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Anyone can build
a column speaker.

We’ve built
something better.

A new Line
Radiator.

The LR4SA.

@ Column speakers fook simple. Do it yourself? Why not!

Just hammer up a long box, grab a handful of radio-sct
spcakers and a few feet of wire, and hook them up. Now
cover the tace with a couple of yards of hi-i grille cloth
and you're done. And it may cven work.

Of course it won't be perfect.
It will be very heavy.
1t won’t be weatherproof.

Tts polar patiern will be irregular — high frequency output
lobes may appear almost anywhere (with at lcast one off the cnds
or back, right where vou nced a quiet spot for a microphone).

And finally, it may sound like nothing more than a
long, narrow table radio. Or worse.

The new LR4SA Line Radiator® was designed to combat
the many ills of hit-or-miss column speaker canstruction.

Start with the housing. We use a single channel of extruded
aluminum, plus cast end caps. Very Light. Weatherproot.
Much stronger pound-for-pound than wood or stecl. With no
maintenance necded — indoors or out.

The grille is cqually unusuual. Acoustifoam”, We developed
this foam plastic 1o be completely transparent to sound —
vet act as a solid barrier 1o water!

And the LR4SA sounds better. You get solid coverage of
a wide area with flat responsc. Unwanted lobes of energy at the
backs and sides are sharply suppressed. It's quite a trick —
and very uscful to you.

1t’s accomplished in the LR4SA with very special 3"x 57
speakers. chosen for rising response, teamed with electrical filtering
that progressively rotls off highs at the ends of the column.

This “contouring™ of the responsc of every speaker is the basic
difference between column speakers and a Line Radiutor.

The next time you (ace a job that calls for a column — try
the LR4SA Line Radiator instead. Tt can make your day!

*T.M.

Specifications; Frequency Response 200 o 10,000 Hz, 80 Walts Peak Power; Dispersion 160° Horiz. 30° Vert , Net Weight 25 Ibs ; Size 48-3/8” L x 6-5/8” W x 4-7/8” D: $150.00 List ¢less narmaltrade discounts?,

* high fidelity systems and speakers » tuners, amplifiers, receivers » public address loudspeakers
microphones » phonograph needles and cartridges * organs » space and defense electronics

CIRCLE NO. 101 ON READER SERVICE CARD

ElecthoYores

Electro-Voice, Inc., Dept. 176N, 629 Cecil Street, Bucharan, Michigan 49107
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Don’t move a muscle!

This security system is so sensitive, it can be
adjusted to detect the maction of your arm turning
this page.

And if this Portable Model Unit were within 35 feet
of you and you moved. . . people up to a half-mile away
could hear the siren. Plus with optional equipment,
it can detect fire...turn on lights...even notify police.

What does a burglar alarm have to do with you?

Just this: Radar Sentry is ro ordinary alarm. It is
the most modern and effective security system avail-
able. And it’s also electronic.

That's why we need you. We need Dealers with
technical knowledge. For the most successful Dealers
for Radar Sentry Alarm are men who know electron-
ics. This is a product that sells itself when demon-
strated properly.

It's been proven time after time. In fact, many of
the more than one thousand readers of electronics
magazines who became Dealers in the past year —
sold a system on their first demonstration.

And that’s why we nzed men with technical knowl!-
edge and experience.

Men like you.

.

——

.
— e
- o

e

A

N

N

:

NN

SON

You are now in Radar Sentry Alarm’s r.f. microwave field.

How abcut it?
Do ycu want to start a business of your own...
or expand your present business with a product that in
8 years has become the world-wide leader in its field?
Do you want fo earn up to $5,000 a year in
your spare time?
Do you want 10 earn $20,000 and more full time?
We’'ll show you how.
0.K., now you czn move.
Fill out the coupon and get complete Dealer/Distributor
information... free.

} Mail to: RADAR DEVICES MANUFACTURING CORP. EW 1
: 22003 Harper Ave., St. Clair Shores, Michigan 48080

F ease tell me how | can have a business
of my own distributing Radar Sentry Alarm
Systems. | understand there is no obligation.

Address. |

1
) City State & Code
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ANEW COMPACT AUTOMATIC TURNYABLE WITH
HIGH PERFORMANCE FEATURES AT ONLY S51.50

Far fram being keved to the level of
brdger or even nieduun rriced imusic sys-
1ems, the 50 Mark I} deserves comparison
with the finzst and most cxpersive auto-
matic turntehles. s dramatic ‘'mpact ve-
gins wirth sryling .. funciional, handsome
and  beautijully coordinated. Operating

New coordinated
Garrard base, rickly
molded in ebony. with
walnut overlay.

"

features are equally impressive ... encom-
passing the latest advances in convenience
and performance. The 50 Mark 1l is one of
five new Garrard Auwtomatic Turntables.
For complimertary Comparator Guide
describing cach madel. write: Depr. 150,
Garrard, Westhury, N. Y. 11390.

Stvius force adjustment
sets tracking pressire
by slidirg a pointer ulong
the tone arm.

ot
\1

E3Y &

Lightweight plug-in shell
with precision bayonct
fitting accommuodates

alt carfridyes.

——

Cucinyg und puitse
contral lever pluces
tone arm on vr off any
groove with perfect
safety 1o record

and sivlus.

L resiliently

e
v Lighrweight, tubular
* tone arm has fized
counterbalance.
mounted.

capriean |

b,
—r—

oy iy |

Oversized turntable wfth‘/
distinctive mat and
contrasting trien ring.

WWW.americ
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THIS MONTH’S COVER
shows a grouping of hi-fi
components that symbolize
our special hi-fi features in
this issue. At the very top
of the photo is a pair of
Acoustic Research AR-4X
loudspeaker systems. Atop
one of these is a University
312 3-way 12-in loudspeak-
er. Just below these is an
Ampex 960 solid-state ster-
eo tape recorder. Below and
to the left is a Sony TTS-
3000 2-speed turntable. To
the right is the Heathkit AR-
15 stereo receiver which
uses two integrated circuits
and crystal filters in its i.f.
strip as described in a spe-
cial article in this issue. The
headphones shown are Cle-
vite stereo phones. At the
bottom of the photo is a
Fisher TFM-1000 stereo
tuner, which uses a pulse-
counting detector as de-
scribed in an article in this
iSsue. ... Cover
photo by Louis Mervar.
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Start a

Stereo System
of Unparalleled

Quality &

i
...forlessthan lg ;00
FABULOUS MUSTANG M-12T

12" 3-WAY SPEAKER SYSTEM.
A new breed of high per-
formance for whole house
sound! With 35-40,000 Hz
response; extra slim, thin
profile; exclusive front or
rear baffle mounting design;
12 15/16” dia. by 3%" deep.

——

...forlessthan %200

AWARD WINNING MODEL 6201
P

~—

12" 2-WAY SPEAKER SYSTEM.
Updated version of the
most popular true-coaxial
speaker ever made! With
axially mounted compres-
sion driven, wide - angle
reciprocating  flare horn i
tweeter; 28 to 18,500 H:z "3
response; 13" dia. by 6 %" deep.

s

.. forlessthan® 7900

AWARD WINNING MODEL 312

12" 3-WAY DIFFAXIAL SYSTEM.
The only integrated single
speaker assembly capable -
of response from 28 ﬁ
to 40,000 Hz! With high 1
compliance woofer;

e

Diffusicone mid-range; ¢ :
exclusive Sphericon TR ]
twester; integral 5 3 f
brilliance control; ¢
15%," dia. by 12" \
deep. ‘s)

L . -—
Listen to these and other fine University

speakers at your dealers today! Ask about PSE
—University’s “'master blue print” for goof-proof
planning and building of your own speaker
system. Includes many plans for
speaker enclosures designed to
deliver the very best in stereo
sound. Address inquiries to desk

LISTEN—UNIVERSITY®SOUNDS BETTER

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC. INC
9500 W. Reno Oklahoma City, Oklahoma 73101
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SPECIAL FEATURE ARTICLES ON:
Electronic Music & Instruments

Electronies World

ELECTRINC
MISICAL
s INSTRUMENTS

%

¥

Design Considerations for Electronic Guitars and Amplifiers—The electronic guitar, which

is capable of

emphasis is being shifted from volume to timbre.

producing excellent music, is undergoing a metamorphosis during which

Daniel Queen of Perma-Power dis-

cusses the development of such an instrument and its associated amplifier.

Electronic Music Composition: Circuits and Techniques—Now that more and more people
are being “exposed” to electronic music in the concert hall, on radio and TV, and at
the movies, it might be of interest to know that many of the popular electronic musical
instruments available today incorporate devices which had their origins in experiments
with electronic music. R.A. Moog provides the details.

~ The Electronic Saxophone—The new H.A. Selmer “Varitone” is an electronic saxophone
which permits the musician to create a wide range of musical effects by means of seven
controls—with such added features as volume control, resonance, and echo effects. The
special microphone and amplifier circuits for this instrument were developed by Electro-
Voice and this article discusses the design philosophy.

Design of an Electronic Guitar System—The tremendous popularity of the guitar has in-
spired Heath Company, working in conjunction with Harmony Co., a guitar maker, to
come up with a line of do-it-yourself instruments in kit form.

ELECTRONIC IGNITION SYSTEMS

An up-to-date surcey of the design consid-
erations and comparative characleristics of
conventional systems, the transistor ignition
system, and the newer capacitive-discharge
system. R Carroll analyzes the “pros”
and “cons” of the three systems and explains
their operation.
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INTEGRATED CiRCUITS

AND THE AUTOMOBILE

The adeent of 1Cs brings the day of the
“compulerized” car closer to realization.
Such a small computer could be used o
wmonitor almost all functions of both car
and engine and alert the driver (o any dun-
aerous conditions.

All these and many more inlevesting and informative articles will be yours in
the February issue of ELECTRONICS WORLD . ..

on sale January 19th.
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Be the man

first to say: “I've got
the answer right here?

who’s always
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OME DAY EVERYONE in clectronics
S may have a slide rule like this. Till
then, the man who uses one will seem
like a wizard as he solves reactance and
resonance problemsin 12 to 20 scconds
—without pencil and paper.

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

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

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

Janvary, 1967
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Deliberately underpriced. Many
men in clectronics have told us that this
unique slide rule, leather case, and 4-
lesson course casily add up to a $50
value. But we have deliberately under-

likely to consider CIE when you
decide you could usc more electronics
training.

Send for free booklet. Sec for your-
self why this amazing slide rule and

course have made such a big hit with
busy electronics men everywhere. No
obligation, of course—just an oppor-
tunity to get in on the best offer ever
made to people in electronics. Just mail
coupon, or write Cleveland Institute
of Electronics, Dept. EW-133, 1776
East 17th St., Cleveland, Ohio 44114,

priced it at less than $25. Why? Our
rcason is simple: we are looking for
men in eclectronics who are ambitious
to improve their skills...who know that
this will requirc more training. If we
can attract you with the low price of
our slide rule and course—and impress
you with its quality—you arc more
&

MAIL THIS couPON FOR FREE BOOKLET

Cleveland Institute of Electronics
1776 East 17th Street Cleveland, Ohio 44114

Please send me without charge or obligation
your booklet describing CIE Electronics Slide
Rule and Instruction Course, ALSO FREE if
1 act at once: a handy pocket-size Electronics
Data Guide.

Cleveland Institute of Electronics
1776 East 17th Street Cleveland, Ohio 44114

0 0 0 o 00 0 P O

How to Solve Electranics Problems in Seconds

With aaw Fleztreaies Slide Bule ard |

Name
{please print)
Address
City. State _Zip

Accredited Member National Home Study Council
A Leader in Electronics Training...Since 1934

EW-133

CIRCLE NO. 120 ON READER SERVICE CARD
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Fill in coupon for a FREE One Year Sub-
scription to OLSON ELECTRONICS' Fantas-
tic Value Packed Catalog — Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi‘s, and thousands
of other Electronic Values. Credit plan
available,

NAME
ADDRESS
CIty

STATE ZIP

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also

OLSDN ELECTRONICS, INC.

CIRCLE NO. 98 ON READER SERVICE CARD

Stop throwing

money away
when you
buy records.

Citadel saves you money
with low discount prices,

Here's what Citadel offers you when you

become a lifetime member:

* Over 30 000 records to choose from—on
all labels—by all artists—in all musical
categories: classical, popular, jazz, show
tunes. folk, etc

= No oblhigatory records to buy. No un
requested records sent to you. Buy as
few or as many records as you want.

s No ‘“preselected” record list. Choose
from any record in print

= A minimum discount of 35% and regu
lar discounts on the discounts. Never
any list price purchases.

e Factory fresh records, free from defects
of any sort

¢ Pramptest service. Orders often shipped
on the same day as received. Rarely
later than the next few days.

= Free Schwann Record Catalog

(We also offer all pre-recorded 4-track

stereo tapes, including auto tapes, to our

members, at lowest possible prices.) For
free details write ...

Citadel Record Club

545 Fifth Avenue,Dept.EW,New York,N.Y.10017

LETTERS
FROM OUR
READERS

AMPEX TEST TAPE
To the Editors:

I find the hi-fi test reports in your
miagazine interesting, hut I would like
to test some of my own equipment. For
this, T would like to obtain an Ampex
test tape No. 31321-04 which is used by

 Hirseli-llouck Labs. \Vhere can I pur-
chuse one of these tupes?
L. C. Litscier
Pittsfield, Muass.

The Ampex fest tapes are acailable
from local Ampex dealers who handle
the company’s  professional  products.
For cxample, the tape mentioned  in
Reader Litscher's letter is listed in the
latest Harvey Radio Co. Inc. (60 Cross-
ways Park West, Woodbury, N.Y.
11797) catalogue at a price of about $232.
Readers may also be able to obtain
other, less expensive test tapes  from
some  of the larger audio  dealers.—
LEditors.

EFFECTIVE USE
To the Editors:

This is in reference to the article
“Effective Use of the V.OM.” in the
April, 1966 issue of ELECTRONICS
WonLp. My comments pertain specifi-
cally to the last paragraph: “If the
reading is taken at the high-resistance
end of the olins scale, the over-all er-
ror expressed as a percentage becomes
even greater. Therefore, all resistance
measurements should he made using

OF v.0.M.

the lowest resistance portion of the
scale whenever possible.”
This  paragraph appears to imply

that the most accurate resistance mea-
surements should be made toward the
low-reading end of the resistance scale.

Using a divider set for a 3° meter
error and repeating the example given
on p. 83 for the following precision re-
sistor values, | obtained the following

results:

Prec. Res. 3° Meter Error (ohms)

Val. (ohms)  Upper Lim. Lower Lim.  Result {ohms)
4 4.6+ 34— 0.6in4=15%
1 1.4 0.6 0.4 in 1=40%

From the results obtained, it can be
concluded that the percentage error in-
creases as precision resistor values low-
er than the eter’s mid-scale value are
measurcd. Therefore, the last sentence

of the article would be more explicit if
it were changed to read. “Therefore, all
resistance  measurements  should  be
made using the lowest resistance por-
tion of the scale, with the most accu-
rate readings occurring at mid-scale;
for voltage measurements, the most
accurate readings occur at full scale.

GEORGE A, PriLAcTOS

Installation Engrg. Practices

Western Electric Co.

New York, N.Y.

* w0 %

TRANSISTOR FAILURE PREDICTION
To the Editors:

It seems to me that both George
ITrischenko’s letter and vour reply in
the October, 1966 issue of ELECTRON-
1cs Worep indicate a misunderstand-
ing of transistor failure prediction as
developed by the National Bureau of
Standards. First of all, a great many
transistors have storage temperatures in
excess of 100° C. In fact, many have
junction operating temperatures of
100° C or greater. Thus, storage at
100° C generally will not be destruc-
tive, contrary to the opinion of Mr.
Hrischenko.

Second, the purpose of the test is to
sort transistors. The result of the tests
conducted at the National Bureau of
Standards was that germanium alloy
transistors whose leakage current in-
creases by at least 1.6 times after being
stored at 100° C for 1000 hows were
found to also fail early in regular use.
Thus, this test offers one means of
sorting out individual transistors, not
transistor types, which are apt to fail
curly under ordinary use. And this
would be a test to run on transistors
before being installed in equipment.

Jarzes Vax Ornus
Scottsdale, Ariz.
THE HAM AS ENGINEER
To the Editors:

This is in reference to John Frye’s
column in your August, 1966 issue on
“Predicting  Academic  Success.” The
ffth paragraph on p. 31 irks me as a
licensed radio amateur since 1922 and
a traffic man since 1948.

Mr. Frve has Barney say, “The rag-
chewing, traffic-handling, plug-in ap-

(Continued on page 12)
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When you've got a reputa-
tion as a leader in transistor
technology, you don’t intro-
duce a transistor amplifier
that is like someone else’s. We
didn’t. The new Sony TA-1120
integrated stereo amplifier is the
case in point. We considered the
few remaining shortcomings that
have kept today’s transistor amplifi-
ers from achieving the quality of
performance of the best tube amplifi-
2rs and set out to solve them. To do it,
we even had to invent new types of
transistors. The result: the first truly great
solid-state stereo amplifier.

Distortion is lower than in the finest tube
amplifiers at ali frequencies and power levels.
Signal-to-noise ratio: better than 110 db.
Damping factor is extraordinarily high (140 at
16 ohmsi. Frequency response: prdctlcally flat
from 10 to 100,000 HZ ( +0 db/—1 db). Plenty of
power, too {120 watts THF at 8 ohms, both channels).
With an amplifier as good as this, the preamp
section has z great deal to live up to. It does, mag-
" nificently! Solid-state silicon circuitry throughout
e coupled with an ingenious design achieve the lowest
possible distortion. Sensible arrangement of front panel
controls offers the greatest versatility and ease of opera-

tion with any program source.
Finally, to protect your investment in this superb
instrument, an advanced SCR (silicon-controlled rectifier)
circuit prevents possible damage to the power transistors

due to accidental shorting of the outputs. ’

The Sony TA-1120 stereo amplifier/preamp at $399.50 and
the TA-3120 stereo power amplifier. $249.50 are available at a
select graup of high fidelity specialists who love and cherish
! them. And will get as much enjoyment out of demonstrating them
as you will from their performance. So visit your dedicated Sony
high fidelity dealer and enjoy. Prices suggested list. Sony Corpora-
tion of America Dept. H 4747 Van Dam St. L.1.C., N.Y. 11101,

With so many fine amplifiers
u first had to be somethmg special.

WWW.american
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Discover the ease
and excitement of NRIl's

S

DIMIENSIONIAL

D |

MIETTRO

of ELECTRONICS
TV-RADIO TRAINING

10 HOME-STUDY PLANS TO CHOOSE FROM

Ask men whose judgment you respect about
NRI's three dimensional method of home-
study training. Ask about the new, remarkable
NRI Achievement Kit. Ask about NRI custom-
designed training equipment, programmed
for the training of your choice to make Elec-
tronics come alive in an exciting, absorbing,
practical way. Ask about NRI “‘bite-size"” texts,
as direct and easy to read as 50 years of
teaching experience can make them. Achieve-
ment Kit . . . training equipment . . . bite-size
texts . . . the three dimensions of home-study
training; the essentials you must have to make

OVER 50 YEARS OF LEADERSHIP

learning easier, more interesting, more mean-
ingful. You get them all from NRI.

Whatever your interest . . . whatever your
need . .. whatever your education . . . pick the
field of your choice from NRI's 10 instruction
plans and mail the postage free card today
for your free NRI catalog. Discover just how
easy and exciting the NRI 3-DIMENSIONAL
METHOD of training at home can be. Do it
today. NATIONAL RADIO INSTITUTE, Elec-
tronics Division, Washington, D.C. 20016,

BEGIN NOW AN ABSORBING
ADVENTURE—LEARN ELECTRONICS
THE EASY NRI WAY—MAIL CARD TODAY

IN ELECTRONICS TRAINING

ELECTRONICS WORLD
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SEAVILING

Start Fast with NRI's New
Remarkable Achievement Kit

The day you enroll with NRI this new starter kit £ -
is on its way to you. Everything you need to make = c R semvicima
a significant start in the Electronics field of your o
choice is delivered to your door. it's an out-
standing way of introducing you to NRI training
methods . . . an unparalleled “first dimension”
that opens the way to new discoveries, new knowl-
edge, new opportunity. The Achievement Kit is
worth many times the small payment required
to start your training. No other school has any-
thing like it. Find out more about the NRI
Achievement Kit. Mail the postage-free card today.

NRI “Bite-Size'’ Lesson Texts
Program Your Training

Certainly, lesson texts are a necessary part of
any training program . . . but only a part. NRl's
“bite-size’’ texts are simple, direct, well illus-
trated, and carefully programmed to relate things
you read about to training equipment you build.
Here is the ‘'second dimension” in NRi's training
method. Here are the fundamental laws of elec-
tronics, the theory, the training of your choice,
presented in a manner you'll appreciate. And in
addition to lesson texts, NRI courses include
valuable Reference Texts related to the subjects
you study, the field of most interest to you.

Custom-Designed Training Kits
Make Learning Come Alive

Electronics becomes a clear and understandable
force under your control as you build, experiment,
explore, discover. Here is the ‘“‘third dimension'’
...the practical demonstration of things you read
about in NRI texts. NRi pioneered and perfected
the use of training kits to aid in learning at home.
NRI invites comparison with equipment offered by
any other school, at any price. Prove to yourself
what 750,000 NRI students could tell you ... that
you get more for your money from NRI than from
anyotherhome-study Radio-TV, Electronics school.
Mail postage free card for your NRI catalog. (No
salesman will call.)

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

Janvary, 1967 11
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With all the
field offices

we have

you can
build a

great futu
just about
anywhere.

You don’'t need a degree to get in
on this fine career opportunity in
computer technology. You do need
a grasp of electronics and electro-
mechanical fundamentals which
might have been gained through
such military training as: weapons
control systems, radar, sonar, radio
maintenance—and a strong ambi-
tion to build a real future.

Here's how we do it at UNIVAC.

For one thing, we'll teach you all
about computers. How they work,
and why. How to install and main-
tain them. By the time you're fin-
ished with our training program
you're a top notch, all round expert,
fully equipped to handle any prob-
lems you’'ll encounter. And all the
time you're learning you're on the
payroll,

12

Now, when you're ready to show
what you can do, we'll assign you to
one of our field offices. With the
kind of growth you'd expect from
UNIVAC, you'll find them every-
where in the nation, and overseas.
Covering a full range of assign-
ments. Of course, you come in
under our comprehensive benefits
program. And with the way we re-
ward technical ability and initiative,
a good man can really go far.

Interested candidates are invited
to write Manager of Field Adminis-
tration, UNIVAC, P. 0. Box 8100,
Phitadelphia, Pa.

UNIVAC

DIVISIONOFSPEARRY RAND CORPORATION

An Equal Opportunity Employer

www.americanradiohistorv.com

(Continued from page G)
pliance operator . . . may or mav not
make an engincer: but his ham activ-
ity is useless as an indicator.”

At age 61, T am still an avid traflic
man; [ run a cw. net seven days a
week on 7140 kHz which I took over
in 1961 from one of the greatest traffic
men ever—Benton White, W4PL, of
Chattanooga, Tennessee, who is now
deceased.

I have a good knowledge of the type
of voung men who are in the traffic
nets. Thev are “savyvy” on traffic and
know what their own equipment does.
My rig is home-built, but if T had to
move, I would select some good manu-
factured gear. Tt is not the gear that
makes one a traffic handler; it is the
will to work, to meet schedules, to
know the code well, to be able to re-
ceive undev difficulties, and to wuse
courtesy with others. This discipline
traffic men receive on the nets, and the
guidance they get from us old-timers
prepares them for college engiieering
courses much more than any help they
might get from their buddies who
very often waste their time on unpro-
ductive things.

For the most part, 1 like Mr. Frve's
approaches but T disagree with him on
this matter.

Crirr Erickson, WEDAL
Cleveland Heights, Ohio
* * *

CALCULATING RESISTOR VALUES
To the Editors:

I would like to call your attention to
the similarities between the brief item
entitled “Calculating Parallel Resistor
Values” in your October, 1966 issue
(p. 60) and an item published in the
February, 1966 issue of Electronic De-
sign magazine entitled “Slide-Rule Pro-
cedure Directly Yields Equivalent Re-
sistances.”

I originally developed this procedure
for solving circuit analvsis problems
with the slide rule approximately four
vears ago and submitted it to Elcc-
tronic Design on August 30, 1965; this
article subsequently won the “Best of
Issue, Ideas for Design Award.”

Axprew M, Crao
Design Engr.
Bendix-Pacific Div.
North Hollywood, Calif.

In February of last year, we received
a letter form Mr. Loui, who is our au-
thor, bringing our attention to the arti-
cle in Electronic Design. IHis letter in-
dicated that he, too, had conceiced
and recorded this idea at an earlicr
date. It is certainly difficudt for us to
know who came upon the idea first.
We are more inclined to believe that in
a field such as ours, it is not at all
uncommon for several indiciduals to
come upon fairly similar ideas while
working independently.—Editors A

ELECTRONICS WORLD
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FINCO-AX/IAL
COLOR-HIT

\
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$$$$$$

FINCO-AXIAL
COLOR-KIT,
Model 7512 AB

High performance Indoor and

complete
color TV
reception

Outdoor Matching Transformers
convert old-fashioned and inef-
ficient 300 ohm hook-ups to the
new Finco-Axial 75 ohm color

reception system.

List price for complete kit . . .
IS 2AB ey g wns o $8.95

7512-A  Mast mounted match-
ing transformer . . . list $5.40

7512-B TV Set mounted match-
ing transformer . . . list $4.15

FINCO-AXIAL

SHIELDED For the best color TV picture
COLOR CABLE, eliminates color-fade, ghostirg and smearing!

CX Series Improves FM and Stereo, toc!

Highest quality, 75 ohm swept

coaxial cable (RG59/U) com- QUICK, EASY INSTALLATION

plete with Type F fittings, weath-  ENJOVY brilliant ““TV-Studio™ color reception today by changing
er boot ready for installation. over to the new Finco-Axial Color Reception System. NOW,
Available in 25, 50, 75 and 100 color tade, ghosts and smears are a thing of the past. Finco-Axial
foot lengths. List price . . . $5.55,  Shields color sets against signal loss . . . eliminates outside
$8.65, $11.50 and $14.20. interference and mismatch problems.

Write for Color Brochure # 20-349

THE FINNEY COMPANY 34 WEST INTERSTATE STREET, DEPT. 410, BEDFORD, OHI0

CIRCLE ND. 113 ON READER SERVICE CARD
January, 1967 13
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REPORT

HI-KT PRODUCT

TESTED BY HIRSCII-HOUCK LABS

Sony TA-1120 Integrated Amplifier
BSR McDonald 500 Automatic Turntable

Sony TA-1120 Integrated Amplifier

For copy of manufacturer’s brochure, circle No. 31 on Reader Service Card.

HE  Sony  Corporation,
known for its broad line

widely
of small
transistor radios and tape recorders, has
entered the hi-fi component field with
a line of unusually sophisticated, high-

quality instruments. Perhaps foremost
among these is the integrated sterco
amplifier, Model TA-1120.

Obvioush aimed at the most de-
manding  aundiophiles,  the  TA-1120
shows evidence of considerable origi-
nal thinking and a  determination  to
produce a “no-compromise” wmplifier.
The manufacturer has, in general, been
highly successtul in its eflorts. The
TA-1120 uses 46 silicon  transistors
and 23 diodes, with all the transistors
of the company’s own muanufacture and,
in many cases, specifically designed for
high-quality audio applications.

The amplifier is rated at 50 watts

continuous  output  per  channel  into
S-ohm Joads. IHarmonic distortion is
rated at less than 0.17 for all power
levels up to maximum rated, at 1000
Hz Over the entire 20-11z to 20-kHz
band, the distortion is rated at less
than 0.5% at 50 watts output (= 0.5 dB).
The TA-1120 has a damping factor of
T0. 1t will deliver about 35 watts to
16-ohm speakers, and is not rated for
use with 4-ohm speukers. If electro-
static speakers are used, a 2-ohm re-
sistor must be pluced in series with
each speaker to prevent excessive load-
ing of the amplifier at high frequencies.

