathode ray) to accelerate at very high speeds to the
anode. It is the impact of the swiftly moving electron
stream on the anode that produces the x-rays (secondary
emission).

Similarly, x-rays of various energies (intensities) can be
produced by electron tubes which are capable of accelerat-
ing electrons to energies of several thousand electron volts
(eV). The higher the voltage across the electrodes of the
x-ray producing tube, the higher the x-ray intensities and
the greater the penetration. Potentials at, say, 100,000 volts
across the tube electrodes will produce x-rays with pene-
trating power that would show the bones of the hand while
lower potentials, about 10,000 to 40,000 volts, produce low-
er energy rays, referred to as soft x-rays. Soft x-rays are
easily absorbed by matter and have energies below 50,000
electron volts (50 keV). Consequently, any electron tube
with the potential of accelerating electrons to energies of
several thousand electron volts can produce x-rays.

TV X-rays

Color-television receivers have been known to emit x-ray
levels in excess of 0.5 milliroentgen per hour (0.5 mR/hr). It
was also found that the amount of x-rays radiated from col-
or-TV receivers is related to the input a.c. line voltage. For
example, a five-volt increase in line voltage is capable of
increasing the x-ray level by a factor of two. As mentioned
earlier, the CRT is one of the main sources of x-rays from
color-TV receivers. Here the primary x-rays emanate from
the CRT’s faceplate. In shunt-regulator tubes, x-rays are
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generated at the anode and in high-voltage rectifiers at the
cathode (due to the reverse cycle of the sweep cycle). This
occurs when the d.c. high voltage is applied across the recti-
fier in a reversed direction; the anode is at negative high
voltage. The x-rays from the CRT’s faceplate are absorbed
somewhat by the picture tube’s glass panel and on more
recent color-TV CRT's by the steel shadow mask. X-rays
from the rectifier and shunt-regulator tubes are absorbed
by the glass envelope and the steel tube shields.

The x-rays that bypass the absorbers are of various ener-
gies, ranging from approximately 10,000 to 35,000 eV. Ap-
propriate radiological survey instruments are required to
detect and measure these x-rays. Some of these may cost
thousands of dollars, such as the pulse-height spectrometer,
or hundreds of dollars, such as battery-powered survey me-
ters. Fortunately, the techaique for identifying the TV x-
ray spectrum is known and simpler radiological survey me-
ters may be used to monitor color-TV receivers.

Since the theory behind the operation of survey meters
can be found in a number of texts, we will confine our dis-
cussion to how a survey meter can be used to spot x-rays
from color-TV receivers and which type is best for the job.

TV X-ray Energies

To determine what x-ray energies are emitted from col-
or-TV receivers, studies were conducted by taking readings
from specially adjusted color-TV receivers, using a pulse-
height scintillation spectrometer. It was found that if a 25-
inch rectangular coler picture tube were operated above
the recommended veltage, the over-all x-ray energy spec-
trum emanating from the TV receiver would be between
10 and 31 keV. The tests showed that from the face of the
picture tube, x-ray energies would range from approxi-
mately 19 to 25 keV with a peak at about 24 keV. The x-ray
energy range from the shunt regulator was about 10 to 25
keV with peaks at 12.7 and 24 keV and the high-voltage
rectifier produced x-ray energies from about 10 to 31 keV
with a peak at about 26 keV. As the high voltage increased
or decreased, so did the x-rays emitted from the TV receiv-
er. For example, when the high voltage was raised above
the recommended setting the measurable amount of x-rays
increased.

Measurable x-rays ernanating from a color-TV set can
range up to about 31 keV. Of these, the lower energy x-rays
are easily absorbed by matter such as cardboard, while orh-
er energies pass through. This is similar to a light beam
passing through a couple of sheets of tissue paper, which
absorbs a certain portion of the light. Therefore, when
measuring or detecting x-rays emanating from TV receiv-
ers, it should be kept in mind that the material from which
the detector is constructed will also absorb some of the x-
rays.