The volume control, halunce control,
and mode-selector switeh are conven-
tional in their operation. The mode
selector provides stereo, reversed-chan-
nel stereo, left or right channels through
both speakers, and a summed output

for mono reproduction. The input se-
lector is vmusnal, consisting of a three-
position lever switch und a four-posi-
tion rotary switch. In the upper posi-
tion of the lever switch, the tuner
inputs are connected, and in its lower
position a phono cartridge with an
output of 3 to 20 millivolts is con-
nected. In o the center position,  the
rotary switch comes into use, selecting
from a microphone, tape head, phono,
or auxiliary inputs. The second phono
input is used for low-outpnut cartridees,
with outputs of 1 to 5 millivolts, such
as the Sony VC-8E moving-coil car-
tridge.

This two-part input selector svstemn
makes it easy to switch among any
three commonly used inputs without
having to pass through a number of
undesired inputs. Most users, employ-
ing only tuner and phono inputs, will
onlv liave to use the lever switch,

The tone controls are of the step
type, with five boost and five cut posi-
tions, plus a flat setting for both bass
and treble controls. A lever switeh per-
mits canceling the tone-control settings
for the Hattest over-all response. Two
other lever switches control high- and
low-cut filters with 12 dB/octave slopes
above 9 kHz and Dbelow 50 Tz An-
other lever switch connects the ampli-
fier for monitoring from a three-head
tupe recorder while making recordings,
while another lever switch controls the
power that is applied to the amplifier

Bty SONY Ta-1120 Ry SONY TA-1120
BOTH CHANNELS DRIVEN BOTH CHANNELS DRIVEN
80 LOADS, 120V.A C LINE 80 LOADS, 120V.4.C.LINE
50 (ONE CHANNEL MEASURED) so| (ONE CHANNEL MEASURED)
; REF-POWER QUTPUT (50W) : kM2 TOOTAL H(ARM], DI%T. Y
====60/7000 Hz {(4:1] IM DIST,
'g AR
¢ VvV N .
] \ z
z 20 2.0
3 P )
= T2 T @ 4
= =i w
s CLIPPING LEVEL Tl D i
E‘ 1.0 ™ z 1.0 3§
5 S
o 3
3 2
S os w05
x o
<
x
o
<
=
Loz 0.2
DISTORTION LESS THAN 0 1% AT 45SWATTS AND UNDER DISTORTION LESS THAN Q1% AT 4SWATTS AND UNDER
0.1 ol
20 50 100 200 500 Ik 2k 5k 10k 20k A 2 5 ] 2 5 10 20 50 100
FREQUENCY - Hz CONTINUOUS(EQUIV.) SINE-WAVE POWER OUTPUT PER CHANNEL—WATTS
14 ELECTRONICS WORLD
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the
only

comprehensive

guide

to consumer
electronics
servicing!

If you're in consumer electronics servicing,
you know that keeping up with this jet-
paced field is no pushover. There are man-
uals to be bought. Journals to be read.
Experiments to be tried. Techniques to be
learned. Day in, day out. No doubt about it,
staying on-the-ball in electronics takes time,
effort and money.

Or at least it used to.

Now there's a much easier way. The 1967
ELECTRONICS INSTALLATION & SERVIC-
ING HANDBOOK. A single, comprehensive
guide to every major phase of consumer
electronics servicing, Over 132 pages of
all the latest electronics information you
want and need to know. From TV to CB to
PA to AM/FM. From home intercoms to
auto stereo tape cartridge units. Eight com-
plete, authoritative chapters in all!

This handy, on-the-bench reference volume
will lead you straight to the facts you need,
when you need them presented in a crisp,
concise manner that's easily understood by
the novice, yet thorough enough to answer
the professional’'s most complex question.
Whether you earn your living by servicing

. supplement your salary by servicing
part-time . . . or are an active hobbyist who
services just for the fun of it.. . the 1967
ELECTRONICS INSTALLATION & SERVIC-
ING HANDBOOK is one ‘“tool of the trade”
you can’t afford not to have.

ELECTRONICS
INSTALLATION

& SERVICING
HANDBOOK- 1967

SIMPLIFIED TECHNIQUES
SAVE

TIME AND MONEY

STEREOQ/ HI-FI
AUTOMOTIVE
PUBLIC ADDRESS
TV-CB-FM
ANTEMNAS
INTERCOMS

PLUS:

COLOR TV SECTIGI‘
AT TRUE COLD i
PLUS:

HOW TO INSTALL
STEREO TAPE

IN YOUR CAR

PLUS:
TOOLS and TES
EQUIPMENT SUM

THE 1967 ELEGTRONIGS  INSTALLATION & SERVIGING HANI]BI]I]K

Order your copy today! 0n|y$

Get the Handsome Leatherflex-
Covered Edition for $3 Postpaid!

The 1967 ELECTRONICS
INSTALLATION & SERVICING
HANDBOQOK is alse available in

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

the order form.

January, 1967

ZIff Davis Service Division, Dept. ISH

589 Broadway, New York, N.Y. 10012

] Please send my copy of the 1967 ELECTRONICS INSTALLATION & SERVICING
HANDBOOK as checked below: | am enclosing $1.25 plus 15c for shipping and
handling for the Regular Edition. ($1.75 for orders outside U.S.A.)

[0 | am enclosing $3.00. Please send me, postpaid, the Leatherflex-covered Deluxe
Edition, ($3.75 for orders outside’ U.S.A.) (Please allow 3 additional weeks for
delivery of the Deluxe Edition.)

name
(PLEASE PRINT) -

state Zip code

T g S S GEED SN SRS GHED SN GENSS R SN GHED GEED G GHED SN GHND SN GHED MM S GHED GHED SN G S ]
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WORTH
WAITING
FOR!

Complete specifications
are available on request.

DYNACO INC.

3912 POWELTON AVENUE,
PHILADELPHIA, PA. 19104

CIRCLE NO. 116 ON READER SERVICE CARD
16

along with its two switched a.c. outlets.

The Sony engineers have developed
a transistor-protection circuit which is
completely elfective and foolproof. Tf
excessive current is drawn by the out-
put transistors due to a short-circuit,
overdriving, or any other cause, a
silicon controlled rectifier circuit in-
stantly removes the driver supply volt-
ages and extinguishes a green light on
the panel of the amplifier. When this
happens, the amplifier power switch
should be shut off, and after a wait of
about 3 seconds, turning it on will put
the amplifier back into service.

Another unconventional  feature is
the separation between preamplifier
and power-amplifier sections. They are
electrically isolated, with short jumper
cables in the rear bridging the pre-
amplifier outputs to the power-ampli-
fier inputs. This allows the use of an
electronic crossover network between
the preamiplifier and power amplifier,
using external power amplifiers for the
added speaker channels. Sony also sup-
plies the basic power amplifier section
of this amplifier as a separate unit
(Model 3120) so that the same type
of amplifier can be used for all speak-
ers if desired.

Our luboratory measurements con-
firmed the impressive claims made for
the TA-1120. Below approximately 45
watts output (with both channels driv-
en through the preamp section), the
distortion was less thun 0.1% and in
general was unmeasurable with our in-
struments whiclhi have w residual dis-
tortion of about 0.07%. This extremely
low distortion reading was obtained
at all power levels from 0.1 watt up,
and from 20 to 20,000 Hz. Into 16-
ohm loads the output was slightly over
30 watts per channel, with similarly
low distortion. Although it is not rated
for 4-ohm loads, we tried the TA-1120
with 4-ohm loads and measured about

60 watts per channel at 1% distortion,
and less than 0.2% distortion at 50
watts.

We drove the amplifier to saturation,
at which point it delivers some 100
watts per chaunel, and considerable
time was required for the safety cir-
cuit to trip. \We repeatedly shorted the
outputs under full power conditions
and in every case the safety was
tripped without damage to the tran-
sistors. Indeed we found the unit to be
practically indestructible.

The frequency response was flat
within 0.5 dB from 80 to 20,000 Hz,
rolling off to —3 dB at 20 Hz. This is
a deliberate roll-off to protect speakers
against damage from the very high
power output of the amplifier, which is
available at frequencies well helow 20
Hz. The filters are fairly effective, with
little effect on program material. The
RIAA phono equalization was nearly
perfect, measuring from =+ 0.3 dB
from 30 to 20,000 Hz. The NAB tape
playback equalization  was  accurate
within = 0.3 dB from 150 to 20,000
Hz, rising slightly to 42 dB in the
40- to 50-Hz region.

Hum and noise were inaudible,
measuring 63 dB below 10 watts on
phono inputs and about 80 dB below
10 watts on high-level inputs. The
phono gain is very high, with only 0.7
millivolt needed to drive it to 10 watts
output.

The listening quality of the ampli-
fier was as superb as its measurements
would suggest. At no time is one aware
of any characteristics of the amplifier,
due to its dead silent background, free-
dom from switching transients, and
tremendous reserve power. Its distor-
tion-free performance, attractive styl-
ing, operating Hexibility, and apparent
indestructibility earn it a place in the
top ranks of stereo amplifiers. The
Sony TA-1120 is priced at $399.50. A

BSR McDonald 500 Automatic Turntable

For copy of manufacturer’s brochure, circle No. 32 on Reader’s Service Card.

N recent vears there has heen a trend
toward elaborate, expensive record

changers which match the perfor-
mance of some of the finest manual
turntables.  With this upgrading in
quality has come an increase in price,
to the point where most ol the top-

www.americanradiohistorv.com

quality “automatic turntables” cost as
much as or more than the manual turn-
tables with which thev compete.

A welcome reversal of this trend has
appeared in the form of the BSR Mc-
Donald 500 automatic turntable. Priced
with the least expensive record chang-
ers. the BSR 300 has many of the fea-
tures heretofore found only in the more
expensive plavers. Among these fea-
tures are a low-mass tubular arm witl
an adjustable counterweight which bal-
ances it horizontally and vertically, a
calibrated dial for setting tracking
forces from 1 to 6 grams, a cuing lever,
and provision for manual playing of
single records.

The unit is a four-speed machine,

(Continued on page 80)

ELECTRONICS WORLD
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SOUND FOR
A PICTURE
EVENING

( and your audience, too! )

WITH VOLUME II

SOUND FOR
A PICTURE
EVENING

30 bands of unusual
background music
& sound effects

ioiasciolicdo o Laliolalo §alo ko ko fiofioiooiolcolcHallsH

| sezoscoEoERPECEEEE0EDEDEENEOGEATaaE eBED

. )

. . specially chosen for &

. This superb 1_2-mch, 3313 er record slide shows & movies &
brings you 30 selections of sparkling, mood- =
setting off-beat music and hard-to-find, oTotolololoTofotelololofolotol s ToleRolo ToteTo lefolal-fodofale U RIOIICHS
——

sound effects. For use “as is”’ by playing
the appropriate tracks as your slide or movie
show proceeds or for editing your selections
and recording them on tape, “Sound For
A Picture Evening” adds another dimen-
sion to your photography—high
fidelity sound.

19 Banda of mood and
'l'ecslu’-ddm o MU

77 Bands of wnwonal. /Zawl—n-fm'é

MADE WITH PHOTOGRAPHERS IN MIND

Photographers are travelers . . . are parents . . . are sportsmen . . . are
restless experimenters with the unusual. And so the editors of POPULAR
PHOTOGRAPHY have produced this secord volume of unusual music and
sound effects expressly to match the activities and moods in the most
popular types of pictures shown in siide and home movie shows. These are
melodies and sounds selected from the vast resources of the Capitol Record
Hollywood Library to fit the special needs of photographers. The 30 bands
of ““Sound For A Picture Evening, Vol. II"" supplement but do not duplicate

sound effecte -
COMPLETE WITH INSTRUC-

TIONS AND BAND POINTER F R E E

A comprehensive instruction booklet comes with your record,
showing you how to make a successful sound-and-music tape
track for your slide or movie show, or to use the record alone as
background, even if you're a rank beginner. An ingenious band
pointer which fits on top of your record instantly locates any
band you want. No guessing, no wasted motion, no false starts.

any of those in the first edition of this popular record.

A POPULAR PHOTOGRAPHY EXCLUSIVE

The ‘‘Sound For A Picture Evening, Vol. Il album has been produced by
the editors of POPULAR PHOTOGRAPHY exclusively for our readers and is
prepared by the Custom Services Division of Capitol Records. This outstand-
ing album, which cannot be purchased in any store, is available by mail
only to the readers of Popular Photography and other Ziff-Davis magazines.

YOU GET 30 SPECIAL MUSIC AND SOUND TRACKS
11 bands of

This 12” long playing vinyl album consisting of selections from
the music masters of the Capitol Record Hollywood Library is

available to you for
Oﬂly $3 ?8 POSTPAID!

It's a must for every slide and film show impresario and an
album you will enjoy tor many years to come.

There are 19 bands of mood and special-situation music . . .
unusual, hard-to-find sound effects.

MOODS: Majestic. Backyard Nature, Experimental, Mysterious, Music of the
Spheres + NATIONAL PORTRAITS: Vive la France, German Village Band,
Soul of Spain, American West, English Countryside, Buon Giorno, Italia -

SOUND EFFECTS: Bass Drum, Bassoonery, Cathedral Bells, Galloping .
Horses, Zoo Noises, Children at Play, Cocktail Party, Birds on a Spring albums at $3.98 each. postpaid. My check (or money order) for
Morning, Outboard Motor, Oars in Water, Skis on Snow, Trumpet Fanfare, 5. ____is enclosed. (Outside U.S.A. please send $5.00
Solo Violin = SPECIAL PURPOSE MUSIC: Music From Silent Movies, Music

for Slow-Motion Movies, Music for Speeded-Up Motion, Music for Stop- per record ordered.)

‘‘Sound For A Picture Evening, Volume {}J’*
Popular Photography, Dept. SD
One Park Avenue, New York, N.Y. 10016

Please send “'Sound For A Picture Evening. Volume 1"

Motion Movies, Underwater Music, Music for Old-Time Footage.

For photographers with wanderlust, you'll find the ‘"National Portraits’ to be
authentic melodies to go with your vacation pictures of England, France,
Germany, italy, Spain and the American West.

There are also those special bands to accompany the kind of pictures sports-
men take: The sound of galloping horses, of boat motors, of skis on snow,
of oars in the water. You'll even find other-worldly mood-music chosen espe-
cially to go with underwater pictures.

Experimental photographers will find the electronic music ideal accompani-
ment for abstract pictures. The music for stop-motion, slow-motion and
speeded-up-motion pictures is fanciful and imaginative in helping to present
the unusual scenes being portrayed on your screen. And there is even mood
music to convey the visual grandeur of ancient museum relics and photo-
graphs of the stars and planets.

To these add many other tracks of carefully selected music and sounds—
and you have “‘Sound For A Picture Evening, Volume 11.”’

Janvary, 1967

N.Y. State residents please add loca! sales tax.
Name ————

Address —

City State Zip Code
Sorry—No charges or C 0.D. orders

'‘SOUND FOR A PICTURE EVENING, VOLUME I'' still available.

| missed this first release containing 17 specific mood music back-
grounds and 8 tracks for special sound effects. Please send
‘‘Sound For A Picture Evening, Volume 1" albums at $3.98 each,
postpaid. (Outside U.S.A. send $5.00 per record ordered.)

e
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f

“Get more
education

or
get out of

electronics

.that's my advice?

e

18 ELECTRONICS WORLD
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Ask any man who really knows the electronics industry.
Opportunities are few for men without advanced technical
education. If you stay on that level, you'll never make much
money. And you'll be among the first to go in a layoff.

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

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

CREI Home Study Programs offer you a practical way to get
more education without going back to school. You study at
home, at your own pace, on your own schedule. And you study
with theassurance thatwhatyoulearn canbeapplied onthejob
immediately to make you worth more money to your employer,

You're eligible for a CREI Program if you work in electronics
and have a high school education. QOur
FREE book gives complete information.
Airmail postpaid card for your copy. If card 5
is detached, use coupon below or write:
CREI, Dept.1123 E, 3224 Sixteenth Street,
N.W., Washington, D.C. 20010.

Founded 1927

CRET

Accredited M € 19271967488 Foreiech
of lhe National Home Study Counc Anmwersary

The Capitol Radio Engineering Institute
Dept. 1123E, 3224 Sixteenth Street, N.W., Washington, D.C. 20010

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

NAME AGE

ADDRESS

CIiTyY STATE. _.ZIP CODE
EMPLOYED BY

TYPE OF PRESENT WORK [ GI BiLL

| am interested in [] Electronic Engineering Technology
[C] Space Electronics [] Nuclear Engineering Technology
[ Industrial Electronics for Automation
[] Computer Systems Technology

U SRS |

5 APPROVED FOR VETERANS ADMINISTRATION TRAINING
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This new BSR McDonald 500
Automatic Turntable will change your mind
about how much a precision crafted
British instrument should cost.

Up to now, you would have had to pay at least
$74.50 to get the features that you get with BSR
McDonald 500. .. for only $49.50%! Quality fea-
tures like [J Resiliently mounted, coarse and
fine vernier, adjustable counter-
weight (] Low mass tubular
aluminum pickup arm per-
fectly counterbalanced both
horizontally and vertically — &
less susceptible to external

shock[1The arm supported §
on virtually frictionless pre- g8
loaded horizontal ball bear-
ings assuring sensitive
and accurate tracking [
Micrometer stylus pres-
sure adjustment that per-
mits % gram settings from 0 to 6 grams [] Light-
weight cartridge shell with fingerlift, accommo-
dating most standard mono or stereo cartridges
[_] Cueing and pause control, allowing you to select

THE BSR McDONALD 500
AUTOMATIC TURNTABLE - $49.50

the exact band on the record — without fear of
damage to the record or the cartridge (] Auto-
matic lock, securing the pickup arm whenever
the .  machine is in the “off” position.
(Another BSR exclusive devel-
opment prevents jamming —
without having to reset the
t arm!) [] Easy operating con-
& trols for manual or automatic
®. selection of 77, 10" or 12" rec-
k ords at 16, 33, 45 or 78 RPM
B (] Interchangeable center
# spindles for manual or auto-
matic play ] Dynamical-
ly balanced, resiliently
mounted, 4-pole motor
shielded from hum {J]
Heavy duty, constant speed design assures mini-
mum wow and flutter. Stop in at your audio dealer
today and ask to see the BSR McDonald 500—the
$49.50 Automatic Turntable with $74.50 features.

*Suggested Retail Price

McDONALD

500

BSR (USA) LTD, McDONALD DIVISION, ROUTE 303, BLAUVELT, N.Y. 10913
CIRCLE NO. 123 ON READER SERVICE CARD

22

TLICIRONIZS WORLD

www americanradiohistorv com


www.americanradiohistory.com

ERRE LN

A gl

o

Problems of Matching Speakers
To Solid-State Amplifiers

By VICTOR BROCINER

Assistant to the President, H.H. Scott, Inc.

Transistor amplifiers are very sensitive to changes in load. especially
to lower-than-rated values. Therefore, careful attention must be paid
by the speaker designer to the impedance of his system over the entire
audio range. Here is how one manufacturer solves this problem. Details
on adding loudspeakers to an existing hi-fi system are also covered.

NLIKE a tube wuplifier, the transistor amplifier

cannot be operated at the peak of its power vs load

curve because the transistors are incapable of dis-
sipating the heat that would be generated internally under
these conditions. The variation of power output for a
given value of distortion as the load resistunce is changed
on a solid-state amplifier is shown in Fig. 1. Solid-state
amiplifiers are operated at a point well to the right of the
peak shown in Fig. 1. A serious consequence is that if the
load resistance is decreased below the minimum value for
which the amplifier is designed, there is danger of blowing
out the transistors or their protective devices.

Typical silicon power transistors in current use can dis-
sipate 100 watts continuously at a case temperature of 50°
C. In an amplifier with a 70-volt power supply, designed
for slightly over 75 watts of continuous power output into
an 8-ohm load, the maximum dissipation with sine-wave
signals is 40.6% of the output power or about 15 watts per
output transistor. (This is for the ideal case, with a per-
fectly regulated power supph and no losses except in the
transistors.)  With square waves this increases to about 20
watts. For very low frequeuncies for which dissipation has
to be calculated as it is for a d.c. amplifier, the dissipation
rises to 38 watts per transistor for sine waves.

All this is well within the safety lmits. Such an ampli-
fier would be equipped with a 2-ampere speuker fuse
which, being capable of carrving nearly 3 amperes for
short periods corresponding to the loudest transient pas-
sages in program material, allows the amplifier to operate
at its full power output. For 4-ohut resistive loads, the
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fuse rating could be increased to permit operation at full
power.

But what happens at a lower load, say at I ohn? At
peak input, on an instantancous basis, half the supply
voltage is connected across the load in series with the

Fig. 1. While a tube amplifier is usually operated at a foad
impedance producing maximum power output at a given distor-
tion, solid-state amplifiers are vsually operated at several
times this value. The shape of the curve shown is for solid-state
amplifiers; curve for tube amplifiers is somewhat different.
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Fig 2. Electrical and mechanical equivalent circuits of speaker.
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Fig. 3. Typical impedance and phase angle curves of speaker.

internal resistance of the transistor plus its emitter resistor,
sav 1 olun,
Inst. current— power .\'Il!)])/{[ coltage _ 70 2:
resistance I+1
This is above the T15-ampere maximum current rating of
the transistor and will blow a fuse, but very likely not in
time to protect the transistor.

If the load is of correct value but reactive instead of
resistive, all of the power drawn from the supply must be
dissipated in the transistor and its emitter resistor. The
maximum peak dissipation for the two output transistors
occurs when the voltage across each transistor is 0.75
times the supply voltage and the current is 0.866 times
[ynnr, OF

Piivomer = 0.T5E,, X 0.866 [,.. = 0.65 E,ul,.0.
e, is equal to its value for full power output into rated
resistive load = E,, 2R, = 70 (2 X 8) = 4.37A; then
Puiine = 0.65 X 70 X 437 = 199 W, This also excceds
the maximum rating of the transistor.

The situation with actual amplifiers and loads is not
quite as bad as the foregoing calculations indicate because
power-supply voltages decrease as the power output in-
creases, the dissipation  calculations have neglected the
presence of the emitter resistors, and loads are not usually
purely reactive. Nevertheless, it is quite apparent that for
reliable operation of solid-state amplifiers, careful attention
must be paid to the magnitude and to the character of the
load impedance that is used.

17.5 A

Loudspeaker Imipedance

The circuit across the terminals of u dynamic speaker

can be viewed as the voice-coil resistance in series with
its inductance, and both in series with a generator (see
Fig. 2A). The generator represents the counter-e.m.f. gen-
erated by the motion of the voice coil in the magnetic field.
This voltage depends on the flux density, the length of
the active voice-coil conductor, and the velocity of the
voice coil.

At frequencies well ubove resonance, the motion is mass-
controlled, that is, the speaker acts as if the stiffness of its
suspension were nearly zero and the mechanical resistance
due to friction and acoustic resistance of the air load were
likewise negligible. The simplified analog circuit is shown
in Fig. 2B. By analogy with an electric circuit, the velocity,
V. (current), lags the force F (voltage), because the
circuit is “inductive.” Also, the force is in phase with the
driving current,I; since the force is directly proportional to
the driving current. Then the velocity lags driving cur-
rent, which means that the generated voltage also lags the
driving current.  Consequently, the source generator in
Fig. 2A sees a circuit in which the current is leading the
voltage.  This means that the motional impedance (an
electrical impedance substituted for the generator) is ca-
pacitive. This is represented as M (for mass) in the com-
plete equivalent circuit shown in Fig, 2C.

Below resonance, the stiffness controls and this appears
in the electric circuit us an inductance. This is represented
as C (for compliance) in Fig. 2C. The resistive element
corresponds to an in-phase voltage and is an electrical
resistance (Ry). Now, are these elements in series or in
parallel? \We know that at resonance the impedance rises,
so they must be in parallel as shown.

The complete nnpedance curve of a  typical loud-
speaker is shown in Fig. 3. The trough of the curve ocaurs
near 400 Hz in direct-radiator woofers and wide-range
speakers, with a value of impedance only slightly areater
than the voice-coil resistance. The amount of difference
is a measure of the clectromechanical efficiency of the
speaker. Since the increase in impedance is caused by the
motionallv generated counter-em.f., a large mcrease would
be caused by the high velocity and this represents high
efficiency.  Since direct-radiator speakers have tvpical ef-
ficiencies from less than one percent to only a few per-
cent, one would not expect a large 1ise in mid-frequency
impedance over the resistance. So, in effect, the mininun
value of impedance of a speaker is determined primarily
by the resistance of the voice coil.

The rise at higher frequencies is caused by the voice-coil
inductance. In a wide-runge speaker it is undesirable be-
caunse for an essentially constunt-voltage driving source it
reduces the voice-coil current at high frequencies, with a
resultant drop in response. The most effective means of
reducing this effect is to cover the center pole of the mag-
net structure with w copper cap which acts as a shorting
ring and minimizes the voice-coil inductance.  Since the
cap takes up some spuace that would otherwise be oc-
cupied by the magnet structure, {lux density is reduced
somewhat, with some reduction in over-ull efliciency.

The peak at resonance is primarily determined by the
fux density and the resistance losses (duwmping) of the
speaker. At resonance the mechanical system acts like a

Fig. 4. (A) Equivalent circuit of speaker connestec to amplifer. (B), (C), and (D) Two-way speaker systems and networks. |
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resistance.  If there were no losses and no air load, the
velocity would be infinite.  With «  given
resistive loss, the velocity is proportional to the active flux,
as are the counter-e.m.f. and motional resistance. Thus,
the more powerful the magnet, the higher the impedance
peak at resonance. This seems to couflict with the idea
that a speaker with a powerful magnet is well-dumped, but
it really does not.

When the speaker is connected to an amplifier of low
source impedance (high damping factor), there is an ad-
ditional damping element—the electrical damping provided
by the amplifier. The counter-canf. generated by the
motion of the voice coil now works into a closed circuit
(Fig. 4A). The motional voltage opposes the voltage
applied by the wmplifier, reducing the net voltage that
drives current through the voice coil. This, in turn, de-
creases the current, which reduces the velocity, So the
counter-conf. acts inosuch a way as to oppose its own
action, with the result that the damping of the system is
imcreased.

Multi-Speaker Svstems

With multi-speaker svstems, the matter of impedance
becomes  considerably  more  complicated.  Consider  the
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Fig. 5. Impedance of 2-way speaker system consisting of an 8-
ohm woofer and a 4-ohm tweeter along with series capacitor.
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Fig. 7. Impedance curves with the 1.8-ohm resistor added.

simplest possible two-way svstem of FFig. 4B, The dividing
network consists only of a capucitor in series with the
tweeter.  The wooler response falls ofl at higher fre-
quencies and, in the interests of economy, no clectrical
means are used to keep these higher frequencies out of the
speaker. Fig. 5 shows the impedance curves of the woofer
alone, that of the tweeter with its capacitor, and the
svstemn impeduance. It is seen that over a considerable range
of frequencies the impedance is far below the rated value
for the system. This is caused by the fact that a 4-ohm
tweeter is used in an 8-olm speaker svstem. This sort of
thing comes about when the speaker designer attempts to
obtain flat response with a tweeter that is not as efficient as
the woofer. The lack of efficiency is made up by forcing
more cuwrrent through the lower impedance tweeter. The
alternative is to design a more cfficient tweeter, but this
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Fig. 8. (Above) Impedance curves of a number of commercially
available speaker systems. (Below] Curve of controlled-Z system.
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Fig. 9. Test-equipment setup used to measure speaker impedance.
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usually  requires a heavier magnet structure which in-
creases the cost. With tube amiplifiers this practice merelv
resulted in reduced availuble power over part of the
frequency range, but as has been explained previously, the
consequences are more serious with solid-state amplifiers.