Since x-rays emanating from color-TV receivers are of

Fig. 1. (Left) Eberline Instrument Corporation’s scintillation
type and (right) Victoreem Company’s ionization chamber are
two other survey meters used to detect x-rays from TV sets.

various energy levels, an ideal detector would be one that
has a flat response to the whole energy spectrum. Unfortu-
nately, no such detector is readily available, but there are a
number of detectors which are susceptive to soft x-rays and
with proper calibration against a known x-ray source (which
is in agreement with the National Bureau of Standards), can
be used for detecting TV’s soft x-rays.

X-ray Detectors

The lead photo shows an end-window and a thin-wall
Geiger-Muller (GM) tube survey meter. The end-window
GM tube (at the left) consists of a very thin mica window
approximately 1.4 milligrams/cm? thick and with an active
area approximately 1%4" in diameter. The other GM tube
consists of a very thin aluminum cylinder approximately 30
milligrams/cm?2 thick and with an active area 2%," long.
The energy response of these two types of GM tubes is poor
for determining a dose rate. The data sheet on the thin-wall
GM tube (1B85) shows it to be sensitive down to about 10
keV while the end-window GM tube fares a little better.
One reason for a poor response is that the detection of soft
x-rays (uncharged particles) requires the production of sec-
ondary electrons. Secondary electrons produced by the soft
x-ray interactions are easily absorbed directly by the GM
tube counting gas. The efficiency of such GM tubes de-
pends on how many xrays are absorbed by the GM tube
and also how many secondary electrons reach the interior
of the detector. Accurate calibration may be difficult be-
cause of these complications, including the energy and path
of the secondary electrons. The GM-tube survey meter may
be used as a “go/no-go” instrument for localizing beams
that are emanating from color-TV receivers, such as those
from the shunt and high-voltage rectifier tubes. They also
will give an indication if excessive amounts are emanating
from the picture-tube face.

Survey meters associated with the two types of GM tubes
shown in the lead photo have three linear ranges, from 0 to
50 mR/hr. The readout consists of 0-50 microammeter and
a phone jack for aural monitoring. The meters are powered
by two carbon “D” cells with a battery life of about 300
hours.

Two other types of instruments that can be used for de-
tecting TV x-rays are shown in Fig 1 with the scintillation
type on the left and the ionization chamber on the right.
The scintillation detector has come into its own in the last
decade although scintillation is not new. It is one of the
oldest methods of detecting nuclear radiation through the
process of scintillation in a phosphorous material. With im-
provements in photomultiplier tubes, the scintillator
gained wide acceptance. The scintillation detector contains
a photomultiplier tube and a Nal (T1) crystal (sodium-iodide
activated with thallium). Such a scintillator detector would
respond to all low-energy x-rays were it not for its protec-
tive screen and opaque Mylar window, which absorbs the
very-low-energy x-rays. Other limitations on low-energy
sensitivity is the natural background from gamma and cos-
mic rays and from the thermionic current noise within the
photomultiplier tube and its associated circuits. The energy
response of the scintillator is well within the color-TV x-ray
emission range. With its protective screen removed, x-rays
down to 3 keV can be detected above the natural back-
ground. The small active area of the scintillator is ideal for
detecting narrow x-rays beams from TV sets.

The survey meter used with the scintillator detector is a
battery-powered pulse-count-rate meter with single-chan-
nel, pulse-height analyzer capability. It has three separate
channels with high-voltage adjustments. The survey meter
readout consists of a dual scale and pointers. The meter
indicates counts per minute and, with proper calibration,
the counts can be converted into mR/hr readings. Battery
life is approximately 350 hours when mercury cells are
used.
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The other type detector, is an ionization chamber. The
innization chamber is widely used in dose-rate survey me-
ters and is calibrated to read directly in mR/hr. Most bat-
Liry-operated ionization survey meters consist of vacuum-
tube electrometers. For increased sensitivity, a vibrating-
reeed electrometer is used as in the ionization meter shown.
lonization chambers are versatile in that all types of nucle-
ar radiation which produces either primary or secondary
ionization within the chamber may be detected. They may
also be constructed in various shapes. Many chambers
which have a very thin Mylar window are sensitive down to
about 4 keV depending, of course, on the detector design
and its counting circuit. Energies below 4 keV are easily
attenuated by the chamber walls and therefore cannot pen-
etrate it. Data that is available on the ionization survey me-
ter shows a relatively flat response down to about 6 keV,
which is well within the range of x-rays emanating from
malfunctioning color-TV receivers. The ionization survey
meter is battery powered utilizing 4 carbon “D” cells with
a life expectancy of approximately 100 hours. It has a range
from 0 to 300 mR/hr and is calibrated to read directly in
mR/hr,