Another wav in which low impedance can occur is
illustrated by the wrrangement in Fig. 4C. This two-way
svstem may have a bump in its frequency-response curve
because the woofer is not cut off sharply enough. The
situation is remedied by shunting the woofer with a large
capacitor, shown dashed. The bump is now gone, but the
impedance in the 2000-I1z region may be way below its
rated value. A properly designed dividing network, with a
larger value of inductance and a smaller capacitor, smooths
the response just as well but maintains the impedance
near its correct value.

An interesting example of how low impedance can occur
in an unexpected manner is shown with the series-type
network of Fig. 4D. In Fig. 6 we have the impedance
curve (solid line) which shows a miinimum of 6.5 ochms—
acceptable for a system rated at § ohms. One would be iu-
clined to disregard the eflect of turning down the tweeter
control because this inserts 30 ohims into the circuit. The
dashed line, however, shows that the minimum value of
impedance has vow dropped to less than 5 ohms. The
explanation is that with the tweeter at maximum (control

Fig.10. Effect of adding inexpensive speaker system (B) to
hi-fi speaker system (A} using a simple series connection.
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at minimum resistance), the 1-mH choke, the upper
30-uF capacitor, and the tweeter form a parallel-resonant
circuit with “Q” great enough to maintain the impedance
at a high value around the crossover frequency. With the
tweeter tumed down and the 30-ohm control inserted in
the circuit, this effectively leaves only the choke, the bot-
tom capacitor, and the woofer in the circuit, with a lower
impedance than before. The remedy is to insert a resistor
of 1.8 ohms at “X” in Fig. 4D. This has very little effect
on the woofer cut-off curve but keeps the impedance up to
an acceptable level, as shown in Fig. 7.

In multi-speaker svstems it is sometimes necessary to
use two or more speakers in parallel for a given frequency
range to provide wider distribution or greater power-han-
dling capability. These speukers should have a higher im-
pedance than the other speakers in the system so that
their impedance when paralleled is equal to the rated
impedance. Sometimes it is impossible to obtain units of
suitable impedance values or it may be uneconomical to
manufacture them. The result is too low an impedance
over part of the frequency range. A matching transformer
would solve the problem, but it must be a high-quality
transformer with a high primary inductance and this may
not be economical either.

A large number of commercial speaker svstems were
measured and their impedances plotted. Some of the
curves are shown in Fig. 8 with impedance indicated as a
percent of its rated value. We have called out the points
at which these have minimun impedances that were found
to be unacceptably low. In order to be sure of safe high-
level operation of solid-state amplifiers with these speak-
ers, they should be operated in series with a 2-olm resistor.
In contrast to thesc. one curve is that of a system that has
been designed especially to have controlled impedance.

Measuring Speaker Impedance

Speaker impedance can be measured quite easily using
only an audio generator and a vacuum-tube voltmeter.
The only other components needed are two resistors: a
high-power (5 to 10 watts) series resistor (Rg) at least 20
times the valie of the impedance to be meuasured, and a
precision resistor (5% or better). The precision resistor
(Rr) should preferably have a value equal to the rated
speaker impedance but it can be any known value from
about half to double this figure, The equipment is con-
nected as shown in Fig. 9.

The first step is calibration. With the switch at “A”
the precision resistor is connected across the v.t.v.m. termi-
nals. The output of the generator is adjusted to produce a
1000-Hz voltage ucross the precision resistor that is one-
hundredth the value of the resistor. For example, if R, is
8 ohms, adjust the voltage to 80 mV. (If the v.tv.m.
range does not extend this low, a higher value may be
used but it must be remembered that the generator is
putting out a much higher voltage and distortion may be

Fig. 11. Use of a matching transformer for multiple speakers.
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produced.) The calibration permits the v.t.v.m. to be
read in ohms by multiplving its reading in volts by 100.
(If a higher voltage is used, the corresponding ratio is
used to read the v.t.v.m.)

The speaker is then substituted for the precision resistor
by switching to position “B”. A series of impedance read-
ings is then made over the entire operating frequency
range and the results plotted as a curve of impedance
vs frequency. The minimum value of impedance is easily
observed, It should be within 10% of the rated impedance
of the system.

If the speaker system is equipped with level controls for
the different channels, such as tweeter and mid-range, im-
pedance curves should be plotted for various combina-
tions of settings of the controls since these can aflect the
impedance of the system considerably.

It should be pointed out that the impedance at or near
resonance varies with power level, and the results obtained
by this method mav not be exactly the same as those
given by meuasuring at a “standard” power input to the
speaker of one-tenth of its rated power. However, we are
not particularly interested in accuracy in this region because
the impedance is usually well above rating here.

Manufacturers’ Speeifications

It is often inconvenient to measure the impedance of a
speaker svstem, especiully before it is purchased. How,
then, can the audiophile determine the suitability of a
speaker before acquiring it? The answer is to demand that
the speaker manufacturer specifv not only the rating or
nominal impedance but also the minimum value of im-
pedance attained within the audio range or, preferably, a
curve of impedance vs frequency.

The definition of rating impedance for a speaker is not
as widelv known as it should be. As defined by both the
IEEE and EIA standards (61 IRE 30.RPI “Recommended
Practices on Audio and Electroacoustics:  Loudspeaker
Measurements” and RETMA Standard SE-103 “Speakers
for Sound Equipment”), it is “the value of a pure resis-
tance, specified by the manufacturer, in which the elec-
trical power availuble to the speaker is measured.” Tt is
intended to indicate to which tap of an (output-transformer
coupled) amplifier a speaker should be connected. It is
not the impedance of the loudspeaker at a designated
reference frequency. It is, ideally, the average impedance
over the frequencv band transmitted by the speaker,
weighted by the spectrum of the signal with which the
speaker will be used. For direct-radiator loudspeakers it
mav be estimated by adding 10% to the minimum value
of the magnitude of the measured impeduance in the
frequency range above cone resonance, or by adding
20% to the voice-coil d.c. resistance.

The EIA Standard also states that speaker impedance
{not rating impedance) shall be presented in terms of
magnitude and phase angle as a function of frequency.
This is exactly the information that is required to determine
whether or not safe operation can be obtained with a
solid-state amplifier.

Of course, in the long run, it will hardly be necessary
for the audiophile to go through all this information.
Loudspeaker manufacturers are aware of the problem and
it is assumed that in their own interests as well as those of
their customers and of manufacturers of solid-state equip-
ment, they will revise their designs where required so
that all the speakers available on the market will be per-
fectly safe for use with solid-state amplifiers.

Installing Additional Speakers

Since a solid-state amplifier requires that the load im-
pedance be kept above a certain minimum value, it fol-
lows that when a number of speakers are to be operated at
one time, provision must be (Continued on page 62)
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Hi-F1 Amplifier
Terms and Definitions

By LEONARD FELDMAN / Engineering V.P., Crestmark Electronics Inc.

The standards that have been promulgated by the Institute of Iigh
Fidelity for use by audio amplifier manufacturers are an important

and definite guide to ervaluating

HE most significant transition in the design and mer-

chandising of amplifiers for home music reproduction

since the advent of stereophonic sound has at last
been  completed. Transistorized  stereo  amplifiers  (more
often esoterically described as “solid-state” amplifiers to dis-
sociate them categorically from pocket radios) have all but
totally supplanted their vacuum-tube predecessors.

As with all major technical revolutions, the pendulum
had somewhat overshot its mark initiallv and is now swing-
ing buck to a more realistic approach to amplifier design.
Attempts at over-miniaturization of high-powered amplifi-
ers led to disastrous field failures for some early, hastily
conceived products. Today, a measure of conservatism in
design has been restored, resulting in amplifier configura-
tions which are not significantly smaller in physical size than
their tube counterparts. Attendant advantages in this seem-
ing design retrogression have been far more reliable, trou-
ble-free, totally stable amplifiers well worth their market
price.

Almost us if to complement the new-found stability of
amplifier design, the Institute of Iligh Fidelity (IITF) has
recently revised its antiquated 1938 standard on measure-
ment of audio amplifiers. The new standard (IHF-A-201,
issued in 1966) includes tests and methods of evaluation
which are sufliciently sophisticated to render highly mean-
ingful ratings and specifications for the new breed of solid-
state amplifiers.

For stercophonic  (dual-channel) amplifiers, the mini-
mum specifications that must be published by a conform-
ing manufacturer include (1) dynamic and  continuous
output at mid-frequency, (2) power bandwidth, (3) sen-
sitivity, and (4) hum and noise.

Other specifications covering the fumiliar frequency re-
sponse and less familiar criteria such as input impedance,
damping factor, tracking error, separation, and crosstalk
nmay, at the option of the conforming manufacturer, he
stated in published specifications for a more complete tech-
nical description of any given stereo amplifier. (An article
discussing damping factor appears elsewhere in this issue.—
Lditors) Since the four items tabulated above are deemed
to be of prime huportunce by the Institute, an understand-
ing of at least these buasic specifications would be essential
for the prospective purchaser of a stereo amplifier.

Continuous and Dynamic Qutput

Confusion regarding the “true” power rating of an am-
plifier may, at last, become a problem of the past. For one
thing, the meaningless mathematical exercise known as
“peak power” is absent from the new standard. Instead,
two diflerent but related means of specifying power output
of an amplifier have now gained universal acceptance on
the part of high-fidelity component manufacturers. Contin-
uous output refers to the maximum amount of single-tone
(sine-wave) power which may be fed to a loudspeaker for
a referenced amount of distortion at 1000 Hz. Since the
referenced distortion figure is still left to the discretion of

January, 1967

such equipment prior to purchase.

the muanufucturer, care must be tuken by the interpreter of
the rating to note just what this distortion figure is. For ex-
ample, an amplifier having a published continuous power
rating of 30 watts for a referenced distortion of 2% may or
may not be as “powerful” us another amplifier claiming
only 23 watts of continuous power at a referenced distor-
tion of 0.5% In general, however, most reputable manu-
facturers will not use a referenced distortion level higher
than 2% in wriving at the power rating for an amplifier.
Recognizing that the home music enthusiast seldom Tis-
tens to sine waves, the Institute now requires that a dynamic
power rating be listed for all amplifiers. This rating takes
cognizance of the fact that amplifier power is generally
limited by the ability of the power-supply circuitry to pro-
vide constant voltuge to the output section of the amplifier
when high-current demands are made upon it. Particularly
in the case of solid-state amplifiers, the current drawn from
the power supply may vary from next to nothing during
quict passages of music to several amperes during musical
crescendos. The theory underlying the “dynamic” power rat-
ing involves the fact that such crescendos (at least in music)
are relatively brief—too fast to adversely affect the ampli-
fier's power-supply voltage. Thus, a somewhat higher power
rating will be derived if short, transient pulses are applied
to the umplifier instead of a continuous tone. There is no
fixed relationship between the two types of power ratings.
Theoretically, if an amplifier were to be built having a pow-
er supply of such great capacity as to be unaffected by
changes in current requirements from “soft” to “loud,” the
dynamic power rating would be equal to and identical with
the continuous power rating. Conversely, a poorly regulated
power supply which “falls apart” when high-cirrent de-
mands are made upon it may well result in continuous
power to dynamic power ratios of 2:1 or even more.

Power Bandwidth

The price of an amplifier varies ahnost directly with its
ability to produce not only adequate power at mid-fre-
quencies but also suflicient power at the low end of the
spectrum (buss tones) as well as at the high end (treble
tones ). Iu fact, musical structure is often constituted so that
the really high power requirements involve the reproduc-
tiou of low tones rather than mid-frequencies. Accordingly,
the  power-bandwidth = specificition  provides o method
wherchy the prospective buver can judge power capa-
bility at all significant frequencies. Power bandwidth is
defined as the lowest and highest frequencies at which an
amplifier can produce one-halt its referenced output at
its referenced distortion. As an exumiple, il two amplifiers
have power ratings of 20 watts hut the first of these has a
power bandwidth trom 20 to 20,000 Hz and the second
amplifier has a power bandwidth from 30 to 13,000 Hz,
the first of these amplifiers is superior in this respect.

Sensitivity
The sensitivity of an amplificr (Continued on page 30)
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Solid-State Hi-Fi Amplifier Directory

OVERING only solid-state amplifiers, this directory
lists the electrical characteristics, physical dimensions,

and prices of the available preamplifiers, power amplifiers,

areas is self -contained ithin its own

individual

table.

All devices covered in this directory are stereo except

where noted.

and integrated amplifiers (combining preamplifier and The information supplied in this directory was in reply
power amplifier within o single package). Euach of these to requests made of each manufacturer. A
. . - — 7
SOhd'State Preamphﬁers Input sensitivity Physical size /
for rated output / / y f’ (inches) )
S / T
Q'
s & /8 s/ /8 - 8
NS § & & 5/ s 8 &/ & s &
9 N F& & ¢ S N e\ AN N
a~ S R QL & Q) &N\ /S /&P Q
ST g s F 5 S fe/F/FES > /&
I N 7 S & < ~ & QL ¥ § /N& I /.
§ of > &8 v & 3 SF N & /e / / S & &
< LA D ) & h G S & $ &
S & e s S dge S F/S e
Model ¢ & N @ & & N ¥ & /& EFT W W/ o ¥ /)& /3
ACOUSTECH, INC., 139 Main St., Cambyidge, .Tass. 02142 ’
Iva 2L1 — 1 .09 — 10 — [ — .5 600, up yes — — 15%, 4 8 — 149.00 inc.
CM LABORATORIES, 575 Hope St., Stamford, Conn.
cC-1 2 R A 1020' i 3 — [ .25 none yes yes scr. 15% HA } 12 315.00 — 21.00
cC-2 P S T O T (P S N N A R none | yes | yes | nm. | 127 | 4 | 9 225.00 = =
DYNACO ING., 3912 Powelton Ave., Philadelphia, Pa. 19104
PAT-4 3 7 .03 T R rlosdk 5 200 \ 5 15 - yes yes yes 13 4 8 129.95 89.95 inc.
HADLEY LABS., 115 Spring St., Claremont, Calif.
621 3 T 85 7 05 TZZOO',( s | s s rone | yes | e | none | 154 [ s | 3900 = inc.
LANSING, JAMES B., SOUND, INT., 3249 Casitas Ave., Los Angeles, Calif, 950039 |
$G520 3]s W 05 T A 5 3 8, up yes | yes | yes | 1% | 6y ’13'/, ‘ 450.00 - 15.00
MARANTZ CO., INC., 37-04 57th St., Woodside, N.Y. 11377
1l w [ o Jos [ A s | = o [ L eoow | oves |y | % | % | 7 350 = 24.00
McINTOSH LAB. INC., 2 Chambers St., Binghamton, N.Y. 13903
c-24 25 | 2 r.1 e l 2| = | 2 [ | amre e |y [ s |16 % | om0 | 240 - -
aModel VI same as Model IV except wired, $249.00.
L] . . .
Solid-State Power Amplifiers Physical size
(inches)
A
s &
R
Y
&
q

Model D
ACOUSTECH, INC., 139 Main St, Cambridge, Mass. 02142 | I [
1A - 80 | .45 l = 250 — | sk | = 4816 150 | 15y ‘ 5 12 395.00 = inc no
] = 50 | 45 = 25 = ‘ sk | — 4816 150 ‘ L3N 8 274.00 199.00 inc no
Xle = 35| .45 = 25000 — ek = 488 150 | 18% 5 10 = 129.50 24.50 no
ALTEC LANSING, 1515 Sputh Manchester Ave., Anaheim, Calif. 92803 | | i |
| [ 20- 4,8, 16, —
351C 50 { 40 15 === — | 50k |48 Jov — W S | 2400 — no
CM LABORATORIES, 575 Hope St., Stamford, Conn.
20- e |
35D = | 35 | .5 .25 5 25| ookl ook | 65 4816 500 10 | s | 12U 285.00 = — no
" 20- i 4,8, 16,
I5MRMed | — 50 |5 5 5 5 Sok) 100k | 85| Tagy] 00 19| sy 13 237.00 ‘ = - no
10- 1. |
911 = m | — = 5 — | d0k| 100Kk ] 1| 48716] 200 ; Y, | By | 1% | 477.00 = — no
DYNACO INC., 3912 Powelton Ave., Philadelphia, Pa. 19104 |
5. 5. .
60/60 - 60 .25 1 A ] 5 A ‘ 50,(‘ 0ok | 18 416 0 | 13 4 ‘ 107, 199.95 159.95 inc. yes
HADLEY LABS., 115 Spring St.,, Claremont, Calif. |
622 80 f- 0 | s ‘ ao e b DB e ] e [0y | e wn | aseoo = = no
LAN§|NG, JAMES B., SOUND, INC., 3249 Casitas Ave., Los Angeles, Calif, 90039 |
SE400S = 40 | 075 ‘ 075 | a5 | s Sy R 416 o Y | 4% I 6% 265.00 = inc. no
3.
SE408S — 40 075 | 075 | a5 | s — | 200 1 416 a 15, | 4% 65 270.00 — - no
MARANTZ €O., INC., 37-04 57th St. Woodside, N.Y. 11377 \ ‘
| 10- | 10-
Model 15° | 90 | 60 | .05 [ 0 ‘ 1 ‘ 025 | a0k | 60K 1 | 416 | 150 | 5% | SY | 84 395.00 | - 30 no
MATTES ELECTRONICS INC., 4937 West Fullerton Ave., Chicago, Ill. 60639
7- 1.5- .
SSP200 160 1007 5 T 5 | 07 | 4 \ ZOR‘ 307k 1 ‘ 4,8,16| 250 | 14Y, 8 5 375.00 = inc. no
SCHOBER QRGAN CORP., 43 West 61st Street, N.Y., N.Y. 10023
TR-2¢ 50| 40 T_zz [ 1 ]1_4 rﬁ | 201 s Loss| we | = | sy | = §9.95 inc. no
SONY CORP, OF T\IIERICA, 47-47 Van Dam St., L.1.C., N.Y. 11101
TA-3120 | — Lso ].1 |05 |3 | =] - Pab | V) o | o [y | s | 7y | 2080 = inc. o

aControlled to match specific speaker. PMono version Model 14. $200.00, ¢Mono.

0.8,

d80M RM same as 35MRM except 80=-W output, sensitivity 0.75V: IM of

.and price is $297 00. *Mode! XII same as Model XI except 50 W, kit price $159.50. Both can use P/M preamp module ($89.50) for conversion to
integrated systems.
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Model

Input sensitivity
for rated output

/

Physical size
{inches)

/

VA
vii

711A
ADC-60
TA-100
CC-508
3070
EV-1144

TX-300
TX-200

3000
C-41

AR-22
AA-21D
AA-14
TK-400

KN-975
KN-960

KG-895
KG-870
KG-854
KG-320

LA-248
LA-2247
LA-90T
LA-60T
SA-600
STEREOQ
30

MA-5100

AM-280
AM-272

A700
A300

2991
2600

9900-2
9500
9000-2

TA-1120

1485

ACOUSTECH INC., 139 Main St, Cambridge, Mass. 02142
— o] sy =)ol =] = = |~ =f2s{w0| —| 5| =| =
—dolwsl—lasial -l =) = | =lasl—|—-|s5| |-
ALTEC LANSING, 1515 S. Manchester Ave., Anaheim, Calif. 92803

slal s|=-|-]- FZ‘;‘,J S AT Y I I S T (N PN QPR
AUDIO DYNAMICS CORP., Pickett District Rd., New Milford, Conn. 06776

wla| s ||| 2|55 Sk es 18] so] me | 2 f =1 =] 0| tew [ e
BOGEN COMMUNICATIONS, P.0.B. 500, Paramus, N.J. 07652

0| - [ = | =] 2 &) e | =] meas| =] = [a25] oy | yes
CM LABS,, 575 Hope St., Stamford, Conn

— o] s | 5] sl 3] eulesnefzoo no | 3| —| & [ 25| ani| ye
EICO ELECTRONIC INSTRUMENT CO. INC., 131-01 39th Ave., Flushing, N.Y, 11352

s|os| e] 32| LaS il o 416 [ 30) o | 2| =] = [ 27| ooy | ye
ELECTRO-VOICE, INC., Buchanan, Mich. 49107

35 | wl 1| 5 } =SR] 320";‘| 414 ] 3| no | 45| — | — | 09| 416 yes
FISHER RADIO CORP., 21.21 44th Dr., Long Island City 1, N.Y,

so | 36| 5| — | 4] —| &) Bulaes] o wo| 28| —| ve| 2| 46| yes
s s | o5 | = | | = | &%) Bulan e of no| 4| —| 26| 28| 46| yes
GROMMES, PREC. ELECTRONICS, INC., 9101 King St, Franklin Park, lllinois

60 |50 | a5 [as s |2 | 0] 0 e e 3 e | v | =] 3] 2| a8 e
sl | 3| 5|20l 0 ne | [ =] 3 a5 ] 46 yes
HEATH CO., Benton Harbor, Mich. 49022

I LN I T B I I AR I BN I B ()
o | 3| 5| s [ A e = me | 3 =] 2] s = | e
s s |  e e [ s0] me | 4] —| — | 3| tew | no
KENWOOD ELECTRONICS, INC., 3700 S. Broadway PI., Los Angeles, Calif. 90007
40]31| i = 2200”4-]6!10' —|1.s]—T1.s|.1 N
KNIGHT, ALLIED RADIO CORP., 100 N. Western Ave., Chicago, lllinois 60680

ws|a| s || | s R 2 e =] = 4] =] 5] 5| row | yes
sl v s | s B B e | =l = 25— 25|25 | tow | yes
KNIGHT-KIT, ALLIED RADIO CORP., 100 N. Western Ave., Chicago, Illinois 60680)

o || 5| 5|0 | 72 B e npo— s = 2| ew | e
|| sl | B A e s — 3 = 2| tow | e
| o s s e | B A e [l = s = a5 5| tow | e
Wl g s e = B | = —| 3| =] 25| 4| tow | yes
LAYFAYETTE RADIO ELECTRONICS CORP., 111 Jericho Tpke., Syosset, N.Y, 11791

s v | == =] =] 2%ae 8] | ne| 2 {r00] 3] 9| tow | yes
Bz === 0 ase| = ne | 3 b = = | 25| tew | yes
5 036 1 || = — | 2] S (e s| 20| mel 2520 3 75| tow | yes
w2 |3 = = | s 23] ne ] 2| 80| 3 [ 150 tow | yes
LANSING, JAMES B., SOUND, INC., 3249 Casitas Ave., Los Angeles, Calif, 90039

— o ors|ors| 2| -°7|113%'J1§3'k| e | m) w4 | =] 2| s a | e
LEAK, ERCONA CORP., 432 Park Ave. S., N.Y., N.Y. 10016

slel alal-]=] - 230";“4, 3,16‘ wT —|as|3s| 3| a1} ne | yes
McINTOSH LABORATORY INC., 2 Chambers St., Binghamton, N.Y. 13903

65 | 0| 05| 05| .17 | 22(?,([ sox|t 88100 no | 25| —| 2| 3| 0w | yes
OLSON ELECTRONICS, INC., 260 S. Forge St Akron, Ohio 44308

o Loz se | ez | A0l Al ss] ] | 25 00| 3] gz | as | ye
25|53 e ze s = | 0 esl —| | =0 — a8 | — | —
PILOT RADIO INC., 100 Electra Lane, East Station, Yonkers 4, N.Y,

B = s s ==l skl s | =] ves 28] — 2] — | w0 | yes
00— | 5| S| = | =] k] s | =] e | 25| =] 2| e 160 | yes
H. H. SCOTT INC,, 111 Powder Mill Rd.,-Maynard, Mass. 01754

s | a2 ] s B A as s o] ne | s~ ne | 5| tow | yes
o0 Jao| 8| 5|2 5B aklens] o] ves| 3| = 20 5] tow| yes
SHERWOOD ELECTRONIC LABS., INC., 4300 N. California Ave., Chicago, lllinois 60618
0 (e ) 3 as | [as]d S0 e {aof — e — ] v ] as | tew | yes
0 130 ] 3 as | | as A5 ] e sy — | = 0] 25 tow | yes
80 |60 | 25| 0| s | AN s a0 — sl =0 5| tew | yes
SONY CORP. OF AMERICA, 4747 Van Dam St., L1C., N.Y. 11101

50 !—| a [.os | 3|-] - | I})H 4 [ 7o) mo | 4|~ 1 | 002| mo | oyes
¥-M CORP,, P.0.B. 659, Benton Harbor, Mich 43023

s l 15 | 5 l 15 l = I _1 —lzzook| 8 I —| o | 5| w0| —| 7| o | yes

yes

yes

yes

yes

yes

no
no
yes

yes

yes

no

ne

yes

yes

yes

no

yes

yes

yes

yes

no

yes

ne

yes

no

no

yes

yes

scr.

scr.

[{<8

yes

yes

no

8%

15%
15%

15
15

15Y,

13%
13

16%,

13
13

13710
0%
13
13

101/,

1,
10%

15416
15%6

15%

13

5%

3

3%

K

3%

4

1%

L
4%

3710

%
W
%
“

3Ms

h
2,
2%,
Ay
M
3%,
3%
S

4,

5700

4%
2%

Ty

44s

5%

SVa

8%

W

Th

10,

Wy
W

13
n

1%

72

12,

12%,

8%
10%
74
9
9%

13,

14/,

10
&%

12¢,
12,

0%,
0%,
12,

12V

10%,

399.00
219.00

378.00

129.50

129.95

387.00

19.95

125.00

329.50
279.50

299.50
179.95

149.95

149.95
99.95

84.95
59.95
129.95
99.95

345.00

249.50

449.00

109.98
34.98

229.95
179.95

199.95
279.95

229.50
179.50
309.50

399.50

99.50

89.95

99.95

137.00

59.95

149.95
99.95
79.95
59.95

24.00

17.95

2495

inc.

inc.

6.95
12.95

350
7.95

14.95
14.95

19.95
12.95
12.95
9.95

inc.

inc.

inc.

15.00

inc.

29.00

inc.

inc.

13.95
13.95

7.50
7.50
8.50

inc,

inc.

aLK60 is Kit version, $199.95; metal cabinet, $13 95; wood cabinet $24.50.
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is merely a means of indicating how much input signal will
be required for full power output to be achieved. In terms
of the user facing the problem of “matching” a tuner or
tape- or record-playing equipment to a given amplifier,
this specification takes on increasing importance. As an il-
lustration, suppose a given amplifier requires 1 volt of signal
(with volume control fully turned up) to produce rated
power output. If an FM tuner were to be connected to this
amplifier and if the tuner’s maximum voltage output were
only 0.5 volt, the amplifier could, at best, be driven to only
onc-fourth its potential power-output capabilities. Under
such circumstances, one might just as well have bought an
amplifier having a far lower power rating, since full power
will never be utilized because of improper matching of the
tuner to its power amplifier.

Hum and Noise

All electronic devices powered from an a.c. source (usual-
ly having a frequency of 60 Hz) will reproduce a small
anount of unwanted hum (at 60 Hz, and often at multi-
ples of this frequency as well). In addition, both tubes and
transistors used in amplifying circuitry generate a small
amount of random noise at all audible frequencies. These
extraneous sounds detract from program enjoyment if they
represent a significant percentage of the total sound out-
put of a system. Means of stating hum and noise (as a
number of decibels below rated output) have now been
standardized by the Institute so as to give a meaningful
indication of the audible significance of such undesired
sounds. As before, the greater the number of decibels stated
in connection with the signal-to-noise and hum rating, the
better the amplifier in this regard.

Total IHarmonic Distortion

The rich harmonies of music and the characteristic tonal
quality of musical instruments are largely the result of the
presence of harmonics. Hi-fi amplifiers, on the other hand,
are not musical instruments and should not insert their
own tone color into the sound being handled. The job of
the audio equipment is to reproduce, as exactly as possible,
the original quality of the sound. This task is far from sim-
ple since only absolutely perfect equipment is entirely free
from all types of distortion which alter the nature of the
sound signal.

Harmonic distortion occurs when the audio system being
used alters the shape of the input signal the same way that
it would be altered if harmonics of the input frequency
were deliberately added at the input.

The distortion factor is the ratio between the total r.m.s.
value of all the harmonics to the total r.m.s. value ol the
fundamental plus all harmonics. When this factor is ex-
pressed as a percentage, it becomes a measure of the total
harmonic distortion (THD). The nunerical value attached
to THD usually does not specify which harmonic (or har-
monics) is producing the THD.

It is common to make THD measurements throughout
the entire range of the audio svstem under test. Such mea-
surements impose a severe test of the system because it is
far more difficult to handle the very low and very high fre-
queuncies with a minimum of distortion than it is to handle
the mid-frequencies.

It is also common to make the THD measurements over
a wide range of output powers, up to the full rated output.
In general, as the output power is increased, so is the
amount of distortion. Usually the increase is smooth and
gradual up to the overload point where there is a sudden
jump in distortion. Amplifiers should be rated at a power
just below this overload poiut, while the THD is still a low
figure. In the case of preamplifiers, measurement is fre-
quently made with certain prescribed input and output
voltages.

As a quality figure, then, the less the amount of THD
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specified (the lowest percentage figure) the Dbetter.

IM Distortion

When two different frequencies are applied to a perfect-
ly linear device (one whose output varies directly in accord-
ance with the input), the output of the device will contain
only these two frequencies. However, if there is any non-
linearity within the system, then one of the input signals
will be affected (modulated) by the other. When this mod-
ulation takes place, additional frequencies will be gener-
ated. These additional frequencies are not necessarily har-
monically related to either of the original frequencies. What
is more, harmonics of the original two frequencies can
combine with each other to produce still other frequencies.
Since none of these frequencies was originally introduced
into the amplifier, but exists at the output of the amplifier,
then the amplifier has introduced distortion. This is called
intermodulation distortion or IM.

The amount of this IM distortion is the r.m.s. sum of all
the internally generated signals, expressed as a percent-
age of the modulated signal. Usually, the two frequencies
used are 60 Hz and 7 kHz, having a relative amplitude ratio
of 4:1, respectively.

In general, when an amplifier has low IM, it also has
low THD, and conversely, when the IM is high, the THD is
also high. However, it must be remembered that these two
methods of measuring distortion are quite diflerent, so it is
logical to expect that the percentage figure for IM and THD
will not be the same.

As in THD measurements, the lower the IM specified
(the lowest percentage figure), the better the system.

Sccondary Specifications

Many other completely defined specifications appear in
the new IHF amplifier standard, and the reader having suf-
ficient technical interest to acquaint himself with the entire
standard can procure a copy of “IHF Standard Methods of
Measurement for Audio Amplifiers” (IHF-A-201, price
$2.00) by purchasing it directly from the Institute of High
Fidelity, Inc., 516 Fifth Avenue, New York, New York
10036.

Even the non-technical music lover intent upon assem-
bling a quality stereo music system can take comfort in the
fact that an increasing measure of uniformity of published
specifications has finally come to the high-fidelity compo-
nent industry after nearly two decades of arbitrary and
confused specification writing. Certainly, all the published
specifications cannot replace the prospective buyer’s aural
acuity in auditioning amplifiers. Intent, patient listening
tests will always be the first step in the selection of an am-
plifier. Also, as has already been implied, an amplifier must
not be chosen out of context with the remainder of the pro-
posed system. Sources of programs to be used in conjunc-
tion with the amplifier must be regarded in terms of their
compatibility. Loudspeaker system selection, as well as
room size and acoustics, still weigh heavily in determining
power requirements for amplifiers. Bear in mind that ratios
of as much as 10:1 in loudspeaker efficiency of the com-
mercially available speaker systems reflect equally wide
power requirements for companion amplifiers.

Fortunately, during the past couple of years, better
performance loudspeaker systems have become available at
a much lower cost, with the result that the mediocrities
and poor performers are being driven from the market. Be-
sides improved performaunce, most modern loudspeakers are
designed to complement the decor of almost any home.

Careful reading of standardized specifications, however,
coupled with intelligent auditioning and attention to the
other details listed in this article, will result in a rewarding
experience in home musical enjoyment and many years of
trouble-free performance, thauks to the new generation of
amplifiers. A
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PERCENT MODULATION NOMOGRAM

By MAX H. APPLEBAUM

Warwick Electronics Inc., Pacific Mercury Div.

N AM transmitters, it is necessary to check the percent
modulation so that the limits set by the FCC are nct ex-
ceeded. The methods of obtaining the waveforms are not dis-
cussed here since they can be found in any standard text. This
nomogram does, however, offer a simplified mceans of deter-
mining the percent modulation from the waveforms.

Fig. 1 shows a series of oscilloscope patterns of an r.f. car-
rier being amplitude-modulated by a sine wave. Fig. 2 shows
a series of trapezoidal patterns of the same waves. Percent
Modudation (M)=[{A— B)/(A+ B)] x 100 where A is the crest
amplitude and B is the trough amplitude. The values of A and
B are measured from the oscilloscope patterns.

M is found by extending a straightedge from the measured

CREST
TROUGH
Tﬂ”‘ T
L=
A | B
4 o
(AJLESS THAN
LV L I00% MOD.
y TP ATTN
]
(B) 100% ;
NV J“J/ MODULATION
ﬂ'f\r\ /(TW‘
=
(C) MORE THAN &
)/ | .
L U 100°% MOD.
Fig. 1. Amplitude modulated r.f. carrier waveforms.
Fig. 2. Trapezoidal modulation patterns seen on scope.
I i
A m B
L [ (A) LESS THAN =
= 100°%e MOD.
T
I
j
]H (B) 100%
L
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N
Fr"‘~~
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LL\- - 10 0%a MOD.
b
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A-CREST aAMPLITUDE

A simplified method of determining the percentage
of amplitude modulation by use of a straightedge.

value of A on its scale to the measured value of B on its scale.
The percent modulation is found where the straightedge
crosses the diagonal scale. A and B may be in any units as long
as both are measured in the same units.

Example. Find the percent modulation of a wave whose
crest amplitude is 6.3 centimeters and whose trough ampli-
tude is 2.7 centimeters.

Solution: Extend a straightedge from 6.3 on the A scale to
2.7 on the B scale. The straightedge crosses the M scale at 40
which is the percent modulation.

(Note: For symmetrical modulation, the above equation
produces the same results us the equations: M=(A—C)/C or
(€ B)/C, where C - carrier amplitnde.)
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Integrated Circuits

Used in New

Hi-Fi AM/FM Receiver

By WILLIAM HANNAH

Consumer Product Line Manager, Heath Company

First use of 1Cs in hi-fi component field. Two

such circuits along with two erystal filters are
emploved in FM i.f. strip of new Heath recetver.

NI of the most difficult fuctors

facing PN cirenit designers to-

day is the stringent require-
ments placed on N reception by the
advent  of stereo broadcasting. Com-
pared to monophonic FAL broadcasts,
stereo requires a broader bandwidth at
the receiver but, at the same time, there
should be no sacrifice in selectivity.

Circuit engineers strive to achicve an
i.f. bandpass response with a flat top and
steep sides along with lincar phase char-
acteristics.  The  most common — ap-
proach is to cascade individually tuned
i.f. stages. but the number of stages ve-
quired for perfect response mayv be so
great that the design may  be
promised.

This was one of the problems en-
countered in developing the new solid-
state Heath AR-15 AN M I'M-sterco
receiver {sce photo on cover—Ed. ). In-
tegrated cireuits and a new approach to
FM it filters proved to be the answer.

Design parameters  were  established
for the M circuit of the receiver hy
our engineers and, working closely with
RCA, a performance-cost  comparison
was made between a conventional i.f.
strip using transistors and 0 strip using
integrated circnits. We fonnd that the
1C design topped the transistor design
in performance and had a considerable
edge in cost. We also found that the
1C design had ample gain, excellent re-
peatability, and certainly better reliabili-
tv. The decision was made to go with
1C’s.

coni-

The Integrated Circuit Chosen

After careful evaluation of several
different approaches to the design, the
RCA Type CA3012 silicon integrated
circuit  was  selected.  This wunit is a
wide-band amplifier  consisting of 10

transistors, 7 diodes. and 11 resistors.
The cirenit is housed in the Tamiliar TO-
5 transistor case although it is a low
silhouette design and has 10 Teads.

Fig. 4 is a schematic diagram of the
CA3012. The circuit utilizes 10 tran-
sistors but only 8 are actnal amplifiers.
The remaining two, Q9 and Ql0. in
conjuntction with diodes D1 and D20 are
used as voltage regulators. Q9 serves
to regulate supply voltage to Q1 through
6 while Q10 1egulates the supply volt-
age for Q7 and Q8. Anplification is
accomplished through a series of com-
mon-emitter current wnplifiers and coni-
mon-base voltage amplifiers.  Coupling
capacitors are eliminated through the
use of direct-coupled circuits.

Direct-coupled  circuits have in the
past been notoriously unstuble. This is
becanse individual transistors made from
different materials and located on vari-
ous parts of the chassis would react
differently to localized ambient temper-
atires and voltage  variations.  This
problem is neatly solved in the 1C by
making all stages from identical ma-
terin]l and  housing them within  the
same case. Thus a similar reaction is
obtained from all sections when subject-
ed to voltage and temperature variations
and the unit is thus largelv self-com-
pensating.

Over-all Cireuit Arrangement

Fig. 1 is a schematic dingram of the
FM receiver circuitry showing the use
of the CA3012 integrated circuits. The
IC is used in much the same manmer as
a conventional i.f. wuplifier; however,
gain through the IC is much greater
and a.g.c. circuitry is somewhat different.
A gain of 61 dB is realized through
each IC at the if. frequency of 10.7
Mz, Hard limiting at this frequency

«—Fig. 1. Schematic diagram of the FM portion of the complete receiver.
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Fig. 2. Over-all, i.f. bandpass of AR-15 receiver with normal
input signal {left) and with much higher amplitude input {right).

occurs with an input signal amplitude to the CA3012 of
approximately 600 microvolts. At signal levels above
this amplitude very little change in output occurs, giv-
ing a sharply defined limiting characteristic to the over-all
L. strip.

While this sharp limiting characteristic is ideal from a
noise rejection standpoint, it did create a problem with
regard to a.g.c. Because of the extremely high gain
through the i.f. strip and front-end of the AR-15, ouly a
very minute signal drives the i.f. strip into limiting. Once
in limiting, the output of the integrated circuit varies only
slightly; hence, not enough variation in voltage occurred at
the detector between weak and strong stations to provide
an ellective a.g.c. voltage. Even moving back as far as the
output of the first 1C did not solve the problem. Limiting
occurred too soon to obtain proper a.g.c. action.

This problem was overcome by adding a conventional
stage of gain immediately ahead of the first 1C.  This
stage serves the twolold purpose of supplying signal to the
a.g.e. amplifier as well as to the signal-strength mcter
amplifier. Since this stage does not limit, its output can be
used to develop the required a.g.c. voltage which is then
fed back to the FAl front end for automatic gain control.

When a conventional tuned if. stage is driven into limit-
ing by strong station signals, the result is to effectively in-
crease the over-all bandpass.  Excessive bandwidth  will
result in increased noise, adjacent and alternate channel
interference, and poor sclectivity. By designing a very
sharp, narrow bandpass, this condition is minimized, but
at the expense of attenuated sidebands under weak and
moderate signal conditions. This results in high distortion
and poor sterco reception.

{110kHz PER DiV.}

Fig. 3. Over-all i.f. bandpass of another receiver with normal
input signal {left) and with much higher amplitude input {right).

Ideally, the i.f. bandpass response would be flat-topped
with vertical sides under all signal conditions and would
have linear phase-shift characteristics throughout its pass-
band. The bandpass of the AR-15 is a very close approxi-
mation of the ideal. Fig. 2 is a photograph of the re-
ceiver’s over-all FM receiving section bandpass. Fig. 3 is a
photo of the bandpass of another solid-state receiver, taken
under identical conditions.

Crystal Filters & FET’s

The bandpass characteristics of the receiver were achieved
by utilizing the high gain and excellent limiting charac-
teristics of the 1C’s in conjunction with specially designed
quartz-crystal filters which replace conventional i.f. tuned
circuits.  These filters are not to be confused with the
ceramic filters currently in wide use in low-cost AM re-
ceiver i.f. circuits. This design eliminates the need for if.
alignment, with the exception of the detector. More im-
portantly, however, the filters provide a steep-skirted, flat-
topped bandpass with negligible deviation from perfectly
lincar phase characteristics at all signal levels. The end
result is improved performance on both FM mono and
stereo reception.

Field-effect transistors (FET's) are used in the FM
front end of the receciver. Unlike the common transistor,
the FET is a high-impedance device and is especially
adaptable to high-"Q7” circuitry.

One problem encountered in r.f. designs using transistors
is that of impedance matching. To perform with maxi-
mim efficiency, the resonant circuits used for signal trans-
fer must operate into a high impedance. Transistors, being
low-impedance devices, tend to (Continued on page 61)

Fig. 4. Schematic of integrated circuit used. Note that the signal-flow path is shown by means of the heavy lines.
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Pulse-Counting
Detector for
FM Tuners

By A. H. SEIDMAN
Contributing Editor

Here is a hi-fi innovation—a circuit used in the
new Fisher tuner that has 10-MHz bandwidth,
a capture ratio of only 0.5 dB, and with no
tuned circuits that can go out of adjustment.

N innovation whicli may set a new trend in hi-fi tuners for the in-
dustry has been introduced by Fisher Radio. In the new Mod-
el TFN-1000 FM tuner (sce photo on cover—Ed.), the manu-

facturer has come up with a sophisticated limiter-detector circuit that
looks like a hi-fi man’s dream. 1t features a pulse-counting detector in
a circuit that contains seven transistors and numerous diodes. The tun-
er costs more than most standard units—but it also buys more pertfor-
mance. Here are some of the features:

1. The tuner displays nearly perfect linearity over a 10-MHz band-
width.

2. Total harmonic distortion is less than 0.2%,

3. It has a capture ratio of only 0.5 dB compared with an average of
3 dB for other tuners.

4. Since no tuned networks are used, the tuner exhibits excellent op-
erating stability.

5. No critical adjustments are necessary.

6. The circuit lends itself to future 1C fabrication.

Background

To appreciate the differences between conventional limiter-detectors
and the new circuit, a look at some operating features of standard cir-
cuitry is in order. Consider first limiting which is necessary for re-
moving any amplitude variations that may be present on the M
signal. One major source of amplitude modulation is static, which may
be either atmospheric or man-made, us in the case of automobile
ignition. The other source is in the front end. No practical component
exhibits perfect signal response and, as a result, some AM is produced
in the tuner itself. If insufficient limiting exists, the output will be dis-
torted by the presence of AM. With sonie types of detectors, no limit-
ing stages are required while others may use up to two cascaded Hmiters.
Fisher uses three transistors and six diodes to provide symmetrical limit-
ing,

The conventional FM detector, or discriminator, frequently uses a
balunced tuned circuit. The cirenit is tuned to the intermediate fre-
quency, and it is so designed as to produce the famous “S™ curve, which
relates output audio voltage to frequency. These tuned circuits have to
be aligned and even when perfectly aligued, the “S7 curve may not
be perfectly linear. The trausistor pulse-counting detector climinates the
need for alignment and the circuit provides nearly perfect linearity.

In order to economize (for example, by removiug the limiter stage),
the ratio detector and the gated-beam tube (6BNG) detector were devel-
oped.  Although the gated-beani tube detects by counting pulses, it

Fig. 1. Complete schematic of limiter/ pulse-counting detector circuit as used in TFM-1000 tuner.
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does not provide over-all performance comparable with the
new circuit.

For proprietary reasons, Fisher will not talk about the op-
cration of its new circuit. However, this development is so
exciting and significant for the hi-fi enthusiast that we have
decided to make our own analysis of the circuit for the
benefit of our readers. All new developments have a prior
history. In regard to this circuit, an important paper by
Baghdady (Proceedings of the IRLE, April, 1958) and work
done by Arguimbau and others (sce “Vacuum Tube Cir-
cuits and Transistors” bv Arguimbau & Adler, 1956) ap-
pear to have provided the theoretical groundwork for the
development of the circuit. In addition, this tvpe of circuit
is being used in some telemetry receivers and in some British
FM tuners. Based on these works and a very careful anal-
vsis of the circuit schematic, the operation of the limiter-
detector is presented. To the best of our knowledge, the
description given below is accurate.

The Circuit

A block diagram of the limiter-detector circuit is given in
Fig. 2, while the complete schematic is shown in Fig. 1.
(It is important to note that the circuit is preceded by an
f. section with five wide-band i.f. stages.—Editor) The lim-
iter is composed of three transistor stages, each stage having
the configuration of Fig. 3A. Diodes D1 and D2 are silicon
and their cut-in or threshold voltage at room temperature is
approximately 0.6 volt. This means that a minimum of 0.6
volt has to be impressed across the diode before it conducts.

\When the positive half of the incoming signal is 0.6 volt
or greater, diode D1 conducts and the output is clamped to
0.6 volt. Diode D2 takes care of the negative half-cvcle
and its ontput is clamped to —0.6 volt. This diode ar-
rangement results in svimetrical clipping, or limiting, which
is essential for minimum audio phase distortion in the
output signal. The transistor provides a small voltage gain
(on the order of 3) for signals lower in amplitude than the
clamping level.

Before proceeding further with the operation of the limit-
er, the significance of capture ratio will be considered.
Capture relates to the ability of an FM tuner to accept the
stronger of two signals of the same frequency while reject-
ing the weaker one. The wesaker signal has the eflect of
amplitude modulating the stronger FM signal and therebyv
causing audio distortion. Capture ratio, expressed in deci-
bels, denotes how effective the tuner is in rejecting the un-
wanted or weaker signal. A low dB capture ratio figure
indicates that the tuner is capable of rejecting a signal only
slightly lower in amplitude than the desired, or stronger,
signal.

To achieve a capture ratio of 0.5 dB, two conditions have
to be satisfied in the limiter circuit. These are: (1) Ampli-
tude modulation must be suppressed by 95%. (2) The
bandwidth of the limiter-detector must be at least 6 MHz.
To allow a “margin of salety,” Fisher specs the circuit for
a 10-MHz bandwidth.

Amplitude modulation suppression will be examined first.
Assume the input FM signal is highly amplitude-modulated,
as shown i Fig. 3B. This may be the result of a weaker
signal amplitude modulating a stronger signal of the same
frequency. After going through the first limiter stage, the
output may appear as indicated in Fig. 3C. Cycles of
the input signal of lower amplitude than = 0.6 volt are
amplified; the other cycles are limited to = 0.6 volt. The
signal goes to the next two limiter stages where it is further
amplified and limited in the same manner as in the first
stage. The resultant waveform is shown in Fig. 3D. [t is
seen that virtuallv all of the AM has been removed and a
near-ideal FM signal is ready for detection.

The other condition to be satisfied in obtaining a capture
ratio of 0.5 dB is bandwidth. As the signal is successively
limited, new frequencies are produced. It is essential that

January, 1967

{Top) Inside view of the pulse-counting detector and limiter sec-
tion described here. This assembly is mounted in the dark, closed
rectangular housing along the right-hand side ({as viewed
from rear} of the chassis of the tuner shown in bottom photo.

these frequencies be “kept” during the limiting process for
low output distortion. Thus the need for a large over-all
bandwidth of 10 MHz.

If the over-all bandwidth is 10 MHz, then each amplifier
in the limiter-detector must have a bandwidth greater than
10 MHz. Like vacuum tubes, a transistor has input capaci-

I.F. INPUT
SO AMPLIFIER SWITCH
LIMITER 1 L > DELAY LINE

(3 TRANSISTORS) (1 TRANSISTOR) {1 TRANSISTOR)

AUDIO INTEGRATOR PULSE

—ww— 10.7 - MH2
AMPLIFIER -« A COUNTER
r (I TRANSISTOR) L{(?—{".

A

07 TR (I TRANSISTOR)
UDIO OUTPUT
Fig. 2. Block diagram of the new Fisher limiter-detector circuit.

Fig. 3. (A) Limiter-stage circuit. (B} Input signal which is
highly amplitude-modulated. (C) Output of first limiter stage.
(D) Output of last limiter stage. Ninety-five percent of the am-
plitude modulation on FM signal has been completely removed.

H
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Fig. 4. (A) Simplified schematic of pulse-counting detector. {B)
ldeal output pulse at collector of transistor counter. (C) The
actual stretched-out waveform due to transistor storage time.

AVATLQu ]I

(A} (8) (<)

Fig. 5. Example of pulse-counting detection. {A) Modulating wave-
form is a triangular wave. (B) What the FM wave may look like.
(C) OQutput pulses at the collector of pulse-counting transistor.

(a) (8) (c)

Fig. 6. This shows a greater magnitude of modulating signal. (A)
Triangular wave now has peak amplitude of 2V volts. (B} The
FM waveform. (C} Twice as many pulses are now counted than for
the case where amplitude of the triangular wave was V volts.
{In Figs. 5C and 6C, the output pulses are actually negative-
going. They are shown inverted to make comparison simpler.}

tance and feedback capucitance between the output (col-
lector) and input (base). These capacitances act to de-
crease the gain at higher frequencies und the bandwidth
is reduced. The emitter network of Fig. 3A, made up of
resistors R1 and R2 and capacitors C1 and C2, compensates
for the transistor capacitances and the necessary stuge band-
width is thereby realized.

Pulse-Counting Detector

The limited waveform is amplified and applied to a tran-
sistor which serves as a switch. For every cvcle impressed
across the switching transistor, a pulse is sent into a coil
delay line. The time it takes for the pulse to travel from
the input of the delay line and back again is estimated to be
on the order of 25 nanoseconds (25 X 10— second). Dur-
ing this interval, the transistor in the pulse-counter circuit
of Fig 4A is turned on. The 25-nsec delay pulse and diode
D1 maintain the base-emitter junction of the n-p-n transistor
positive, thus ensuring that the transistor is on during the
25-nsec interval.

For the ideal transistor, the collector output would be a
rectangular pulse 25 nanoscconds wide and 11 volts in
amplitude, as shown in Fig. 4B. The number of pulses pro-
duced per unit time is directly related to the amplitude
(frequency deviation) of the modulating signal. The greater
the signal amplitude, the more pulses per unit time will be

38

counted by the circuit. Thus, the number of pulses per
unit time is directly proportional to the amplitude of the
modulating signal.

Assume the modulating signal is the triangular waveform
of Fig. 5A, having a peak amplitude of V volts. A tri-
angular waveform is used as an example because the volt-
age rises linearly with time. This shows, very nicely, the in-
crease in frequency deviation with rising signal amplitude.
The limited waveform may appear as in Fig. 5B. This is
applied to the switching transistor and delay line. The out-
put of the transistor in the pulse-counting detector, say, re-
sults in three pulses. Each pulse has the same width (25
nanoseconds) and height (11 volts); that is, their areas are
the same. The resulting pulses are spaced in a time
interval, T, as shown in Fig. 5C.

Consider Fig. 6A which shows the same triangular wave-
form of Tig. 5A, but with twice the peak amplitude, 2V.
The output of the limiter will contain twice as many cycles
(Fig. 6B) as for the previous case. Therefore, the transis-
tor output of the counter has six pulses for the same interval
T, as shown in Fig. 6C. The area of each pulse is the saime
as for the first example.

The pulses are then applied to the RC integrator in I7ig.
4A. Capacitor C charges and its voltage is directly propor-
tional to the number of input pulses to the counter. This
voltage is amplified and the audio output is linear with
signal amplitude. The total harmonic distortion is less than
0.2%. The trap associated with the integrator filters out the
10.7-MI1z intermediate frequency.

To obtain sufficient output from the integrator circuit,
high-amplitude pulses from the transistor counter are nec-
essary. In this circuit, the pulse amplitude is approximately
11 volts, peak-to-peak. However, high collector voltage
and fast switching characteristics are generally incompatible
requirements for a transistor switch. The most significant
delay produced by the transistor is the storage time delay.
This has the effect of stretching out the pulse, as indicated
in Fig. 4C.

The storage time for the transistor used in the circuit may
be on the order of 10 to 20 nanoseconds. Assume it is 20
nanoseconds. Thercfore, the stretched pulse will have a
total width of 25 4~ 20 = 45 nanoseconds. The highest
possible frequency that the detector can handle for this
worst case is 1745 x 10" = 22 MHz. This is more than
twice as great as the maximum bandwidth of 10 MHz for
the circuit and therefore no problem.

Since storage time can be different from one transistor
to another of the same type, what effect will this have on
the linearity of the output signal? None! The only effect
is an increase in audio output. Suppose that in one circuit
the transistor used for the counter has a storage time of 10
nanoseconds. The total width of the stretched pulse will,
therefore, be 35 nanoseconds. The area of each pulse will be
35 nsec X 11 volts = 385 volt-nanoseconds. If the storage
time is 20 nanoseconds, the area becomes 45 nsec X 11
volts = 495 volt-nanoseconds. This causes the capacitor of
the integrator to charge up to a higher voltage than for the
385 volt-nanosecond pulse and more audio signal is avail-
able. However, this can be compensated for by the audio
gain control. The linearity does not enter into the problem.
Indeed, the pulse-counting circuit never goes out of adjust-
ment nor has to be aligned for linearity as is required
for conventional circuits.

The pulse-counting circuit is a remarkable innovation in
hi-f tuners. Perhaps if only vacuum tubes were available,
this unit would never have been developed. Because tran-
sistors are so small and efficient, the use of seven transistors
does not present any serious problems. With the greater avail-
ability and lower cost of integrated circuits, other innovations
in hi-fi equipment are on the horizon. Already this limiter-
detector appears to be a likely candidate for transformation
into an integrated circuit. A
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Front-panel view of new “'T-circuit’’
integrated stereo amplifier unit.

Operational Amplifier
Circuit for Hi-Fi

By B. N. LOCANTHI / vice President, Engineering, James B. Lansing Sound, Inc.

Technical details on the “T circuit” as employed in
the new JBL ultra-low distortion audio power amplifier.

S we gain more and more insight into the performance
of the human ear, the design of sound recording and
reproducing apparatus grows correspondingly more
sophisticated. \Whereas the critical audiophile was once
satisfied if his power amplifier could produce 10 watts at
1000 Hz with less than 1% distortion, he now expects at
least 25 watts per stereo channel with less than 0.5% dis-
tortion at any frequency from 20 to 20,000 Hz.

By making full use of today’s electronic technology, it
is possible to build an audic amplifier of such quality that
its complete performance cannot be accurately measured,
even with the best test equipment presently available. The
“T circuit” developed by the author is such an amplifier.

In a nwuber of respects, the “T circuit” is unusual, and a
United States patent is pending on the circuit. The basic
design philosophy, however, is an old one worth restating.
We believe that an amplifier should be designed for low
distortion and wide bandwidth without feedback. Negative
feedback is then added to make an already good design
perform even better; it is not used to “clean up” problems
in the basic design.

Some engineers think this is an old-fashioned idea. They
feel that by using great amounts of negative feedback, de-
sired performance can be obtained even from essentially
non-linear amplifying circuits, and that it is the perfor-
mance of the complete design that counts. This approach
can result in an amplifier which has impressive figures in all
of the standard specifications but which develops serious
performance faults when more eluborate testing techniques
are used.

In the circuit to be described, the operating parameters
of every stage are chosen for maximum transfer linearity,
which is just another way of saying lowest possible distor-
tion. And the operating mode of each stage is held constant,
irrespective of signal level. This means that we don’t
“shift gears” to take care of varying power levels, nor do we
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try to make the circuit “pretend” it is doing something
which in fact it is not.