Radiographic X-ray Film

There are other ways of detecting x-rays. One is by
means of radiographic medical x-ray film. Radiographic
film is widely used for monitoring personnel working with
or near ionizing radiation. This same principle has been
applied to monitoring color-TV sets for x-ray emission. The
film has proven useful in detecting narrow x-ray beams pro-
duced by shunt-regulator and high-voltage rectifier tubes.
The film may be packaged in various sizes and the package
may contain one or more types of film.

The film consists of an emulsion containing silver-iodide
or silver-bromide crystals imbedded in a gelatin mix which
is spread on a base support. The film is then packaged in an
opaque material. Absorption of low-energy x-rays is a prob-
lem, therefore film sensitivity depends both on the packag-
ing material and the size crystal used. The film can be
made sensitive down to the 6-keV x-ray energy range. Un-
like the other types of detectors mentioned previously, the
film needs no electronics for its ionization process. The x-
ray’s interaction with the emulsion compound causes the
release and trapping of electrons. The trapped electrons in
the crystals cause a darkening of the film during the devel-
oping process. The film response, or darkening, is propor-
tional to the intensity of the x-rays; that is, the greater the
intensity, the darker the film will get. After developing, the
film is viewed by a densitometer. Readings from the densi-
tometer are then converted into mR/hr readings. To moni-
tor a TV receiver, a film packet is attached to each side of
the TV receiver. After a proper time exposure, the film is
developed for dark clouding or images that indicate x-ray
exposure.

To sum up, at present there is no all-around survey meter
for TV x-ray monitoring. Calibration of the survey meter
must be known. Conversion to an mR/hr reading must be
certain and the accuracy of the low-level reading in the 0.5
mR/hr range must be dependable. Sensitive detectors such
as the GM detectors in the lead photo and the scintillation
detector which are energy-dependent, are quite capable of
detecting low-energy x-rays providing the energy in ques-
tion is known. They are useful in detecting small x-ray
beams such as those produced by the shunt-regulator and
high-voltage rectifier tubes. The ionization survey meter is
not suitable for beam measurements. This is because of the
large area of the ionization chamber. However, it is suitable
for measuring x-rays emanating from the face of the TV
picture tube. In the author’s opinion, an ionization-type
survey meter with interchangeable jonization chambers ac-
curately calibrated in mR/hr would be an ideal TV-moni-
toring survey meter. The scintillation detector would come
July, 1971

CATHODE ES

Fig. 2. Basic x-ray tube (XT) circuit showing how x-rays are
produced when accelerating electron stream (ES) strikes anode.
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Fig. 3. Diagram showing method used by the author for scan-
ning TV receiver for x-rays. Meter should be held no more
than 2" from all cabinet surfaces while maintaining scanning
width of 2”/scan and a scanning speed of approximately 2"/s.

second only because it is very sensitive and therefore
affected by natural background radiation. Monitoring with
radiographic x-ray film, in the author’s opinion, is too slow
for home use.

TV X-ray Surveying

Color-television receivers are designed to limit x-radia-
tion below the maximum value stated in the Radiation Con-
trol Act of January, 1970. If for some reason a TV receiver is
suspected of emitting x-rays above the maximum level. it
should be surveyed. Although as this article is being written
there is no standardized procedure for TV surveys, the fol-
lowing technique was used by the author.

Preferably, the survey should be conducted during th
daylight hours when the a.c. line voltage is highest. The:
choice of survey meters will depend on the surveyor’s abili
ty and knowledge of radiation-detection technology. The
author has used both GM and scintillation-survey meters to
survey for small x-ray beams and the ionization-type survey
meter for broad area beams such as those which might be

(Continued on page 55)
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HERE is certainly no mystique involved in testing tran-

sistors any more. Technicians and engineers know you
can check for good or bad transistors with a simple ohmme-
ter, if the internal voltage or current is not too high. Lately,
makers of volt-ohm-milliammeters have reduced ohmme-
ter voltages, and several have special