The Amplifier Circuitry

The output circuit of the amplifier (Fig. 1) consists of
three cascaded complementary-symmetry emitter-follower
stages. The configuration has somewhat the appearance of
a bridged-T circuit, which accounts for its name.

The advantages of the complementary-symmetry emit-
ter-follower output stage, using one p-n-p and one n-p-n
transistor, are well known. Its output impedance is low so
that loads in the 4- to 16-ohm range can be driven without
the need for an output transformer. Transistor idling cur-
rent can be controlled so that the efficiency of class-B oper-
ation is approached but without the notch distortion common
to class-B amplifiers.

Most important, the complementary-symmetry configu-

Fig. 1. Three-stage oufput circuit. Note ‘T’ configuration.
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¢ POWER SUPPLY
AND T-CIRCUIT

A IR

Underside view shows two jumper leads between preamp and amp.

ration does not require a separate phase-splitter stage.
\When a signal is applied to the common driving point, one
transistor draws more current and the other draws less. In
the “T circuit,” the three cascaded emitter-followers in each
group all operate together as if the output circuit were a
single stage. (In practice, the transistors are biused close
to cut-off so that one group conducts primarily during posi-
tive half-cycles while the other group conducts mainly dur-
ing negative half-cycles.)

What are the special advantages of this arrangement?
First, the output circuit has exceptionally low drive re-
quirements. While the emitter-follower has no voltage gain,
it does provide considerable power gain. In this respect,
it is similar to the familiar vacuum-tube cathode follower.
The three output stages multiply output load impedance
by a factor of 100,000 as it is reflected back to the collector
driving point. Even though voltage gain is less than unity
{about 0.9), the power gain of the three stages is therefore
almost 100,000.

Another important characteristic of the circuit is its excel-
leut thermal stabilityv. Output transistors Q5 and Q6 are
connected directly to a high-current power supply of about
35 volts plus and minus potential. Each base of the output
stage has a low-resistance path for the collector-to-base leak-
age cwrent to flow through its opposite emitter driver stage.
Because the input driver collector load resistance is about

9000 ohims and because the output load impedance is multi-
plied by a factor of 100,000, the d.c. stability factor of the
circuit is better than 10. Thus, d.c. thermal runaway prob-
lems are essentially non-existent.

A single bias supply consisting of diodes D1 through D5
provides the necessary forward bias for all three cascaded
emitter-followers. The bias supply operates at a low current
level and dissipates very little signal power, vet it provides
all the advantages of diode biasing.

One disadvantage of the circuit is that successively higher
collector supply voltages are required for each driver stage
to take care of the saturation voltage drops of the preceding
transistors. The individual supply voltages are indicated in
Fig. 1.

This requirement leads to a rather complicated-looking
power supply but not an inordinately expensive one. By
using two additional low-current secondary windings for the
driver power supplies, a symmetrical “package” is obtained
which tums out to be somewhat smaller, physically, than
would be expected for an 80-watt amnplifier.

Performance of OQutput Stages

Before going into details of the associated driver stages,
let’s take a brief look at the performance of the output
circuit alone. Because each pair of transistors has a higher
beta cut-off frequency than the following pair, the over-all
frequency limitation of the circuit is determined al-
most entirely by Q5 and Q6, and the bandwidth of the
three cascaded stages turns out to be greater than 100,000
Hz. With this kind of frequency response, the classic text-
book rules regarding reduction of distortion and noise by
negative feedback do apply, as we shall see a little further
on.

Distortion measurements of the output circuit without
feedback indicate that at very low signal levels, total har-
monic distortion stabilizes at about 0.2% or 0.3% and then
increases to about 2.3% at 50 watts output per channel. This
certainly is not phenomenal in itself, but remember that we
are talking about performance without feedback.

An interesting thing happens to our distortion measure-
ments when the driver amplifier is added to the circuit.
This is a two-stage direct-coupled diflerential amplifier con-
sisting of four silicon transistors, Q7 through Q10 respective-
ly (Fig. 2).

The ditterential driver circuit was chosen for its insensitiv-
ity to supply-voltage changes. The symmetry of the output
circuit makes it likewise largely immune to a.c. power-line
surges.

Measuring the distortion of the complete five-stage am-

Fig 2. Schematic diagram of one of the two identical stereo power-amplifier channels using the new amplifier circuit.
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plifier, still without feedback, we find that the figures are
lower than for the output circuit alone! Harmonic distortion
at 1000 Hz and 50 watts output measures less than 1%.
Even at 20,000 Hz the circuit produces only about 1.5%
distortion (Fig. 3).

Why should the distortion of the whole amplifier be less
than that of the output circuit alone? It may be that the
distortions of individual stages tend to be slightly comple-
mentary, but the main reason appears to be that we are
now driving the output circuit with a partial-current gener-
ator instead of a zero-ohms source impedance.

Now let’s see what happens when the feedback loop is
connected. Fig. 2 is a schematic of one channel of the
complete stereo power amplifier. Note that the only cou-
pling capacitor is located at the input and that from this
point on the entire power amplifier is direct-coupled. Also
note that the feedback loop extends all the way from the
output of the amplifier back to the input terminals. No
stage, no part of any stage, is left outside the feedback loop.

The circuit therefore falls into the classification of d.c.
operational amplifiers, devices that are widely used in
telemetry and computer applications. Properly designed,
such an amplifier can be made to exhibit unconditional sta-
bility under any load condition and to maintain uniform
gain and low distortion down to d.c. The marginal stubil-
ity at subsonic frequencies which afflicts many amplifier de-
signs is notably absent.

When we try to pin down the performance of the com-
plete circuit, a rather interesting problem arises. In essence,
the amplifier is as good as or better than any available test
equipment. For example, we know that the total harmonic
distortion of the amplifier without feedback is about 0.5% at
1000 Hz when the amplifier is producing 30 watts into an
S-olim load. With a feedback factor of 50, distortion should
be reduced proportionately, resulting in a figiwve of about
0.01%.

But even with the most sensitive equipment and the
greatest care in excluding stray signals from the test hookup,
distortion can be meuasured accurately only down to 0.015%
or so. Because of this, the measurements graphed in Figs. 4
and 5 are probably accurate only where the curves climb
above 0.05%. Until the circuit is driven into clipping, dis-
tortion is so low that it cannot be specified with any degree
of exactness.

Fig. 6 shows the frequency response of the complete am-
plifier at 40 watts and one watt and with an open output cir-
cuit. The open-circuit response curve cannot be seen be-
cause it lies exactly along the one-watt curve, showing that
the open-circuit stability of the amplifier is excellent.

The circuit is stable under any passive load, resistive or
reactive. The inductor (actually only a few turns of very
low resistance wire) in series with the output is sufficient to
act as a buffer for certain capacitive loads which might
otherwise cause some ringing. Even without the inductor,
however, the circuit will not oscillate.

Overload Protection

We have already explained that the amplifier’s design
makes it largely immune to a.c. line-voltage surges. Its per-
formance when momentarily overdriven is equally impres-
sive. The circuit recovers from a 100% single-cvele over-
load in less than one-tenth of a cycle—at any frequency from
20 to 20,000 Hz. As far as we have been able to determine,
the unit recovers almost instantly from any overload at any
frequency inside or outside the audio spectrum.

What about prolonged overload, such as might result
from accidentally shorted loudspeaker connections? The out-
put transistors used in commercial versions of this circuit
have a d.c. power dissipation capability of about 150 watts
each. It should be empliasized that this refers to continuous
power, not brief pulses. Because of this high power dissipa-
tion capability, no exotic high-speed protective devices are
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required. The output circuit has a thermal breaker (not
shown in the schematic) which opens in one to 60 seconds
if excessive current is drawn. This is all that is needed to
protect the output transistors in the event of a short circuit.

As long as the amplifier is operated within the maximum
current-handling capacity of the output stage, any kind of
loudspeaker system, with almost any impedance rating,
can be connected without degrading the signal quality.

As described in this article, the “T circuit” is used in the
JBL Model SA-600 preamplifier/amplifier. It is also found
in JBL Models SE-400S and SE-408S. These are sophisti-
cated power amplifiers called “Energizers” because their per-
formance is tailored to match the requirements of the par-
ticular loudspeaker systems with which they are used.

In all three models, however, the “T circuit” provides 80
watts of continuous sine-wave power (40 watts per chan-
nel) with both channels operating simultaneously, with
power-line voltage as low as 110 volts, and with less than
0.2% distortion at any frequency from 20 to 20,000 Hz.
(Also see our “EW Lab Tested” on the SA-600 amplifier in
the December, 1966 issue.—Editors) A

Fig. 6. Frequency response into open circuit and 8-ohm load.
The input coupling capacitor has been shorted out to show the
good low-frequency performance of the complete amplifier.
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High-Speed
Punched-Card Readers

By WILLIAM BARDEN

Scientific Data Systems, Inc.

A new generation reads data at up to 2000 cards
per minute by the use of phoioelcetric techniques
and then encodes input data into computer language.

N the space ot two decades, computer speeds huve in-

creased a fantustic amount. Today’s third-generation

computers, which perform literally millions of onera-
tions in one second, have fur exceeded the speeds of their
predecessors.  Unfortunately, input devices, the peripheral
equipment that translates the “external” duta of electric
bills, bank statements, sales slips, and the like into a
language that the computer can understand, have heen
limited in their operational speeds simply because thev are
electre-mechanical devices.

Because input devices operate at a much slower rate
than the computers thev service, considerable timne is
wasted as the input section of the computer is forced to
wait while it accepts input data. With the large-scale com-
puter svstems ot today, the inaxim “Time is Money” is
especially pertinent.

In an eftort to increase the input speeds of external data,
a new generation of higl-speed input devices has appeared.
One of the most important of these is the high-speed card
reader, an input device that “reads” the familiar punched

Burroughs B129 reads 1400 cards per minute using photocells.
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cards that are so much a part of our antomated life. These
card readers read data at errvor-free rates of up to 2000
cards per minute, a relatively fast clip for a unit that does
mechanical hundling of this type.

This article will explain the codes used in encoding ex-
ternal data to “input” data on punched cards, a concept
which is at least three quarters of a century old, and the
operation of the relatively new high-speed card readers
that are emploved to encode input data into internal ma-
chine (computer) language.

Input/Output Devices

Punched-card readers belong to a group of devices
called input/output equipment, which a computer system
uses. Input and output equipment perform the exact func-
tions their names imply.

[nput equipment enables the lhuman operator of the
computer to provide data to be processed or stored by the
computer, One example of an input unit is a typewriter, a
modified version of a standard office machine. Using the
special tvpewriter, for example, an operator types the name
“Joe Nelson”, thereby encoding the name and reading it
into the computer. Another input device is a card reader,
in which the punch-coded name “Joe Nelson” on a card is
read by the card reader and simultaneously transmitted in
encoded form to the computer. With a magnetic tape unit
as an input device, each charvacter of the name “Joe Nelson”
is represented on a tape by a configuration of magnetized
spots which are eventually read and encoded to a form that
the computer can use. All external data, such as “Joe
Nelson”, or “$115.77” or “Pulaski, Wisconsin™, is then en-
coded to an input form on punched cards, magnetic tape,
or other miedia, read by one of the input devices described
or others, encoded to a form that the computer can under-
stand, and sent on demand to the central computer.

The central computer unit performs the programmed in-
structions on the data and transmits the results to an output
device. Examples of output devices are tvpewriters, print-
ers, or card punches. For the first two units, the output
results are printed out directly in alphanumeric or special
characters, such as “A”, “6”, and “#”. When an output unit
is a card pnnch, the output is punched on a card in coded
form. Output units then decode computer results and pro-
duce a directly readable, or indirectly readable, form of the
information that the computer supplies.

Input (and output) devices vary in speed and flexibility.
A typewriter input speed, for example, is limited by the
speed of the human operator; magnetic tape, however, is
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Fig. 1. The IBM card format is illustrated here with Hollerith-type punching.

able to feed information into the computer at a rate of
50,000 characters per second, thousands of times faster
than the typewriter input. Card-reader speed falls some-
where between that of the typewriter and magnetic tape.

Although punched-card records are not able to be read
into a computer as rapidly as records on tape or some other
media, there are a number of reasons why punched cards
are widely used for computer input. The cost of the cards
is low, typically 0.2 cent per card. Cards can be easily
replaced if damaged or easily modified if data changes
simply by punching a new card. Most important, each
card is a unit record, or complete data on one subject;
“files” of cards, or collections of cards about one particular
set of subjects, then, are eusily expanded or modified by
replacing, deleting, or adding individual cards. If five em-
plovees were added to a company’s pavroll, for example,
five new cards would be punched and inserted in alpha-
betical order in the pavroll file. To add the five sets of data
to a magnetic tape might mean rewriting the tape.

To increase the input speed to the computer, the data on
a file of cards is sometimes converted to magnetic tape be-
fore it is read into the computer. This is often the case in
large data processing applications involving semi-perma-
nent records. Whether the card reader is used “on-line”
as a direct input to the computer or “oft-line” as an input to
a unit not under computer control, the faster the card
reader is able to provide the data on a file of cards, the
faster the collection of records will he processed.

Punched-Card Formats and Coding

The idea of using punched cards to store data or records
is not a recent one. In the early 1800°s, a I‘renchman
named Jacquard used punched cards to operate a special
tvpe ol textile loom. Later, in the 1830’, Babbage, an
English scientist, proposed an “analytical engine”, a calcu-
lator which was to have been very similar in principle to
today’s computers. Although the machine was never built,
it would have used punched card input and output. NMany
of the present ideas about punched-card processing came
from the work of Dr. Herman Hollerith, whose tabulating
machine was used to record the 1890 census by the use of
paper tape. Hollerith later founded the forerunner of Inter-
national Business Machines Company.

Today there are two types of punched-card formats, the
IBM and the Remington-Rand. Both use a card with the
same physical dimensions, 7%” long by 34%” wide by about
0.07” thick. The differences between the two lie in the
number of columns that each uses and the type of punch
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hole. The [BM is divided into 80 columns and uses rec-
tangular punch holes, whereas the Remington-Rand has 90
columns and uses circular punch holes. Since the IBM
format is the most commonly used, it will be the one dis-
cussed here.

The [BM tormat is shown in Fig. 1. Each card is divided
into 80 vertical colunims and 12 horizontal rows. Normally,
ten of the rows are numbered on the card (0 to 9) and
two are unnumbered (11 and 12). There are, therefore,
960 punching positions on the card; how these are punched
will determine what data is present on the card.

There are two 4ypes of punch codes that are generally
used on the IBAM card, binary and Hollerith. The two are
capable of representing exactly the same data, but differ in
the number of punching positions that are required to
represent a character,

Two types of binary punching are shown in Figs. 2 and
3. Fig. 2 illustrates row binary punching. In this tvpe, the
data is arranged across the rows of the card as shown.
Computer systems handle data in groups of binary digits
called “words”. One computer, for ewunple, may use
words of 36 binary digits (bits). The first card input word
for a computer using this word length is represented by
the first 36 punching positions, reading from left to right in

IBM Model 1622 card reader/punch combines both functions.

e e
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coded in Hollerith can represent up to
80 characters; each column represents
one character. The code used is rela-
tively simple: Rows 1 through 9 are
called the “numeric” portion of the
card. One punch in one of these rows
with no punches in another row repre-
sents the digits 1 through 9, respec-
tively. A punch in one of the numeric
rows and one punch in one of the rows

WORD 26(COL 76-78)
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the “zone” portion of the card. Special
characters such as “$” or “;” are repre-
sented by one punch in the zone por-
tion and one or two punches in the
numeric portion of the card. The basic
Hollerith code includes 47 characters,
but the code may be expanded to in-
clude other special characters by other
two- or three-punch configurations. Fig.
1 is an example of a card encoded in
Hollerith.

Both Hollerith-encoded and binary-
encoded cards can be read rapidly and
b accurately by the high-speed card read-

n

row 9 (columns 1 through 36). The second word is repre-
sented by the next 36 punching positions in columns 37
through 72, ete. Columns 73 through 80 are blank so that
the two words occupy the same relative position.

The last four digits of word number one are 1000, where
1 is represented by a punch hole and a zero by the absence of
a punch hole in the punching position. Notice that the most
significant digit of this group, the 1, is actually farthest to
the left on the card. In the binary number system, the
last four digits of this word represent (1 X 2°) + (0 X 27)
4+ (0 X 2') + (0 X 2°), respectively, or decimal 8.

All 36 bits of the first word are a complete binary
number with a decimal equivalent of, say, 1285839. The
word, however, does not have to represent a 36-bit binary
number, Among other things, it may represent a series
of alphanumeric and special characters. What the 36 bits
represent is dependent upon the type of coding being used
in the computer system and what the equipment has been
programmed to read. As an example, one type of coding
uses six binary digits to represent the characters. Six
binary digits may represent binary values of 000000 to
111111 (decimal values of 0 to 63); 64 different characters
may then be represented by the different configurations
of the six digits. A 36-bit card word, then, may represent
six characters of six digits each. The last group of six
digits, 011000, a decimal 24, represents the character “H”,
the next, another character, etc.

Fig. 3 illustrates another type of binary punching, called

44

ers that are used in today’s computer
systems. Basically, most card readers consist of a mecha-
nism to transport the cards, a reading unit to detect the
punch/no-punch condition of the punching positions, an
encoding section to encode the reading unit signals to a
form acceptable to the computer, and a clock generator to
control the input of encoded data into the computer.
However, card readers differ in two principal ways, the
direction in which the card is moved and read and the
type of read unit emploved.

One sort of read unit is a brush-contact type, which
senses punches by contact of a wiper with a metal plate
through a hole in a punching position. Another type is the
photo-electric read unit, which senses punches by illumina-
tion of a photocell through a hole in a punching position.

To pass a card past the read unit, many card readers
move the card widthwise through the machine and read
all 80 columns of one row of the card at one time. The
output data from the read unit in this case is an example
of data read in a “parallel” fashion. When reading column
binary data, for example, the two words of data in one row
of a card are available at the same instant of time. If the
first word of a column-binary-encoded card is the binary
configuration representing the six characters “Nelson”. for
example, the complete set of signals for the full six char-
acters are available at one time, or in parallel.

Other card readers move the cards lengthwise under the
read unit and read one column of a card at one instant of
time; the adjacent column is read a short time later when

ELECTRONICS WORLD
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it passes under the read umit. This is an example of
“serial” data; complete data for all columns is available in
a series of outputs at 80 distinct times. If the characters
“Nelson” are encoded on columns 5 through 10 in Hol-
lerith and the card is moved and read lengthwise, a sct of
signals representing the “N” of “Nelson” is first available,
followed slightly later by the “¢”, and so forth.

With the variations in read units and card movement
noted, a representative high-speed card reader employing a
photoelectric read unit and a serial reading operation will
be discussed. Card movement and a block diagram of this
typical card reader are shown in Fig. 4.

The operator stacks the deck of cards to be read into
the input lopper. The first card is fed “mannally” from the
input hopper to an alignment station where it is physically
aligned in position. Once aligned and after a command
from the central computer to read cards, the first card is
moved lengthwise under the read station. At the read sta-
tion, the read unit transforms the data on the card into
electrical pulses. After reading, the card is deposited in a
stacker.

During the time the first card is being moved from the
alignment station towards the read station, a second card
is being fed out of the iuput hopper and into the alignment
station. At the same time that the first card is being de-
posited in the stacker, the second card is being read, and a
third card is moving toward the alignment station. In this
manner, a continuous stream of cards is fed out of the
input hopper, past the read station, and into the stacker.

The read station is composed of twelve photocells; each
photocell has an associated amplifier
elsewhere in the card reader assembly.
A punch hole in a row of the card al-

Fig. 4. Block diagram showing the .
operation of a photocell reader. =

the 2° and 2° data lines from the encoding section are at a
positive voltage level and the four other lines are at a zero-
volt level, us shown in Fig. 5. These lines in parallel rep-
resent (1 X 2°) + (0 X 2') + (0 X 2°) + (0 x 29)
+ (0 X 2") 4+ (1 X 2°), or a decimal 33. In the same
fashion, the other characters are represented by the six
output lines. Notice that while the data output is in serial
form from a character viewpoint (one character presented
at a time), each character is represented by a parallel out-
put of data. For the name “Joe Nelson”, the six output
lines have ten different outputs at ten different times.
Since the outputs for different characters appear at dif-
ferent times, the computer must have a means of syn-
chronizing the reception of this data with its processing. A
clock signal generator in the card reader mukes the sets of
outputs meaningful by supplving a clock pulse at the exact
time that each column passes under the read head. For
each card that is read, 80 clock pulses are generated; each
clock pulse informs the computer that a new column is
being read. For a typical card reader, the clock generator
is an 80-toothed wheel. As each tooth passes a reluctance
pickup, the pickup generates a pulse. The wheel is geared
to the card reader drive mechanism so that the clock pulse
output is synchronized with the reading of each column.
This article has explained the basic principles of punched-
card encoding and high-speed card reading. Although other
types of input devices, such as optical readers, are gaining
popularity, it appears that punched cards and high-speed
card readers will remuain the workhorses of input devices
for some time to come. A

lows the photocell over that row to be

CARD MOVEMENT

illuminated. With no punch hole, the
photocell for that row remains dark.
When a photocell is illuminated, its
corresponding  amplifier  produces a
positive  voltage output. \When the el T
photocell is dark, the amplifier output
is at a zero-volt level.

The output of the twelve photocells 4
at the exact time that one colummn is
directly under the read units represents
the state of the twelve punching posi- wird E A
tions of that column. Tmagine that 4
the card columns 8, 9, and 10 are
punched in Hollerith-encoding to rep- =
resent the data “Joe”. If the time that
column 8 is directly under the photo-
cells is called Ts, the time that column
9 is directly under, T,, etc., then the
output of the twelve “data lines” from
the photocell amplifiers is as shown in
Fig. 5.

The data lines go to the encoding n
section of the curd reader. The pur-
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Fig. 5. Data-encoding system that is employed in a photocell reader.
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lines: the six lines represent, respec-
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Consider the previous exanple of the
punched word “Joe”. “T” may be rep-
resented in the computer by 100001 (a
decimal 33). When column 8 is read,
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16 1.23
1.

320 1.33

640 1.33

The Damping Factor Debate

What do the numbers really mean and do very high amplifier
damping factors have any noticeable effect on performance?

By GEORGE L. AUGSPURGER

James B. Lansing Sound, Inc.

OME amplifier manufacturers have introduced circuits
that have much higher damping factors than con-
ventional units. A high-quality “traditional” vacuum-

tube amplifier can be expected to have a damping factor
ranging from 10 to 20, but some of the newer tran-
sistorized units boast of damping factors greater than 100.
Moreover, advertising and promotional literature for these
models explains that the damping factor is a sort of figure
of merit indicating the degree of control which the am-
plifier has over the loudspeaker. The higher the damping

— - —e
INPUT AMP. QUTPUT INPUT SPKR.
e . o—

Fig. 1. Amplifier and speaker represented as ‘'black boxes*.

INTERNAL IMPEDANCE VS

Rs DAMPING FACTOR FOR
Ol b— \MWMM—0 8N QUTPUT
GEN. Rg | DF
O— . —20
8n \ I
| 8
ol 80
Fig. 2. The omplifier acts like a generator with resistance.
Ryc | RATED IMP. Rve
22n . SPKR.
2.8 16 O

Fig. 3. Speaker resistance is about 80% of rated impedance.

Fig. 4. R, and Ry dre in series between the amplifier and speaker.

Rs Rve
>

AMP. SPKR.

o——
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factor, the more accurately the speaker is controlled and
the better the performance. Is this right?

The subject is really pretty simple, but not quite fhat
simple. To get started on the right track, let’s go back and
leok at a few of the more basic things about audio power
amplifiers.

We can represent an amplifier as a black box with a
set of input terminals on one side and a set of output
terminals on the other, as in Fig. 1. And we have indicated
a loudspeaker in the same way, except that instead of out-
put terminals there are some sound waves emanating from
the far side of this particular box.

The Loudspeaker Load

The next step is to connect the speaker to the output
terminals of the amplifier. As far as the speaker is con-
cerned, when it “looks back” at the amplifier, it “sees” a
generator of audio signals which acts as though it has a
certain eflective internal impedance. This can be repre-
sented as a resistor connected in series with the output
terminals. Don’t be misled by the fact that the resistor
is imaginary—the behavior of the amplifier is exactly the
same as if there were a resistor in plain sight on the back of
the chassis. (Of course, genevator impedance includes re-
active characteristics too, but for our purpose here, a simple
resistor will do nicely.)

By taking the internal impedance of the amplifier (Ry)
and bringing it outside the black box, we armrive at Fig. 2.
R, may be relatively large or it may be small. It may even
be non-existent (zero internal impedance is not too hard
to achieve in practice).

We assume that the black box itself produces a constant
output voltage regardless of load. Nevertheless, a certain
load impedance is required for a certain output power at
minimum distortion. This is the impedance that the ampli-
fier must “see” when it “looks” at the speaker load and is
the rated load impedance usually indicated at the amplifier
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output terminals. We will assume that the rated load im-
pedance is 8 olims in this case, no matter what the value
Of Rs.

If we were going to nse the amplifier to drive a con-
stant-resistance load, it wouldn’t matter whether the in-
ternal impedance was one ohm or 10 ohms or 10,000 ohms.
But because the amplifier is used to drive a loudspeaker,
the value of its internal impedance becomes « most im-
portant factor.

For one thing, a loudspeaker does not present a constant
load to the amplifier. An 8-ohm loudspeaker may measure
6 ohms at some frequencies and GO ohms at others. If the
amplifier has a high intermal impedance, the voltage at the
loudspeaker terminals will go up as impedance goes up and
go down as impedance goes down.

Secondly, a loudspeaker cone has inertia. It has to be
stopped and started and moved back and forth in very
complicated patterns. If the internal impedance of the am-
plifier is too high, the speaker will move the way it wants
to move instead of the way that the amplifier tells it to
move.

The Damping Factor

Rather than specify the value of R., it has become com-
won to translate this into a figure which is called the
damping factor (DF) of the amplifier. As we have seen,
it really has more to do with coupling than damping. One
definition of damping factor is the ratio of rated load im-
pedance to the amplifier’s own internal impedance.

For our 8-ohm black-box amplifier, an internal imped-
ance of 8 ohims gives a damping factor of one. An internal
impedance of one ohm gives a damping factor of 8. And if
R« is ouly 1/10 ohm, the damping factor is 80. These fac-
tors are shown in Fig. 2.

This being the case, common sense leads us to helieve
what the proponents of high damping factors say in their
sules literature, namely, that the damping factor is a
numerical indication of coupling between amplifier and
londspeaker and the higher the figure, the better off we
are.

Unfortunatelv, we cannot always rely entirely on com-
mon sense. For one thing, a particular loudspeaker may not
require a high damping factor to accurately follow the
signal from the amplifier. Some loudspeaker systems give
smoothest performance if the amplifier has a damping
factor somewhere between one and three.

But there is another property of dynamic loudspeakers,
all dynamic loudspeakers, that has to be appreciated to
reallv understand how the damping factor works. It is this
other half of the actual damping factor which so many
people seenmi to ignore.

A dynamic loudspeaker has a voice coil, and the voice
coil has electrical resistance. In most practical cases, the
d.e. resistance of a loudspeaker is about 80% of its rated
impedance. This 'is not always the case because different
manufacturers use different impedance-rating methods, but
such variations will not affect what we are talking about.
Let us suppose, therefore, that our 8-ohm black-box speaker
has a d.c. resistunce of about 6.4 ohms.

The voice-coil resistunce is effectively in series with the
“working” parameters of the loudspeaker, just as is the
internal impedance of the amplifier. And this time it isn’t
even an imaginary resistor; it is a real coil of wire that
measures 6.4 ohms with a v.o.m.

Instead of the circuit of Fig. 1, what really happens
is shown in Fig. 4. The resistance that isolates the loud-
speaker from the amplifier is not just Re, but rather Rs
plus Rie. When the two are connected together, neither
the speaker nor the amplifier can distinguish between R,
and Rye. The actual damping factor depends upon the
sum of these two resistances, not upon one or the other.

Table 1 shows the specified damping factor of an am-
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Amplifier R, Actual
(ohms) Amplifier DF Over-All DF
8 1 0.57
4 2 0.80
2 4 1.0
1 8 1.14
0.5 16 1.23
0.25 32 1.28
0.125 64 1.30
0.05 160 1.32
0.025 320 1.33
0.0125 640 1.33
0.0000 Infinity 1.33

Table 1. The actual damping factor (with loudspeaker connected)
is limited by the speaker voice-coil resistance. Figures are for
8-ohm output terminals to which speaker having nominal 8-
ohm impedance and 6-ohm voice-coil resistance is connected.

plifier against the actual over-all damping factor for a wide
range of generator impedance values when the amplifier is
connected to an 8-ohm speaker. The actual damping factor
values are computed by adding R. and Ry, then dividing
bv the rated load impedance. In this instance we have used
an 8-ohm loudspeaker with a d.c. resistance of 6 ohms to
prepare the chart. The exact figures are not particularly
significant—the point is that the resistance of the speaker
voice coil is the limiting factor.

Note that changing the amplifier damping factor from
unity to 8 makes a substantial change in the actual damp-
ing factor, though it is not a 1:8 change but a 1:2 change.
But changing the damping factor from 8 to 16 makes very
little difference in the actual damping factor, and anyvthing
more than 16 has very little effect indeed. If we increase
the dumping factor from 16 to 160, the change is effec-
tively less than 10%, not 10 to one.

Conclusions

It should be obvious at this point that the quoted damp-
ing factor of an amplificr is important only if the figure
lies somewhere below 20 or so. Changing the damping
factor from 2 to 20 does change the performance of the
loudspeaker system (for better or for worse, depending
upon the speaker). But trying to prove that a damping
factor of 200 is somehow better than one of 20 is pretty
unconvincing because the effective difference in the partic-
ular case cited is only that between 1.25 and 1.32.

But someone is bound to insist that exhaustive tests have
been made with such and such an amplifier and that a very
high damping factor is better than one down around 10 or
15. “The bass is just a little cleaner, just a little more
natural and open,” is the way the argument usually runs.

In a given situation, this may very well be true. R.is a
byproduct of negative feedback. The more such feedback
that is thrown into a power amplifier circuit, the lower the
generator impedance and the higher the damping factor.
The point is simply that if a lot of feedback has to be used
to lick the distortion in a particular circuit, fine--use it. But
don’t believe that the reason it sounds good is hecause of
some astronomically high damping factor.

When I get a letter from someone who is worried about
buving a certain amplifier because it has a specified damp-
ing factor of “only” 15 or 16, I can’t help but remember
an old, old joke. It goes like this:

A scientist is giving a public lecture. During the course
of his speech, he predicts that in 100 billion years human
life will become extinet. A man in the audience, obviously
upset, asks the lecturer to repeat the statement.

“I said,” quotes the professor, “that in one-hundred bil-
lion years, human life will no longer exist.”

“Oh, thank goodness,” replies the man, much relieved.
“I thought vou said one-hundred million!” A
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New Developments in CRT Phosphors

By JOHN R. COLLINS

Much brighter displays, transparent phosphors, phosphors that change color,
very long persistence types, and rare-earth phosphors for improved color-TV
are only a few examples of phosphor improvements covered in this article.

VEN a cursory examination of available cathode-ray
tubes will reveal that they are better than they were
just a few vears ago. TV picture tubes are brighter,

less susceptible to burns, and, in the case of color tubes,
give more natural color reproduction. New oscilloscope
tubes offer high resolution, better contrast, low visible
“noise,” and even variable persistence. Similar advances
are found in tubes for radar display, optical scanning, and
data readout.

Much of the improvement is traccable to new and better
phosphors that are now available in sufficient variety to
meet almost any demand. In addition, a number of

Fig. 1. CIE chromaticity diagram (horseshoe curvel permits
plot of all colors. Triangle is range of color-TV phosphors.
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schemes have been devised to increase versatility and
provide new effects. Some of the more important prob-
lems and developments are described in this article.

Composition of Phosphors

The term “phosphor” refers to any of a group of inor-
ganic compounds that emit light when bombarded with
electrons. Luminescence which occurs during actual exci-
tation is called fluorescence, while luminescence that per-
sists for more than 10 nanoseconds after the excitation
ceases is called phosphorescence. In some phosphors,
phosphorescence is different in color from fluorescence.

Most phosphors are oxides, silicates, or sulfides of such
elements as zinc, calcium, cadmium, and magnesium.
Fluorides are also used when long image retention is de-
sired. In almost all instances, phosphors are distinguished
by the presence of a trace impurity, called the activator,
which has been combined at high temperature with the
basic compound and which influences its crystal lattice
structure. Manganese, coppet, silver, zinc, and various other
metals have been used as activators.

Although phosphor operation is not fully understood, it
is generally agreed that electrons are removed from mole-
cules and energy is absorbed under cathode-ray bombard-
ment. As electrons return, energy is rcleased in the form of
light. The process is controlled by the activator, which
traps free electrons and slows their return to the molecule.
Variations in color, brightness, and persistence may result
from the use of different activators or from small variations
in their concentration. In one tyvpe of color picture tube,
for example, silver-activated zinc-cadmium sulfide is used
for both the green and red phosphor.

In describing a phosphor, it is customary to name both
the base material and the activator, separating the two by
a colon. A silver-activated zinc-sulfide phosphor, for ex-
ample, is written ZnS:Ag.

Phosphors are relatively inefficient devices. Only 3% or
49 of the electron-beam energy is converted into light.
The remaining energy is converted into heat which must
be dissipated by the screen. Phosphor bums may occur if
heat is generated more rapidly than it can be dissipated.

Phosphors have been classified into groups Pl through
P35 by the Joint Electron Device Engineering Councils
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(JEDEC) of the Electronic Industries Association and the
National Electrical Manufacturers Association (see Table
1). Some of the types are no longer in general use.

It should not be inferred that there are no more than 35
different kinds of phosphors, since a number of different
formulas may be included in a single P group. RCA, for
example, offers four different kinds of P4 phosphors for
black-and-white television tubes: one type for aluminized
picture tubes, a similar type but with a special burn-resis-
tant coating for non-aluminized picture tubes, and two
different phosphors to meet the special requirements of
projection kinescopes. One projection tyvpe is made of two
phosphors applied in a single layer, whereas the other pro-
jection type achieves added brightness by cascading the
same two phosphors on a third phosphor. Similarly, there
are at least three different P22 phosphor combinations for
color tubes.

In addition to these factors, many phosphor develop-
ments have not been registered with JEDEC. Amperex,
for example, has recently introduced on its latest oscillo-
scope tubes a new phosphor designated as GP which, the
firm reports, has the persistence of a P2 phosphor and the
spectral response of P31. The addition of the blue responsc
improves writing speed and provides a brighter trace.

Altogether, it is estimated that there are several hundred
non-registered phosphors.

It should be noted that even among registered phosphors
the method of preparing, processing, and depositing may
vary considerably from one company to the next, and the
product may be of quite different degrees of excellence.
Actual methods of preparation are usually kept us careful-
ly guarded secrets within the industry.

Describing Color

Tables of phosphor characteristics usually specify the
wavelength of peak radiant energy. Although this gives an
indication of color it is not precise, since the radiant energy
may not be concentrated at the peak but may instead be
spreadt over a considerable part of the spectrum. An ex-
act description of color is provided through the use of the
CIE (Commission Internationale de TU'Eclairage) chroma-
ticity diagram shown in Fig, 1.

The chromaticity diagram is an ingenious device which
permits the displuy of what is essentially three-dimensional
data on a two-dimensional chart, The principle is not
difficult to understand. Given a sample light of uny color,
it is possible to obtain an exact match by a proper mixture
of the primary colors red, green, and blue. In practice.
this is done by an optical instrument in which known
proportions of light of each of the primary colors are
combined and the proportions varied until a« match is
obtained with the color under test. The amount of each
color is then expressed as a ratio to the totul so that the
sium of the three ratios will be 1.

To illustrate, in the case of a blue P11 phosphor, the
proportions of primary colors needed to effect a match are
red 0.139, green 0.148, blue 0.713 (total 1.000). Since
the total of the three primary ratios will alwayvs equal 1 no
matter what color is analyzed, the third color can be
found if the other two are known. In the CIE syvstem,
therefore, colors are located on the chromaticity diagran
siniply by plotting red on the x axis and green on the y
axis, omitting blune. The P11 phosphor would accordingly
be plotted as shown in Fig. 1.

The horseshoe-shaped curve shown in Fig. 1 is a plot of
the wavelengths of light in the visible spectrum. [t en-
compasses all possible colors and considerably more hues
than can be obtained through combinations of available
paints and dves. The triangle inside the curve was formed
by joining the points plotted for the red, green, and blue
components of a typical color kinescope using  silicate
phosphors. Since any color that can be reproduced will be
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Fig. 2. Comparison of relative luminosity of rare-earth red
phosphor and conventional sulphide type red-emitting phosphor.

a combination of those three elements. it is possible to
plot any of the kinescope colors within the triangle. A
wider range of colors would obviously be possible if the
triangle were enlarged. This might be done by developing
a greener green, a bluer blue, or a redder red which would
fall beyond the limits of the present components. How-
ever, the existing range compares favorably with the
colors that it is possible to obtain with paints, dves. or
inks. so more attention is being devoted to improving
brightness than to extending the range.

Rare-Earth Phosphors

Color-TV picture tubes are inherently less efficient than
monochromne tubes because the shadow mask transmits
only 15% to 20% of the electron beam. Furthermore.
producing white light with a three-component phosphor
system is a relatively inefficient process. These difficulties
have been overcome largely through increasing the power
consumption and operating color tubes at much higher
beam current than is needed for monochrome tubes.

Until recently, however, the total brightness of color
picture tubes was limited by the fact that a red phos-
phor had not been developed to match the efficiency of
available blue and green phosphors. To obtain proper
balance, it was therefore necessary to deaden the blue and
grcen phosphors. This affected the brightness of the entire
tube and was especially noticeable in monochrome pro-
grams.  When color highlights were shown, the relative
liminosity  of red would decline as the electron-beam
current density was increased. and this would result in a
shifting of color balance so that whites, for instance,
would tend to appear blue or green.

This situation has been greatly improved through the
use of a new red phosphor—europium-activated vttrium
orthovanudate (YVO,:Eu)—to replace the previously used

49

www americanradiohietorv com


www.americanradiohistory.com

silver-activated zine-cadmium sulfide (ZnCdS:Ag). A com-
parison of the two is shown in Fig. 2. Although both peak
at about the same wavelength, the energy of the rare-eurth
phosphor is concentrated in a narrower band. Whereas the
sulfide phosphor cinits energy aver a large part of the
spectrum from vellow-green to red and has a reddish-
orange appearance, the rare-earth blend appears pure resd.

Persistence

Persistence is the time it tukes the trace on a phosphor

screen to fade to 10% of its original brightness. This time
may vary widely, depending upon the use for which the
tube is intended. The ordinary TV picture tube has a per-
sistence of about 60 microseconds. A long persistance is
obviouslv nndesirable, or one picture would be superim-
posed on anotlier. Even shorter persistence is desirable for
fast-writing oscilloscopes, and these often use a P11 phos-
phor which has a persistence of 34 microseconds and
which gives a high-intensity blue fluorescence that is excel-
lent for photographic purposes. Ilying-spot tubes often

Takle 1. Phosphor characteristics. (Phosphors made by various manufacturers may have

COLOR OF
PHOSPHO-
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LENGTH
(millimicrons)

450
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525 Oscilloscopes:
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B/W TV

Projection
B/W TV

Projection
B/W TV
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recording

‘Obsolete. Originally used
in B/W TV
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555
— ﬁdar. (Not a luminescent material. Dark
trace screen normally white darkens under
electron bombardment.)
460 " Photographic recording
590 ‘Radar, low flicker
640 No fonger in general use
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and where repetition rate is
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510 ?hotographic recording; flying
and spot scanning systems
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spot scanning systems
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and in use
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employ a P16 plosphor which has a persistence of only other persists for about 400 milliseconds, nearlv half a

0.12 usec. second. Under proper lighting conditions, a trace can ac-
Long persistence is important for observing slow-mov- tuallv be viewed at a level far below the 10% point. It is
ing phenomena.  The best-known phosphor for such thus possible to observe phenomena on o P7 screen for as
purposes is P7. which is really @ combination of two phos- long as several minutes. Tubes with the P7 phosphor
phors—a  medimm-short purplish-blue  phosphor made  of are often used for radar and for observing mechanical
silver-activated zinc sulfide cascaded on a long-persis- systems and biological processes, such as electrocardio-
tence vellowish-green phosphor consisting of C()ppor -acti- grams, where changes are comparatively slow. Fig. 3
vated zinc-cadmium sulfide. The first phosphor decavs to shows some tvpical persistence characteristics.
the 10% poimt in abont 50 microseconds, whereas the An interesting new development is a variable-persistence

somewhat dlfferen' churcc!erughcs) Phosphcrs DB P9, and P30 are no Ionger used.

JEDEC COLOR OF PEAK WAVE- ~ APPLICATIONS
TYPE PHOSPHO- LENGTH
NO RESCENCE (mlllumicrons)
P19 Orange 595 Radar, low fiicker
P20 Yellowish- 560 ”Radar; hig?l-VISIDillfyij;spla-ys'
Green
P21  Reddish- 606 Radar, low flicker
Orange
P22 Purplish- 450 Color TV
Biue
Yellowish- 525 (Sulfide-Siticate-
Green Phosphate type)
Reddish- 638
Orange
p22 Purplish- 450 Color TV
Biue
Green 515 (All-sulfide type)
Purplish- 680
Orange
P22 | ~ Purplish- 450 Color TV
Blue
Green 530 (Rare-earth type)
Red 619
P23  White 460 Sepia tone TV
and
575
P24 Green 510 Flying-spot scanning
systems
P25 Oraage N 610 Radar; military displays
where repetition rate is
10 seconds to 2 minutes
P26 Orange 595 Radar
P27 Reddish- 638 0ld color TV
Orange red component
P28 Yellowish- 550 Radar
Green
P29 - - Military radar; target
identification equipment;
collision course indicators
P31 Green 522 Oscilloscopes
P32 Yellowish- 470 Radar
Green and
550
P33 ~ Orange 588 ~ Radar, low flicker
P34 Yellowish- ¥7490 Radar,; o-sc_illoscopes;
Green information storage
P35 Blue- 486 PhoTographlc recording
White

‘C[ﬂSslﬁC’lthn Ol persistence 1o 10 ¢ ‘el u-nlonp.~l second or aver onq—lOO mxlllsecon s to 1 second; m.edxum-l mxlllsccond to 100 mllhseconds medium
short—10 microseconds to ¥ mlllxsecond short—1 microsecond to 19 microsecon 5. ve: 'y short—less than 1 microsecond.
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Fig. 3. Persistence characteristics of typical CRT phosphors.
{A) P1: medium for oscilloscopes. (B) P4: medium-short for
black-and-white TV. (C) P16: very short for flying-spot scan-
ners. (D) P26: very long for use in radar display systems.

cathode-ray oscilloscope, made by Hewlett-Packard, which
is capable of providing persistence that is continuously
variable from about 0.1 second to several minutes, or of
storing traces for hours or days. Variable persistence is
achieved through the use of a specially designed storage
tube and unique erase circuitry. In this tube, a storage
mesh located just behind the phosphor screen is coated
with a highly resistive laver of magnesium fluoride. A
positively charged pattern is etched on the storage mesh by
a write gun which is similar to the gun in a conventional

Fig. 4. Relative luminosity of typical P4 phosphor (television
type) compared to the relative sensitivity of the human eye.
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cathoderay tube. The pattern is formed by knocking
electrons loose from the storage mesh through secondary
emission. Because magnesium fluoride has excellent insu-
lating properties, the pattern remains fixed and does not
spread to adjacent areas. The collector mesh carries only
a low charge and therefore does not interfere with the high-
velocity electrons which pass through it to reach the mesh.

The pattern is transferred to the phosphor by means of
flood guns which spray low-velocity electrons toward the
screen. Most of these are picked up by the collector mesh
and never get to the phosphor screen. In the area near the
stored positive charge on the storage mesh, however, the
positive field pulls some of the Hood-gun electrons through
the collector mesh. The charge on the phosphor screen is
quite high (7.5 kV) and the electrons coutinue through the
storage mesh, strike the phosphor, and produce a trace.

The trace is erased by applying a negative voltage to the
storage mesh which washes away the stored positive charge.
Variable persistence is obtained by regulating the rate at
which the erase voltage is applied. In practice, this is done
by utilizing negative pulses for the erase voltage. The
width of these pulses (therefore the rate of erasure) is
controlled by a width control on the erase pulse generator.
Narrow pulses provide long persistence, whereas wide
pulses speed erasure. Through proper control settings, the
instriament can also be operated as either a conventional
oscilloscope or a storage oscilloscope.

Phosphor Combinations

A number of cathode-ray tubes utilize two or more
phosphors to obtain desired effects. A familiar example is
the conventional television picture tube, where to obtain
white light it is necessary to have emission over more or
less the entire visible spectrum, from violet through red.
This is accomplished by applving to the faceplate a single
laver of a blend of two phosphors which together cover the
desired range. Although several blends have been used, the
most common mixture is a blue phosphor of silver-acti-
vated zine sulfide and a greenish-vellow phosphor of silver-
activated  zinc-cadmium  sulfide.  The characteristics  of
this plosphor ave shown in Fig. 4. The combination is
quite efficient, and modern television sets can readily be
viewed in well-lighted rooms.

Color picture tubes are made by depositing three dif-
ferent phosphors in ovderly arrays of dots to obtain the
basic green, blue, and red colors. Although the principle
is simple, the actual production of such faceplates is quite
difficult. In practice, each color is deposited separately
through a photographic process. To start, a shury of each
phosphor is prepared, and ammonium dichromate is added
to make the mixtures photosensitive. The first phosphor
slurry is flowed over the faceplate, and the faceplate is
spun to remove excess liquid and to provide uniform
thickness. A dot pattern is then fixed on the surfuce by
exposing the plate to ultraviolet light through @ mask which
contains the desired dot pattern. Following this irradiation,
the screen is sprayed with water. The phosphor in the
areas unexposed to radiation is washed away, leaving the
dot pattern of the first powder. The entire process is then
repeated for the second and third phosphors in tum. The
ultraviolet light source is moved into a different position
each time to project the dot pattern so that the final triad
arrangement can be formed.

Several phosphor screens are composed of two separate
compounds which are applied one on top of the other. In
addition to P7, which was previously described, types
P14 and P28 are two-layered phosphors used for radar,
Having diflerent decay characteristics, they permit more
versatile applications than are otherwise possible.

Work has also been done on layered phosphors for two-
color display tubes in which a change in color is effected
by means of a shift in the (Continued on page 70)
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How To Have Fun While You Save...

Regardless

0f What You Pay
For A Color TV...

It Can’t Perform As
Well As This
New Heathkit “180”
For Only $379%"

Here’s Why!

Exclusive Features

That Can’t Be Bought In Ready-Made
Sets At Any Price!

All color TV sets require periodic convergence
and color purity adjustments. This new Heath-
kit GR-180 hus exclusive built-in servicing aids
so you can perform these adjustments anytime
... without uny special skills or knowledge. Just
flip a switch on the built-in dot generator and
a dot pattern appears on the screen: Simple-
to-follow instructions and detailed color photos
in the GR-180 manual show you exactly what
to look for, what to do and how to do it.

Results? Beautifully clean and sharp color
pictures day in and day out . . . and up to
$200 savings in service calls throughout the

lifc of your sct.

Exclusive
Heath
Magna-Shield!

This unique metal shicld surrounds the entire
picture tube to help keep out stray external
fields and improve color purity. In addition,
Automatic Degaussing demagnetizes and
cleans” the picture everytime you turn the
set on from a “cold” start . .
you to move the set about freely.

. also permits

Vertical
Swing-Out
Chassis!

All parts mount on

a single one-picce
chassis that’s hinged
to make it more accessible for casier construc-
tion, care and installation.

Your Choice Of Installation!
Another Heathkit

exclusive . . . the
GR-180 is design-
cd for mounting
in a wall or your
own custom cabi-
net. Or you can
install it in cither of Heath’s fuctory-assembled
and finished cabinets.

From Parts To
Programs In Just
w 25 Hours!

... and no special skills or knowledge needed.
All critical circuits (VHF and UFH tuners,
3-stage IF assembly and high voltage power
supply) are prebuilt, aligned and tested at the
factory. The GR-180 manual guides you the
rest of the way with simple, non-technical
instructions and giant pictorials. It's like hav-
ing a master teacher at your clbow pointing
out every step. You can’t miss,

Compare These Advanced Perform-
ance Features . .. And The Price!

Hi-Fi 180 Sq. Inch Rectangular Tube with
anti-glare safety glass, plus “rare earth phos-
phors”, smaller dot size and 24,000 volt picture
power for brighter, livelier colors and sharper
picture definition.

Automatic Color Control and gated automatic
gain control to reduce color fading, and insure
steady, jitter-frec pictures even under adverse
interferenice such as nearby aircraft traffic.
Deluxe VHF Turret Tuner with ‘“‘memory”
fine tuning so you don't have to readjust
everytime vou return to a channel.

2-Speed Transistor UHF Tuner for cither fast
station sclection, or fine tuning of individual
channels.

Two Hi-Fi Sound Outputs.. .. a cathode follower
for play through your hi-fi system, plus an
8 ohm output for connection to the GR-180s
limited -field 4” x 6” speaker.

Two VHF Antenna Inputs . . . a 300 ohm bal-
anced and a 75 ohm coax to reduce inter-
ference in metrooolitan or CATV areas.
1-Year Warranty on the pictute tube, 90 days
on all other parts. In addition, liberal credit
terms are available.

*Kit GR-180, evarything except cabinet for custom
mounting, 1021bs ... e $379.95

Assembled GRA-180-1, walnut cabinet shown
above, 30 Ibs., 18%" D x 28%"" W x 29" H..$49.95

Assembled GRA-180-2, Early American cabinet,
37 Ibs., 18%" D » 28%” W x 31%" H...Available
February.......cooeevnns 0050000600000 060 $75.00

New 12’' Transistor Portable TV —

First Kit With Integrated Circuit

Unusually sensitive performance. Plays anywhere ..
117 v. AC, any 12 v. battery, or optional rechargeable battery pack (339.95).
Receives all channels; new integrated sound circuit replaces 39 TV parts;
3.stage IF for maximum gain with controfled bandwidth; gated AGC for

. runs on houschold
Kit GR-104

19°

steady, jitter-free pictures; instant “on” AC operation; preassembled & aligned

tuners for peak performance; transformer operated power supply; front panel

mounted speaker; casy 12-hour assembly. Rugged high impact plastic cabinet
measures a compact 11147 H x 15%7 W x 9%” D. 27 Ibs.
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He

walked!

‘1

Five-year-old Kenny has just learned to walk. Most  lion children in this country born witk the tragic
youngsters ave on their feet at a year. But Kenny  handicap of cerebral palsy. And yvour help can
was born with cerebral palsy, and for him walking  bring that hope tkrough a contribution te vour
is a monumental achievement. Some CP children local affiliate of United Cerebral Palsy Associations.
never walk at all. Some can’t speak or hear, or use  Then, when you see ti1e radiant face of a five-year-
their arms to feed or dress themselves. However, old who has just taken his first steps, vouw’ll know
there is hope for the more than a quarter of a mil-  whatthey mean when they say, Happiness is Helping.

GIVE TO UNITED CEREBRAL PALSY

January, 1967
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How To Have Fun While You Save...

Regardless

0f What You Pay
For A Color TV...

It Can’t Perform As
Well As This
New Heathkit “180”
For Only $379%*

Here’s Why!

Exclusive Features
That Can‘t Be Bought In Ready-Made
Sets At Any Price!

All color TV sets require periodic convergence
and color purity adjustments. This new Heath-
kit GR-180 has exclusive built-in servicing aids
so you can perform these adjustments anytime
.. without any special skills or knowledge. Just
flip a switch on the built-in dot gencrator and
a dot pattern appcars on the screen: Simple-
to-follow instructions and detailed color photos
in the GR-180 manual show you exactly what
to look for, what to do and how to do it.

Results? Beautifully clean and sharp color
pictures day in and day out . . . and up to
$200 savings in service calls throughout the
life of your set,

Exclusive
Heath
Magna-Shield!

This unique metal shield surrounds the entire
picture tubc to help keep out stray external
fields and improve color purity. In addition,
Automatic Degaussing demagnctizes and
“cleans” the picture everytime you turn the
set on from a ‘“‘cold” start . . . also permits

you to move the set about frecly.

Vertical
Swing-0Out
Chassis!

All parts mount on
a single one-picee

chassis that’s hinged
to make it more accessible for casier construc-
tion, care and installation.

Your Choice Of Installation!
Another Heathkit
exclusive . . . the
GR-180is design-
ed for mounting
ina wall or your
own custom cabi-
net. Or you can ﬂ
install it in cither of Heath's factory-assembled
and finished cabincets.

From Parts To
Programs In Just
- 25 Hours!

... and no special skills or knowledge needed.
All critical circuits (VHF and UFH tuncrs,
3-stage IF assembly and high voltage power
supply) are prebuilt, aligned and tested at the
factory. The GR-180 manual guides you the
rest of the way with simple, non-technical
instructions and giant pictorials. It’s like hav-
ing a master teacher at your clbow pointing
out every step. You can’t miss.

Compare These Advanced Perform-
ance Features ... And The Price!

I1i-Fi 180 Sq. Inch Rectangular Tube with
anti-glare safety glass, plus “rare carth phos-
phors™, smaller dot size and 24,000 volt picture
power for brighter, livelier colors and sharper
picture definition.

Automatic Color Control and gated automatic
gain control to reduce color fading, and insure
steady, jitter-free pictures even under adverse
interference such as nearby aircraft traflic.
Deluxe VHF Turret Tuner with ‘“‘memory”
fine tuning so you don’t have to rcadjust
cverytime you return to a channel.

2-Speed Transistor UHF Tuner for cither fast
station sclection, or fine tuning of individual
channcls.

Two Hi-Fi Sound Outputs .. . a cathode follower
for play through your hi-fi system, plus an
8 ohm output for conncction to the GR-180’s
limited-ficld 4”7 x 6” spcaker.

Two VHF Antenna Inputs . , . a 300 ohm bal-
anced and a 75 ohm coax to reduce inter-
ference in metropolitan or CATYV areas.
1-Year Warranty on the picture tube, 90 days
on all other parts. In addition, liberal credit
terms are available.

*Kit GR-180, everything except cabinet for custom
mounting, 102 1bs.........oviviviin e $379.95

Assembled GRA-180-1, walnut cabinet shown
above, 30 lbs., 18%” D x 28%" W x 29" H..$49.95

Assembled GRA-180-2, Early American cabinet,
37 Ibs., 18%’ D x 28%"" W x 31%" H...Available
February $75.00

New 12’ Transistor Portable TV —

First Kit With Integrated Circuit

Unusually sensitive performance. Plays anywhere . . .
117 v. AC, any 12 v. battery, or optional rechargeable battery pack ($39.95).
Receives all channels; new integrated sound circuit replaces 39 TV parts;
3-stage IF for maximum gain with controlled bandwidth; gated AGC for

runs on houschold
Kit GR-104

g

steady, jitter-free pictures; instant “‘on” AC operation; preassembled & aligned

tuners for peak performance; transtormer operated power supply; front pancl

mounted speaker; casy 12-hour assembly. Rugged high impact plastic cabinct
measures @ compact 11%7 H x 15%” W x 9%” D. 27 lbs.
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Build Your Own Heathkit Electronics

Harmony-By-Heathkit®
Electric Guitar

B, Heathkit “Starmaker”’
1 60-Watt Transistor
Guitar Amplifier

Kit TA-16

512995

$300 Value!

60 watts peak power; two channels — one for accompaniment, organ
or mike, the other with tremolo and reverb for lead guitars; two inputs
per channcel; two 12”7 heavy-duty speakers; line bypass reversing switch
for hum reduction; 13 transistor, 6 diode circuit; 28”7 W x 97 D x 19”7 H.
Leather-textured black vinyl cabinet of 747 stock; 120 v. or 240 v. AC
operation; extruded aluminum front pancl. 52 Ibs.

Kit TG-46

52]995

$331.50 Value!

Double cutaway style; hollow body; 3 pickups with 18 adjustable pole
pieces; professional Bigsby vibrato tailpiece; 6 volume & tone controls;
uttra-slim fingerboard — 2414”7 scale; 2”7 thick curly maple body, shaded
cherry red. Includes carrying case, neck strap, visual tuning aid, cord,
pick, instruction book and record. 2 other models available at $99.95
and $119.95. 17 1bs.

New! SB-101 80-10 Meter SSB Transceiver
— Now With Improved CW Transceive Capability

P e 1

Kit $B-101

536000

(less speaker)

Now features capability for front panel switch selection of cither the
standard 2.1 kHz SSB filter or the optional SBA-301-2 400 Hz CW
filter . .. plus simplificd assembly at no increase in price overthe already
famous Hecathkit SB-100. Also boasts 180-watt P.E.P. input, 170 watts
input CW, PTT & VOX, CW sidetone, Heath LMO for truly lincar
tuning and | kHz dial calibrations. 23 Ibs. SBA-301-2, 400 Hz CW
filter. .. $20.95. Kit HP-13, mobile power supply...$59.95. Kit HP-23,
fixed station supply...$39.95.

NEW Transistor Portable
Phonograph Kit

Kit GD-16

53995

Worth At Least 507, More! And it sounds better. Assembles in just 1 to
2 hours . . . simply wire one small circuit board, mount the 4 x 6”7
speaker and plug in the preassembled changer . . . ideal beginner’s kit.
Features automatic mono play of all 4 speeds; dual Sapphire styli for
LP's or 78's; 45 rpm adapter; olive and beige polycethylene over sturdy,

preassembled cabinet. Operates on 117 v. AC. 23 Ibs.

NEW Heathkit® /Magnecord® 1020 4-Track Stereo
Recorder Kit

Kit AD-16

539950

(less cabinet)

Save $170 By Doing The Easy Assembly Yourself.

Takes around 25 hours. Features solid-state circuitry; $-track stereo or
mono playback and record at 7', & 3% ips; sound-on-sound, sound-
with-sound and echo capabilitics; 3 separate motors; solenoid opera-
tion; dic-cast top-plate, flywheel and capstan shaft housing; all push-
button controls; automatic shut-oft at end of reel; plus a host of other
professional features. 45 Ibs. Optional walnut base $19.95, adapter ring
for custom or cabinet installation $4.75

3 HEATH COMPANY, Dept. 15-1

30-Watt Solid-State FM /FM Stereo Receiver

World's Best Buy In Sterco Receivers. Features 31 tran-

sistors, 10 diodes for cool, natural transistor sound; 20  Kit AR-14
watts RMS, 30 watts IHF music power (v + 1 db, 15to s 95
50,000 Hz: wideband FM/FM sterco tuner; plus two pre- gg
amplifiers; front panel sterco headphone jack; compact
3% H X 1347 W x 127 D size. Custom mount it in a wall,
or cither Heath cabinets (walnut $9.95, beige metal
$3.95). 16 Ibs.

(less cabinet)

- ETHLATEIE YT 28

| R |
- F R E E ! | Benten Harbor, Michigan 43022 |
HE{\THKIT‘V 1967 . | In Canada, Daystrom Ltd. |
’ World's Largest | [ Enclosed is $ , plus shipping. |
Electronic Kit I Please send model (s) |
Catalog! | 7 Please send FREE 1967 Heathkit Catalog. I
Describs these and ovar 250 | |
its for stereo /hi-fi, color TV,

amateur radio, shoriwave, | Name = I
thest, CB,&T!:ril;lbe, egucationai, | Add |

ome and hobby. Save up to ress
50% by doing the easy assem- I I
bly yourself. Mail coupon or | . |
write Healh Company, Benton | City _ S B State_ S |
Harbor, Michigan 45022 Prices & specifications subject to change without notice. CL-267 N

CIRCLE NO. 105 ON READER SERVICE CARD  _ _—~—~———=———=
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This versatile solid-state warning mechanism can be used
in conjunction with dashboard lights for alerting drivers.

ELECTRONIC AUDIBLE ALARM

VEN though it was January 2nd, Mac still had not

entively recovered from New Year’s Eve; so when

Barney, his assistant, connected a 9-volt transistor
radio battery to a shiny litdle black cvlinder with a knurled
aluminum ring around one end and the device began
emitting a strident, rapidly pulsating “beep-beep-beep”
sound, Mac winced and gave his employee a look that
caused the latter to disconnect the battery quickly.

“Sorry about that, Boss.” Bamey apologized. 1 forgot
about vour headache. T was just checking out this pulsing-
type Sonalert® I intend to hook up as a power-failure alarm
for a respo friend of mine.”

“There vou go, using two strange words in a single
sentence,” Mac complained wearilv., “What’s a ‘respo’?”

“A respiratory polio victim who has trouble breathing.
Severe cases must live in iron lungs, but my friend can
breathe as long as he is sitting upright. However, he can’t
breathe well without mechanical help when he lies down;
so he has to sleep on an electrically operated rocking bed,
the motion of which ussists his breathing. When the power
goes ofl and the bed stops rocking—possibly with my
friend’s head downhill—it’s essential that someone help him
up promptly. 1 plan to use a 110-volt a.c. relay to hold
contacts from the battery to this Sonalert® open until the
power fails: then the contacts will close and this noisy
little rascal will go to work rousing the household.”

“Okay; now what’s a Sonalert®? It sounds like some-
thing out of “The Man From UN.C.L.E’”

“Basicallv, it’s a highly reliable solid-state electronic de-
vice that emits an attention-getting sound with a minimum
consumption of cwrrent. It's manufactured by the Electro-
pac Operations of the Computer Controls Division of
Honeywell, Inc.; but as of April 1, 1966, P.R. Mdallory &
Co., Inc. of Indianapolis has exclusive sales and distribu-
tion of the device.”

“What's in it? How does it work?”

“It operates on the same piezoelectric principle as a
crystal oscillator. The “erystal’” in this case, though, is a
special ceramic  transducer mounted right behind  this
tiny grille in the end of the unit. Operating in a self-ex-
cited transistorized oscillator circuit, the transducer not
only determines the frequency of oscillation, but its vibra-
tions also produce the audible sound. Inside the case the
whole unit is potted in epoxy; so the only way you can
take it apart is with a hammer or an axe. I might add
that this pulsing-sound model is not really the basic unit.
That is even smaller.”

“How much smaller?”

“Well, the basic Model SC628 is 1'%{” in diameter and
only 1%” long and weighs in at 1.25 ounces. It will
operate on any d.c. voltage from 6 to 28 volts and puts
out a continuous tone of 2800 Hz =300 Hz. The tone
doesn’t change, but both the current drawn and the sound
output rise with the voltage. At 6 volts, 3 mA are drawn
and the sound intensity is 68 dB; but at 28 volts the cur-
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rent goes up to 14 mA while the sound output increases
to 80 dB.

“The Model SC628H is the same in all respects except
that the tone has a frequency of 4500 Hz =300 Mz
This Model SC628P on the bench has added circuitry to
pulse the tone at 3 to 5 Hz, depending upon the voltage;
and the over-all length is increased to 2%6” to take care of
the additional components while the weight is increased
to 2 ounces. These last increases also apply to the Model
SC628A and the Model SC110 that operate on 6 to 28
volts a.c./d.c. and on 105 to 120 volts a.c./d.c., respec-
tively. Germanium transistors used in standard models
limit the operating range from —40° to 120° F, but silicon
transistors are used in other models to extend the upper
temperature limit to 185° F.”

“They certainly don’t need much cwrrent to operate,
do thev?”

“No, and that’s one major advantage they have over
relays or buzzers. Actually, the current they draw is about
the same as that required by high-intensity neon pilot
bulbs. Three mils at 6 volts comes out to less than ba of a
watt.  That means the mechanism can be powered by
even a pair of International Rectifier’s S3M solar cells
hooked in series. More important, it will operate directly
with very hLigh impedance sensing devices, such as cad-
mium-sulphide photocells or simple moisture  detectors.
Anything that can pass 3 mA of current can activate
the unit.”

“Why do you say the devices are ‘highly reliable™?”

“You just think about it. They have no moving parts,
so there’s nothing to wear out. Their monolithic con-
struction protects circuitry and components from vibration,
shock, dirt, and moisture. Conceivably, you could damage
one by poking around through the grille at the transducer
with an ice pick or something similar, but short of that
thev will keep right on working in just about any kind
of environment.”

“Sounds reasonable. Do they have any other good fea-
tures?”

“Their freedom from sparking contacts that generate r.f.
noise and create a hazard in explosive atmospheres such
as are found in mines, operating rooms, or in the bilges of
small boats is well worth mentioning. That business about
not generating any r.f. frequencies or noise permits them
to be used adjacent to high-gain electronic circuitry without
fear of introducing extraneous and spurious signals into
the system. For example, these devices are widely used
as fault alarms on computers to augment visual signals
which are often ignored. And they never put any noise on
the tapes, as might a bell or buzzer.

“Another interesting use is the operating room in open-
heart surgery. Here the presence of delicate electronic
electrocardiographic equipment and explosive anesthetics
precludes the use of anything that would produce sparks or
generate r.f. noise. In this operation the patient’s blood

ELECTRONICS WORLD
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sapply is shunted through an apparatus
that has o tank and a set of pumps.
Having blood in that tank run low is a
lot more serious than letting vour gas
tank ruu drv. To prevent this. doctors
fasten a sterile g¢lass tube about six
inches long over the nose of the
Sonalert® and immerse the bottom end
of this tube in the blood that is in the
tank.

“Now a Sonalert® must have access
to the open air to put out much sound.
Notice what liappens when T cover the
arille with the palm of my hand.™ As
Barney did this, the Dbeeping  sonnd
became barely andible. That’s how
things are as long as blood in the tank
stands above the Dhottom of that glass
tube; but when the blood supply goes
down und uncovers the mouth of the
tube. the sound escapes and  inine-
diatelv alerts the doctor,

“Trving to start an  inboard boat
engine when the bilge is filled with
explosive  gasoline funes is a major
canse of private boating disasters. Sev-
eral companies  make  fume-detecting
devices, but the warning indicator is
often a neon lamp not too casily scen
in bright sunlight. A Sonalert® doesn’
take anv more juice than the neon
lomp and is much more ditlicalt to
ignore.”

“I can think of many situations in
which an audible alarmi would be more

altention-getting  than a wurning light
wonld he.”

“So can 1. This is especiully true
when the operator mnst use his eves

for other important purposes than watch-
ing for warning lights. Driving is a
prime  example. and I feel strongly
that here is an area in which these de-
vices can make a real safety contribu-
tion by “backing up” idiot lights that
are casily overlooked in the concentra-
tion of heavv-traffic driving.”

“What do vou mean by hacking up’
the idiot lights?”

“I mean a Sonalert® can be
nected  directly across the idiot light
bulb so that it will soind whenever
the bulb is Hehting or—probably more
important because bulbs do bhurn out—
when it should be lighting, Since the
12 volts weeded {or the bulb will pro-
duce a farge volume of soind from a
Sonalert@,  the driver ol a car so
cquipped would have (o be botli hlind
and deaf to take off with his parking
brake set or to keep on dviving in ig-
norance of an overheated eugine or one
low on oil.”

“Jumping this device across each
warning bulb wonld be kind of ex-
pensive, wouldn't it?”

“That’s not necessary.  Most sensors
used with the lights are of the ‘ground-
ing’ type. One side of all bulbs used
with themi commect through the igni-
tion switch to the positive battery ter-
miinaly then each bully is provided with

con-

Janvary, 1967

a separate potential connection to the |
groimded negative terminal through a
specific sensor that closes  with  high
block temperature, low oil pressure,
cte. If the positive terminal of a
Sonalert@ were connected to the posi-
tive connection of these bulbs and sep-
arate leads were run from the negative
terminal of the device through proper-
v oriented  50-volt silicon diodes  to
cach sensor, the unit would sound when-
ever any one sensor completed  the
around civenit. Which one was indicat-
ing trouble conld be determined by a
clance at the idiot lights, because the
diodes would provide isolation so that
cach sensor could still Tight only its
proper bulb.™

“Hev. that's pretty clever! Of course,
such an arrangement would work only
when the svstems so combined were
compatible. Yon couldn’t mix a svs-
tem using switches in the positive leads
with another using sensors in the nega-
tive leads.”

“Trie. but it these devices were in-
stalled as original equipment. this could
casilv be taken care of. One thing I
like abont the little jewels is their ease
of installation. You just drill a 1%
hole in any panel or hracket material
up to 1 thick, unserew this knurled
aliminum ring from the nose of the
device, stick that nose throngh the hole,
and serew the snazzy-looking nose ring
back on.”

“Why have two models putting out
different tone freguencies?”

“This gives vou a pair of devices
that can be used together to indicate
that either of two dilerent Timits of
a critical parameter is being exceeded,
For exaniple, the Tow-treqguency 2504-
17 unit can be made to sonnd when-
ever a voltuge, temperature. or pres-
are falls below a certain value, while
the high-frequency 1300-Hz model can
be tricoered whenever one of these
coes bevond an upper limit.”

“Yon seem to have all the answers.
Tiow come vou know so much abom
these deviees?”

“Lor one thing, Tve been experi-
menting with them alimost sinee they
first came the market about fonr
vears ago, and T faseinated by their
potential and versatility. 1 also got o
lot of information abont how they can
be used in industry and other places
from an applications matal 1 secnred
by writing to the Mallory Disiribuior
Products Company, a division of PR,
Mallory & Co. Inc.. P.O. Box 1358, lu-
dianapolis, Indiaa 462067

Aae reached over and connected the
batterv to the Sonalert® aud listened

11

for several scconds to the musical
chirping.

“Byv golly, I have unother application
for vou!” he snddenly  exclaimed.
“Theyv apparently also cure headaches,
for mine is gone!” A

57

www americanradiohietorv com

4 N

READ WHAT
THE EXPERTS
SAY ABOUT THE
knight-kit
TAPE DECK KIT

HANDCRAFTED  © |
€y » o rorauary /S

BY YOU %4 ot
[ —'.__‘A Ay
— YOUR SATISFACTION
GUARANTEED BY ALLIED

HI-FI /STEREQ REVIEW —July, 1966
—“Until quite recently, it was
rare to find a tape recorder sell-
ing for less than $400 to $500
that could record and play
back an FM radio broadcast
with such fidelity that it could
not be distinguished from the
direct broadcast. The Knight-
Kit KG-415 satisfies chis re-
quirement of a true ni-fi tape
recorder, yet costs only
$24995...”

AMERICAN RECORD GUIDE-—April,
1966 — "1t took me 14 leisurely
hours to build the unit—start
to finish. Right off the bat, this
kit performed right up to, or
better than, all its specifica-
tions.”’

Yes, the Knight-Kit 4-track Stereo
Tape Deck Kit gives you unmatched
performance, quality and value! And
it’s so easy to build, too. You need
only follow simple, illustrated, step-
by-step instructions to asscmble six
solid-state plug-in modules. The Vik-
ing tape transport, built to Knight-
Kit specs. is completely preassembled.
Complete with all parts. instructions

and 7" take-up reel

(less base and tape). $24995
Rush the coupon below for full details
and Special introductory Offer on the
Knight-Kit Tape Deck Kit.

S ————a

1

| ALLIED RADIO, Knight-Kit Div. |

Dept. 1-AA, P. O. Box 8528

| Chicago, lilinois 60680 |

| Please rugh—-free and without obligation-— |
full details and Special Introductory Offer

: on the Knight-Kit KG-415 Tape Deck Kit.

|

|

|

I
NAME :
|
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Noiseless
Switchin
for Hi-Fi

BY BEN B. NEIGER

Manager, Module Engineering, Clairex Corp.

Use of light-coupled photocell device permits remote
control of volume and switching without any noise.

HE tremendous improvements in high-fidelitv elec-

tronics. especially in regard to stereophonic sound,

have made possible excellent sound reproduction.
This. in turn, has focused attention on the problem of elimi-
nating all extraneous sounds and neises that mar reproduc-
tion. With toduy’s sophisticated units even the “click” of a
switch has become an annovance. The use of light-coupled,
instead of direct, switching can eliminate this noise and,
at the same time, significantly reduce costs in remote
switching applications.

Remote Control for Sterco

A small unit for the remote control of stereo, which in-
corporates an “on-ofl 7 switch and two controls (one for
level and one for balance), is shown in Fig. 1. This unit is
connecled to the stereo pickup, rudio, tape recorder, or
phonograph through small-gauge, inexpensive wires which
need not be shiclded. The length of the wire is not critical
so the remote control cun be placed any reasonable dis-
tance from the set. The wires introduce no noise or hum
no matter what their length, making the control ideal for
Large Talls, theaters, hotels, and other locations where con-

. R Primt REMOIE CONTRO.
S NG okl ninininkin - 0 - = 1
T — ;
70 STEREOQ {
| VOLUMFQ‘ 1‘
s o1 i
P A A A= T e Lo J

Fig. 2. Circuit of the light-controlied remote volume control.

Fig. 3. Light-controlied units used for remote switching.

AMPL SP
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Fig. 1. The ""Photomod’’ remote control unit for stereo use.

venience of control dictates wire runs over long distances.

Installation of the stereo remote control is simple, as
shown in Fig. 2. The control is inserted between the pre-
amp and the amplifier. Two 47.000-ohm resistors, R1 and
R2, are installed us shown. These resistors determine the
amount of attenuation and are not critical. For solid-state
stereo equipment these resistors may be replaced by ones
having a lower value. A divider circuit from each channel
is created by two “Photomods”™~Clairex Type CLN3012—
which incorporates o Clairex CL705L  cadmium  sulfide
photocell and @ 12-volt, 40 mA lamp. The photocells act
as shunt resistunces.  With maximuim voltage on the lamps,
the resistance of the cells drops to about 400 ohms or less,
providing attennation of up to 40 dB.

Adjusting R3 will affect the light output of both lamps
causing the level of both channels to vary (volume control).
With the switch open, cell resistances may be many meg-
ohms, leading to negligible insertion loss.

Resistor R4 acts as a balance regulator. Adjusting it
makes one of the laumps brighter than the other, resulting
in a different resistance in each channel. This changes the
divider proportionately and results in a different output to
cach speaker. The small time lag in both the lamps und
the photocells permits very smooth adjustment. Two 6-volt
industrial batteries in series provide service for a vear or
more. The mnit could draw power from the anplifier and
the preamplifier. but the power drain is so small that it is
simpler to use small batteries. As the batteries begin to
tail, the range of control will diminish. As this occurs, the
minimum volume level will increase as an indication of
the condition of the batteries.

The remote control can not reduce volume to zero, a

Fig. 4. A grouping of three ''Photomod’’ units is shown here.

ELECTRONICS WORLD
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reminder to turn the main unit “off”,
Maximum volume is determined by the
setting of the volmne control on the
sterco svstem itself.  Although a two-
channel system is shown in Fig. 2, the
remote-control unit can be expanded to
handle as many channels as  desired
simply through the addition of “Photo-
mods” and controls.

Remote Switching

Basically the same technique as just
deseribed can be upplied to remote
switching for varions inputs in high-
fidelity svstems. As shown in Fig. 3,
the remote switch can be used to
patch in a phonograph, tape deck, and
one or more microphones. In this ap-
plication the complete  abscence  of
noise. limm, or the on-off “click”™ of a
switch in  the microphones assures
quiet, professional operation.

Each unit used has its own volume
control and “on-off” switch. The sep-
arate volume control permits volume
to be preset so that when the unit is
turmed  on, no  volume adjustments
would have to be made. In addition.
each switch has its own pilot light so
that it can be determined at a glance
which of the mits is operating.

The wiring from the console to the
remote-control unit s simple, reqguir-
ing onlv inexpensive, small-gange wire
such as conventional bell wire. No
shielding is required no matter how
long the run, nor are intermediate
anplifiers needed.

The variable resistor, R, is 2500
ohms and controls the volume of euch
unit throngh the lamp in the “Photo-
mod” over a 10 to 1 range. The dark
resistance of the photoresistor exceeds
100 megohms. Increasing the power
to the Lunp reduces cell resistance to
500 ohms and permits full power to
come throngh. The unit used here is
Clairex Tyvpe CLM3012, the same as
used in the sterco remote-control unit.
For extra-low impedance microphones,
use of the Type CLNA012, which has
4 maximum Son” o oresistance  of - 50
ohms, would be preferable.

This remote-control nnit may  be
expanded to handle any number of
channels, or any mixing requirement.
It can, for example, be located in the
control room of an aunditorinm where
a large number of microphones s
used.  Where required, “Photomods™
may  be incorporated into more
phisticated matching networks.

The  “Photomod”™  photocell-lamp
modules (Fig. 1) are available in a
variety of stock models with “on”™ re-
sistance as low as 40 ohms and “oft”
resistances exceeding 100 megs. Volt-
age ratings for the lumps mayv be 6,
12, or 24 volts for incandescent Luuaps.
Two models are produnced with neon
glow lamps. These require 120 volts
with a current limitation of 3 mA. A

SO-
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join the
P.0.M. Club!

( Photofact-of-the-
Month Club)

NOW! more current model
coverage each month to keep
you ahead earning more—
AND YOU SAVE OVER
$60 PER YEAR!
As a PHOTOFACT-OF-THE-
MONTH CLUB member, you get
6 new PHOTOFACT Sets every
month—the world’s finest
TV-radio service data—with
all the time-saving, profit-
boosting help you want!

AT LEAST

6 COLOR TV

FOLDERS MONTHLY

complete current coverage of
at least 50 chassis each and
every month for less than

2 0¢ per chassis model!

To stay ahead, to save money (indi-
vidually purchased sets now sell for
$2.50 each)—join the PHOTOFACT-
OF-THE-MONTH CLUB now!

=

DNLY 510 PER MONTH
rings you 20% MORE

R

—— +0i BER S
j e SI\_“-S PHOTOFACT R
s T

PHOTOFAS
.‘.ﬁiﬁ‘m

this great new monthly package
exclusively for p.0.M. members!

You get your 6 new PHOTOFACT Sets every
month in sturdy new file folders sealed in
factory carton to insure perfect condition
and completeness—easier-than-ever to file
and use. Now—only $10 per month and
you get 207, MORE COVERAGE!

TRY A THREE-MONTH P.O.M. SUBSCRIPTION

HOWARD W. SAMS & CO., INC. Dept. EWF-1
4300 W. 62nd St., Indianapolis, Ind. 46268 ®

Enroll me for a 3-month membership in the Photofact-of-the-
Month Club. | agree to pay $10 per month, and understand |
will receive 6 current Photofact Sets monthly for 3 months to
be delivered by my Sams Distributor (named below).

see how
PHOTOFACT
boosts your
earning power!

|
|
|
|
|
subscribe through {
|
|
|
|
|
|

State

your Sams

Distributor Name

or use this Shop Name
handy Address

order form City

I
)II. My Sams Distributor is:

Signed:
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Live Better Electronically With

LAFAYETTE

RADIO ELECTRONICS

of POWER

You Can
Hold In
* Your Hand

No Money Down

99-3087L ¢

Fid

s

X GOMES

3 Switchahle Crystal Controlled Trans-
mit and Receive Channe! Positions
for All 23 Channels

5-Watt FCC Maximum Input . . . with
the Power of the Most Pcwerful Base
and Mohile CB Transceivers

x
x
¥ 13 Transistors, 6 Diodes
x
X

with Leather
Shoulder Strap

7-Stage Transmitter for Maximum

Transmit Power!

Operate Mohile in Your Car with Op-
tional Cigareite Lighter Plug-in
Adapter

® Superheterodyne Receiver with Less
Than 1 Microvolt Sensitivity for 10
db S+ N/N Ratio

e Automatic Compressor Range Boost-
Assures High Talk Power

@ Variable squelch and Automatic Noise
Limiting for Minimum Noise
Imported *

FREE

1967
Catalog No. 670

512 Pages

Everything in Electronics
for Home and Industry
from the “World's Hi-Fi
Electronics Center”

LAFAYETTE Radioc ELECTRONICS
Dept. RA-7, P. 0. Box 10
Syosset L. L, N.Y. 11791
[k N N N N N N N N N |
[] Send me the FREE 1967

| LAFAYETTE Catalog 670 L5/

I Name .

IAddress R

City

State

AT S J
- R G S s ah s S EE .
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POLAROID LAND PHOTOGRAPHY

Complete guide and only comprehensive and up-to
date handbook on Polaroid Land Photography.
1966—$1.25...... .7 24 1963—$1.00.......#25
. Order by number from

Ziff-Davis Service Div., 589 Broadway, New York,
N. ¥. 10012. Enclose add’l 15¢ per copy for ship-
ping and handling (50¢ for orders outside U.S.A))

LEARN

Iix TV, design automation =ystems.

Electronics
Engineering

AT HOME

fearn transi=toi~.

complete etecironies, (ollege level Home Study
cour~es taught so sou can understand theut. karn
more an the hnz'hl\ pwd etecuroni HHHI 1y, Com-
bute Misniles, and pracu al. Kiis

RTINS now c¢inplo (!

Over
Gl

- e
ed. Foundoens
write for Informatlon about

itH at. E
o1 B Il Tr,

Amer‘lcanllnstltute of Engineering & Technology
1141 West Fullerton Parkway Chicago, Ill, 60614
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TV NEWS

ASER TV reccivers will be in the
| future if scientists at the Zenith
Radio Corp. have anvthing to say
about it. Recently, they demonstrated

an experimental TV svstem using a
laser that produced lurge-size pictures
for projection that had sharpness and
detail approaching that of a conven-
tional TV set.

The experimental system  has four
main components. The light-producing
laser, which is the equivalent of the
electron beam in the CRT, first passes
through an intensity modulutor which
impresses the video signals on an ultra-
sonic wave that interacts with the
light beam to control its brightoess.
The more intense the sound wave, the
more light passes through the modula-
tor.

Light from the intensitv modulator
then enters the horizontal deflector
where the beam is deflected by ultra-
sonic waves so as to trace out a horizon-
tal line on the screen 15,750 times per
second.

The light next enters the mechani-
cal vertical deflector where it strikes
a mirror vibrating in accordance with

a 60-Hz saw-tooth wave and is de-
flected vertically to form a raster. Ex-
perimentally, this moving mirror has

been replaced by another ultrusonic dif-
fraction cell, thus resulting in an all-
electronic display syvsten,

Images can be projected on the screen
in anv size, depending on the available
laser brightness. The resolution of the
present experimental version is sone-
what less than that of a conventional
TV picture.

Relatively simple extensions of the
technique are expected to provide the
full resolution permitted by U.S. TV
standards.

Electronic Teachers

A leading international expert on in-
formation and control svstems claims
that electronic teaching aids are essen-
ltial to meet the radically changing
‘noe(ls of mass education,
" Dr. Louis T. Rader, Vice President
‘zm(l Ceneral Manager of G-E Com-
pany’s Industrial Process Control Divi-
’sion, claims that our educational svs-
i tem is beset with problems caused by

www americanradiohietorv com

the rising costs of education per pupil,
the growing teacher shortage, loss of ef-

ficiencey, and the need for preparing
people mentally for a lifetime of learn-
ing.

He told the National Electronics
Conference that the problems  could
be solved a few vears through the
full-scale use of electronics in clussroom
teaching. He also said “. . . electronic
teaching aids can make possible the
breakup of enforced progress by classes.
Students can learn at their own speed
with the aid of electronic equipment
that never tires or loses patience, s
never bored, and is producible in uny
cuantity.

“Moreover, teachers can be  freed
from the drudgery of bhy-rote’ educi-
tion und can devote their time to the
far more complex art of leading dis-
cussion groups, working with individual
students und small groups on problem

solving, and guiding students in the
pursuit of knowledge and. hopefully,
wisdom.”

Business News
Rising defense requirements and the
continuing boom in home  entertain-
ment  products  pushed  shipments of
electronic  components by U.S. pro-
ducers to another record high in the
first quarter of 1966, according to the
U.S. Departinent of Commerce.
Shipments were 3% above the same
quarter in 1963, also a new high.
Continuing demands for components
in home-cutertainment  products were
reflected in shipments of TV picture
tubes, up 8% in value over the previous
quarter and up nearly 707 over the
first quarter of 1963; capacitors, up
14%: resistors and transtormers, both
up 7%, while quartz crvstals were up
154 over the fourth quarter of 1965
and 25% above the same period  last
vear, apparently due to increasing de-
mands for CB radio equipment.
Shipmeuts  of  integrated  circuits
were up 130% in value over the same
period of 1965, primarily due to the
rapidly  expunding  computer market.
1Cs are also being designed into con-
swer products at a rapid pace, point-
ing to ncreasing consumer markets in
the near future. A
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IC’s in New AM/FM Receiver

(Continued from page 353)

load tuned circuits and eflectively lTower
the Q7 or efficiency of those circuits.
The end result is broader bandpass,
hence greater susceptibility to spurious
and unwanted signal transfer.

Common transistors are also some-
what non-linear in their response to
varying signal  amplitudes  and  fre-
quencies. This leads to the generation
of distortion products within the device
itsell and these products appear as dis-
tortion in the recovered program ma-
terial, The FET is a more linear de-
vice and this, coupled with its ability
to work well in tuned-circuit appli-
cations, makes it particularly attractive
for FN front-end designs.  The r.f.
amplifiers and  mixers in M front
ends can be designed, using FET,
to be essentially free from distortion
and intermodulation products and thus
greatly reduce  cross-modulation.  The
usce ol FET’s in the receiver front end
resulted in marked improvement of all
tuner performance parameters. There
is little doubt that these remarkable
devices will soon become  common-
place in r.f. applications.

A noisc-operated squelch circuit s
used in the FM section to give smooth,
quiet station selection.  Antomatic ste-
reo switching is included, along with a
stereo threshold control that autoniat-
ically switches to mono operation if
the station signal becomes too noisy
for good stereo listening.

The stereo adapter circuit is high-
[requency  compensated  to  maintain
good separation across the audio band.
Both  stereo  channel  outputs  have
SCA filters as well as 19-kIlz and
38-kHz filters. A subcarrier phase-ad-
Just control is accessible at the front
panel.

The power-amplifier sections of the
receiver  employ  all-silicon  transistors
in  transformerless  circuitry  that is
short-circuit  protected by electronic
overload circuits and thermal cutouts.
Continuous power output is 50 watts
per channel at less than 0.5% harmonic
or intermodulation distortion.  Tone-
contral circuits can be switched off to
give absolutely fHlat response.  All con-
trols, including input level controls, are
on the front panel.

A unique feature of the receiver is
a built-in test circuit for troubleshoot-
ing. This circuit is used extensively
during kit assembly to verifv circuit
operation and can be switched in at
any time after completion for tests in
case trouble develops. A

(Editors Note: The information con-
tained in this article represents a pre-
view of a new product. Delicery of the
Ieath AR-15 AM/FM/FM-sicreo  re-
ceicer begins in Marcl.)
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* Controlled Quality Crystals available
only from Texas Crystals dealers. Ex-
tensive precision testing throughout
* manufacture enables Texas Crystals to
unconditionally guarantee their fre-
quency control crystals. Use of Texas
Crystals in space program and by
other governmental agencies is evi-
dence of the quality you can count on.

INSIST ON

If your dealer can't supply your needs, send his name
with your request for catalog to our plant nearest you.

TEXAS CRYSTALS !

[ 4
1000 Crystal Drive -

4117 W. Jefferson Blvd. -
Fort Myers, Fla. 33901 Los Angeles, Calif. 90016
Phone: 813-936-2109

Phone: 213-731-2258
Division of Whitehall Electronics Corp.
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SAY YOU SAW IT IN
Electronics World

Diversify
into booming
two-way radio
maintenance!

105.8 MICROMETER §
FREQUENCY METER §

Measures nearby transmitters
continuous coverage 100

MFM Division, Bradenten, Florida 33505 City

$500 per month?

Conservative extra income Free

from citizems band and booklet tells

business radio you how—see

. coupon below!
mnm‘lenum:e_!

205-A FM MODU.
LATION METER

Tunable 25 to 500 MC any

channel. Direct reading.
Light weight. Measures
peak swing 0-1.25, 2.5,
12.5, and 25.0 peak
KC. $340.00

s t & At no obligation to me, please send me free
RN METENinwxpanare: oo booklet “How to Moke Money in Mobile-Radio
cessory for the 1058 for

v Maintenance "’
0.0001 % occuracy on split-
channals,

KC to 175 MC, and up.
Internal calibrator.
Cnly 8 pounds,

$295.00

dependable low cost equipment
used by thousands of enginears.

|
|
Neme I
LAMPKIN LABORATORIES, INC Address I|
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TRANSISTOR / DIODE TESTER

®
BATTERY
F OPERATED
! CANNOT
v, J DAMAGE

TRANSISTORS

Model No.

BZ8

TRANSITEST checks all types of
transistors and diodes by means
of a transistorized audible signal
and will identify basic type of
transistor as to PNP or NPN. it
can also be used as a continuity
tester and code practice osciliator

AVAILABLE AT ALL ELECTRONIC
PARTS DISTRIBUTORS

leclupmic

MODUCHE, INE

MANUFACTURED BY
WwWoRKMAN

TARAIOTA. FLORIDA
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precisioN HI-FI
ACCESSORIES

PICKUP COIL

pe ﬂ“fﬂﬁ Hum free transcription,

no connection to telephone,
x%ﬁwf

rugged cast case.
MODEL HP-70  NET $6.95
TAPE RECORDING HEAD
DEMAGNETIZER

Removes permanent
magnetism, protects tape
from erasure, minimizes
noise and distortion,

" HUM-BUCKING

extended pole piece
— easy access.,

MODEL HD-40M .-f

NET $6.15

MAGNETIC TAPE ERASER
Bulk erasure of recorded
tape, restores tape like
new, reduces noise,
reel size to 10V/2"'x
2" W, epoxy case,
sealed for life.
MODEL HD-11M

NET $23.50

STEREO 3RD CHANNEL OUTPUT
TRANSFORMER
Add speaker to fill ““hole-in
middle.’" Matches impedance,
polarity and power level
Rating 30 watts. Response 40
to 20,000 C.P.S
MODEL HM-90
NET $6.33

MICROTRAN company, inc.

145 E. Mineala Ave., Yalley Stream, N. Y.
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Problems of Matching Speakers

(Continued from puage 26)

made to meet this requirement. It
would be a simple matter indeed it
speakers were availuble in any desired
impedance. These could then be se-
lected so that their impedance in par-
allel is above the desired minimum
impedance. Unfortunately, speakers are
made with nominal rated impedances
of 4, 8, or 16 ohms and a given type
is not made in a choice of impeduances.

Means for connecting  speakers in
parallel can be considered in two class-
es: those built into the amplifier and
those external to the amplifier. Some
amplifiers include provisions for paral-
leling main and remote speakers. To
take care of situations where the par-
alleled speakers provide too low a load

value, a series resistor is provided in
the amplifier.  Suppose. for example,
that the minimum safe value of im-
pedance for a given amplifier is 3
ohms and we want to opcerate two
4-ohm  speakers in parallel, making
their  combined  impedance 2 ohms,

A onc-ohim series resistor will provide
the required protection. Unfortumately,
it will also decrease the damping lactor
and provide a slight peak at resonance
in a speaker designed for flat response
with an amplifiecr of high damping
factor. (In an over-damped  speaker
this would iinprove the bass response.)
In order to avoid this cffect. some
amplifiers use negative feedback around
the series resistor to muintain a high
damping factor.

Series Operation

Why not operate the speakers in
series? If thev are identical this
perfectly all right. If thev are not,
there can be all kinds of undesirable
interaction between them. The  sim-
plest case is where they are of different
rated impedance.  If an 8-ohm and
4-ohm speaker are connmected in series,
the same current will flow  through
both and, since power equals 'R, the
8-ohim speaker will receive twice as
much power as the 4-ohm  speaker.
This, however, is a gross oversimplifi-
cation of what occurs since the im-
pedances of the two speakers vary over
the frequency range.

To illustrate the effect. consider the
extreme case of an inexpensive, re-
placement-type speaker in series with
a good hi-f system, both of nominal
8-ohm impedance. The latter probably
resonates around 45 Hz and has its
minimum impedance of about 6 ohms
in the 100-400 Hz region. The inex-
peusive speaker may  resonate at 90
Hz in its cabinet and present a res-
onant impedance of 30 ohms.

At 90 Hz the two speakers in series
are 36 ohms. The hi-fi syvstem has

is
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Yith the amplifier output voltage across
it. In the mid-frequency range the
impedances are equal and the hi-fi
speaker gets % the output voltage.
The relative input voltage at 90 Hz is
about %, producing a hole in response
of almost 10 dB. Fig. 10 shows actual
measurements on such a connection.
In addition, since the hi-fi speaker elec-
trically “looks into”™ a source imped-
ance consisting of the other speaker in
series with the amplifier, the effect on
the damping factor can well be imag-
ined.

Use of Transformer

There well-known

is u device for
changing impedances, even if some-
what discredited in hi-A circles. This

is the transformer.
low impedance with

When operating at
fuirly small trans-

formation ratios and without d.¢c. in
the primary (unlike an amplifier ont-
put transformer), this is a very efhi-

cient and not too costly device which
can be designed for very wide fre-
queney range and freedom from phase
shift. This does not mean that trans-
formers designed for public-address ap-
plications can be used.  Indeed, these
are likely to be dangerous because they

usually  have poor  low-frequency  re-
sponse due to low values ol primary
imductance.

In the equivalent circnit for a trans-
former, the primary  inductance is a
shunt element. A low value results in
a virtual short circuit at very low fre-
quencics and a predominantly reactive
loud for the range immediately above
this. Both conditions are exactly what
we are seeking to avoid loading the
amplifier. A high-quality transformier
must be used. [t is interesting o note
that a very large number of taps are
not needed for a great variety of
transformation conditions (Fig. 11). A
16-8-4 ohm translormer can be used
for Touds of 4, 2, 1.4+, 0.64, and 0.32
ohms if the amplifier will safely accept
an S-ohmn load.

Uncqual power to different speakers
may not be undesirable. In some cases
it is desirable to operate the remote
speakers at reduced loudness. In this
case a remote speaker of higher hin-
pedance than the main speaker should
be used. An alternate means is a fixed
or adjustable L-pad or a simple po-

tentiometer. The latter should have a
resistance  about five times the im-
pedance of the remote speaker. If

operated for reduced loudness, it will
place a large value of resistance in
series with the speaker, reducing the
loading of the amplifier.

In this article we have pointed out
some of the problems that may occur
when connecting speakers to solid-state
amplifiers. It behooves the user to be
aware ol these problems and to know
how to solve them. A
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ELECTRONIC
CROSSWORDS

By WILLIAM R. SHIPPEE

(Auswer on page 92)

ACROSS

1. One-millionth of a meter.

7. Five-element vacuum tube.

12. Possessing non-directional char-

. Tube manual

acteristics.

notation for grid

bias voltage.

15. Part of the Bible (abbr.i.

. To position an antenna for best

signal pickup.

. Two-element vacuum tube.
. Domesticated.

. One type of wavemeter.

. One-thousandth of a meter

tabbr.) .

. Correlative ol either.
. Type of logic circuit.
- Ay far as.

Type of filter circuit.

. Decimal number for hinary code

0010,

. Plate current on a schematic.

. Plate voltage in the tube manual.
. 60-Hz noise in an muplifier.

. The”
. Because.

. Binary system uses zero and
. It converts

in Spain.

rotating motion to

linear motion.

. A tailless mounkey.

- You and me.

. A cable dimension tabbr.y.

. Type of resonant circuit (abbr.).
. It is not on™.

. TFour-element vacuum tube.

. Underwater “radac’™.

. Exotic melon.

. Period of time.

. Loose end.
. Administrative

division  of a

county tabbr.r.

. Tubes and people do it.
60,
. Approximately 96.500 conlombs.
52,

Tvpe of transmission tabbr.o) .

Six-element vacuum tube.

DOWN

1. International voice distress signal.

2. Third person singular. present in-
dicative of “*be’’.

3. Crystal cut.

4. Type of noise.

5. Amphibious mammal of the wea-
sel family.

6. Chemical symibol for a component
in some batteries.

8. Type of storage cell using an al-
kaline electrolytic.

8. Temporary canvas shelter.

10. Kight-pin tube base.

11. Vacuum tube housing ol metal or
glass.

13. The first grid of a tube.

18. Transistor base current (abbr.) .

19. Popular material used in inex-

2. Current
3. Interference.

. Plate resistance (abbr.).

. Base for the decimal system.

. Angular relationships of two sine

pensive styli.
X voltage =

waves.
. Color-T'V circuit (abhr.}.

. Form of oxvgen.
. The opposite of saturation in a

vacuum tube.

. Nickname.
K= X

. Physician (collog..
. Unit of capacitance.

. One complete TV picture,
. To rip apart.

. Information.

. To see at a distance.

. Aromatic herh of the mint family.
- Exclamation expressing contempt.
. Note of the musical scale.

. Sound system for the ““masses”
tabbr.y.

. Prefix meaning “away from’’.

January, 1967

Sonalert
New high-reliability
solid-state tone signal

Produces distinctive 2800 or
4500 cps tone, draws only 3 to
14 milliamps.

No RF noise—no arcing con-
tacts. Explosion-proof.

High reliability — solid-state
oscillator drives piezoelectric
sound transducer.

High output — 68 to 80 db
sound level.

Standard models available for operation on 6 to 28
volts DC, 6 to 28 volts AC, 110 volts AC. Can be
supplied with pulsed output, 3 to 5 pulses per second.
For data, typical circuitry for over-voltage, under-
voltage, overheat, security, and many other signalling
applications, write Mallory Distributor Products Com-
pany, a division of P. R. Mallory & Co. Inc., P.O.
Box 1558, Indianapolis, Indiana 46206.

MALLOR

- CIRCLE NO. 104 ON READER SERVICE CARD -

BIGGER ... BETTER
THAN EVER!

SEND TODAY FOR YOUR NEW

40th ANNIVERSARY
1967 CATALOG

YOUR BUYING GUIDE FOR

® Stereo & Hi-Fi Systems & Compo-
nents.

®» Tape Recorders

® Electronic Parts, Tubes, Tools.

#® Phonos & Records

# Cameras and Film

# Public Address.

# Citizens Band. @ Ham Gear

® Transistor & FM-AM Radios.

252 GIANT VALUE
PACKED PAGES!

Dept. EW, 1012 McGee, Kansas City, Mo. 64106
[J Rush me the FREE 1967 B-A Catalog.

Name. ..
Address.. ...

CIRCLE NO. 122 ON READER SERVICE CARD
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In today’s electronics boom, the demand for

men with technical education is far greater than
the supply of graduate engineers. Thousands

of real engineering jobs are being filled by men
without engineering degrees—provided they

are thoroughly trained in basic electronic theory
and modern application. The pay is good, the

future is bright...and the training can now be

acquired at home—on your own time,

— =y
e .'“‘

become a ,.....
“Non-Degree

Engineer”

www americanradiohietorv com
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HE ELECTRONICS BOOM has created a
Tnew breed of professional man—the non-
degree engineer. Depending on the branch
of electronics he’s in, he may “ride herd”
over a flock of computers, run a powerful
TV transmitter, supervise a service or
maintenance department, or work side by
side with distinguished scientists on a new
discovery.

But you do need to know more than
soldering connections, testing circuits and
replacing components. You need to really
know the fundamentals of electronics.

How can you pick up this necessary
knowledge? Many of today’s non-degree
engineers learned their electronics at
home. In fact, some authorities feel that
a home study course is the best way. Pop-
wlar Electronics said:

“By its very nature, home study devel-
ops your ability to analyze and extract in-
formation as well as to strengthen your
sense of responsibility and initiative.”

Cleveland Method Makes It Easy

If you do decide to advance your career
through home study, it's best to pick a
school that specializes in the home study
method. Elcctronics is complicated
enough without trying to learn it from
texts and lessons that were designed for
the classroom instead of the home.

Cleveland Institute of Electronics con-
centrates on home study exclusively. Over
the last 30 years it has developed tech-

niques that make learning at home easy,
even if you once had trouble studying.
Your instructor gives the lessons and
questions you send in his undivided per-
sonal attention—it’s like being the only
only student in his “class.” He not only
grades your work, he analyzes it. And he
mails back his corrections and comments
the same day he gets your lessons, so you
read his notations while everything is still
fresh in your mind.

Students who have taken other courses
often comment on how much more they
learn from CIE. Says Mark E. Newland
of Santa Maria, Calif.:

“Of 11 different correspondence courses
I've taken, CIE’s was the best prepared,
most interesting, and casiest to under-
stand. I passcd my Ist Class FCC exam
after completing my course, and have in-
creased my earnings by $120 a month.”

Always Up-to-Date

Because of rapid developments in elec-
tronics, CIE courses are constantly being
revised. This year’s courses include up-to-
the-minute lessons in Microminiaturiza-
tion, Laser Theory and Application, Sup-
pressed Carrier Modulation, Single Side-
band Techniques, Logical Troubleshoot-
ing, Boolean Algebra, Pulse Theory,
Timebase Generators...and many more.

CIE Assures You an FCC License

The Cleveland method of training is so
successful that better than 9 out of 10 CIE

www americanradiohietorv com

men who take the FCC exam pass it—
and on their first try. This is despite the
fact that, among non-CIE men, 2 out of
every 3 who take the exam fail! That’s
why CIE can promise in writing to refund
your tuition in full if you complete one of
its FCC courses and fail to pass the licens-
ing exam.

This Book Can Help You
Thousands who are advancing their elecs
tronics career started by reading our
famous book, “How To Succeed in Elec-
tronics.” It tells of many non-degree engi-
neering jobs and other electronics careers.
open to men with the proper training.
And it tells which courses of study best
prepare you for the work you want.

If you would like to cash in on the elec-
tronics boom, let us send you this 40-page
book free.

Just fill out and mail the attached card.
Or, if the card is missing, write to:

& Cleveland Institute
c I E of Electronics
1776 E.17th St.Dept. EW-26,
Cleveland, Ohio 44114
Accredited Member National Home Study Council

ENROLL UNDER NEW G.I. BILL
All CIE courses are available under
the new G.I. Bill. If you served on ac-
tive duty since January 31, 1955, or
are in service now, check box on re-
ply card for G.I. Bill information.
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PERMANENT PROTECTION!
Electronics

World

Defuxe Magazine Files
that hold a full
year’s copies!

Designed to keep your
periodicals orderly and easy to refer to. These
durable files guard against soiling, tearing, wear
or misplacement of issues. They look, feel like
leather and are washable! 23kt. gold lettering and
exquisite 2-color binding make them highly-deco-
rative additions to your bookshelves.

Shipped POSTPAID! FULLY GUARANTEED!
Only $3.50 each— 3 for $10, 6for $19

Order several today—for ELECTRONICS WORLD
and all your other favorite magazines.

P—————— e — — —
I Jesse Jones Box Corp., Box 5120, Dept. EW |
! Philadelphia 41, Pa. |
t Enclosed is § . Please send me - I
|
l Electronics World Magazine Files in the colors checked |
below: I
l [ Black backing/maroon sides |
I {J Maroon backing/black sides l
|
| NAME. :
|
ADDRESS I
| |
| cITy__ STATE _ZIP CODE :
| Orders outside U.S.A. please add $1 additional for |
l each file ordered.

L_——. (Pavment must accompany order) — — — 4

problem
solvers b,

PROBLEM:
Long Microphone

Cable Runs

SOLUTION:
A9BA Line Matching
Transformer

Matching low impedance micro-
phones to high impedance inputs?
Excessive high frequency loss and
hum pickup with long microphone
cable runs? The A95A Line Match-
ing Transformer solves both prob-
lems quickly — and economically.
New miniature size: 3,” diameter
and 2%” length. New hum shield-
ing: superior to any other trans-
former. New flexibility: 35-50 and
150-210 ochms input. New ease of
installation: input and output con-
nectors furnished. Only $17.50 List.

Shure Brothers, Inc.
222 Hartrey Avenue
Evanston, Illinois
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PRODUCT REPORT

Aul Instruments Model
For copy of manufacturer’s brochure,

ISTORIZED VOLT,
MODEL TVma

OHMmS
OC ma

(E*3

S o &
= IOK
v,
% 15005

e O ®.

RANGE

YHE design objective of the Aul
Model TV\N4 transistorized volt-ohm
milliammeter was to combine the fea-
tures of both v.o.m. and v.tv.m. in a
single, low-cost instrument. This ob-
jective was achieved by the use of a
transistorized difference amplifier and a
50-microampere taut-band meter. Bas-
ically, the amplifier acts like an imped-
ance transformer. The voltage at the
input of the awmplifier is approximate-
lv equal to that appearing across the
meter. However, the current through
the meter is much greater than that at
the input. The amplifier, in conjunc-
tion with the meter movement, vields
an instrument with a full-scale sensitiv-
ity of 150 millivolts, which mukes the
device many times more sensitive
than conveutional v.t.v.m.’s. In addi-
tion, there is improved stability.

TVM4 Transistor V.0.M.
circle No. 33 on Reader Service Card.

The amplifier draws less than one
milliampere so that the battery life
of the instrument begins to approach
the shelf life of the batteries. Silicon
diodes are used to protect the emitter-
base junctions of the transistors. In
case of an overload, one input transistor
will be turmed ofl with the silicon diode
protecting the emitter-base junction,
while the other input transistor and its
complement will saturate. This circui-
try allows an input impedance one
hundred times greater than that of the
conventional v.o.m.

The use of a taut-band movement
together with stable film 1% resistors
increases the long-term accuracy of the
TVAM4. The use of solid-state circuitry
and the absence of a power transfor-
mer and filament heating result in an
improved life for the instrument.

The device can be employed in any
application where a v.o.m. or a v.t.v.m.
is used. Its construction, in a fully insu-
lated case, allows differential measure-
ments on high-voltage circuits without
fear of an a.c. line return or of loading
eflects. It may be used in the field as
well as in the laboratory since it does
not require an a.c. line.

The employment of semiconductors
to provide foolproof and fast-acting
overload protection permits a 500 over-
load factor to be placed on the sensitive
d.c. ranges without damage to the in-
put circuit, the amplifier, or the meter
movement,

Model TVM4 measures 6% inches
high, 5% inches wide, and 2% inches
deep, weighs less than three pounds,
and is priced at $69.95. A

Hewleit-Packard Model
For copy of manufacturer’s brochure,

NEW digital voltineter, priced at
$595, has an accuracy of 0.1%
plus 1 digit, therefore making digital
precision available at a cost approach-
ing that of laboratory analog voltmeters.
The speed, convenience, and accuracy
of digital readout thus becomes avail-
able at a moderate vrice for general-
purpose applications in the laboratory,
on production test stands, in repair
shops, and at quality-assurance incom-
ing inspection stations.

www americanradiohietorv com

3430A Digital Voltmeter

circle No. 150 on Reader Service Card.

The new voltiieter, Hewleti-Packard
Model 3430A, has a floating input, a
feature not commonly found in digital
voltmeters of this price class. With its
“low” input terminal unstrapped from
ground, the voltmeter can make mea-
surements up to =500 volts d.c. re-
moved from ground. The input im-
pedance is 10 megohms on all ranges.

The instrument has five manually
selected ranges, from 100 millivolts
d.e. full scale to 1000 volts d.c. full

ELECTRONICS WORLD
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scale, and a three-digit readout. A
fourth digit (one or blank) permits
overrange measurements up to 60%
above full scale (except on the 1000-
volt range) at full accuracy. The instru-
ment automatically responds to the
polarity of the input and indicates
whether the input is a positive or nega-
tive voltage.

Among other features, the new digi-
tal voltmeter has an amplifier output
that provides a d.c. voltage proportional
to the input with a gain accuracy of
+0.1%. The amplifier output, handy
for driving a recorder, is capable of
driving any load that has an impedance
greater than 10,000 ohms without
degrading the accuracy of the reading.

The voltmeter is the staircase com-
parator type which compares the input
voltage to an internally generated volt-
age derived from a zener reference di-
ode and precision resistors. The inter-
nally generated voltage starts from zero
and is stepped automatically to suc-
ceedingly higher values until it matches

34304 DC DABTAL VOLTHCTER
Teetavy s naeases

the input voltage. Each step advances
a counter one digit; when coincidence
is reached, the number of accumulated
counts, which represents the input volt-
age, is shown on the front-panel display.
The instrument retains the displaved
number until the next measurement
cycle is completed, thus assuring a
continuous display without blinking.
The instrument completes two readings
per second. A

Vari-Tech Model VT-1160
Low-Resistance Tester

For copy of manufacturer’s brochure,
circle No. 151 on Reader Service Card.

NEW qualityv-control device has

been developed by Vari-Tech
which allows unusually rapid testing of
resistances in a 0.001- to 0.2-ohm range
to determine whether a pre-specified
limit has been exceeded. The VT-1160
low-resistance tester is designed to pro-

Semi-automatic in operation, the de-
vice simply requires successive posi-
tioning of two probes on the parts heing
tested; reject parts are signaled by
means  of an audible alarm. The
tester automatically switches on a self-
contained test current after the probes
have been positioned on a part, but
only after proper contact has heen
made, eliminating any arcing with sub-
sequent probe damage or arc marks
on the part under test.

|
\When proper contact is made, the

operator immediately hears a low tone.
If this tone stops, the test is “good”
and the resistance is acceptable; but if
the tone changes to a distinctly higher
pitch, the test is “bad” and the resis-
tance of the reject part has exceeded
the preset maximum. The reject alarm
remains on until reset by the operator,
Moreover, if proper contact is lost after
the test current is automaticallv
switched on, or if there is equipment
failure, the reject alarm sounds imme-
diately, making the system “fail-safe.”

The tester can be adapted for auto-
matic operation if used with an elec-
trode positioning device and production
part fixtwres. The two probes provided
are coax electrodes which, when placed
for a test, form a 4-terminal resistance
circuit.

Calibration of the instrument for the
test limit is done by first dialing the
desired test current on an ammeter
(5- to 25-ampere range) and then set-
ting the maximum allowable voltage
drop (and thus the maximum allowable
resistance) on a digital dial which is
graduated in millivolts over a zero- to
1.0-volt range. The ammeter reading is
accurate to =2% and the maximum

'

'NEW! 17TH EDITION

of the world-famous

RADIO HANDBOOK

e
e

e
>, s

» the most comprehensive
how-to-build-it source

s top problem-solver for
builders of practical equipment

Completely revised and enlarged by
William I. Orr, W6SALI. This is the com-
prehensive communications manual which
is the industry standard for electronic
engineers, technicians, and advanced
radio amateurs. Explains in authoritative
detail how to design and build all types of
radio communications equipment.

NEW HOW-TO-BUILD DATA

The new 17th Edition of the RADIO
HANDBOOK presents design data on
the latest amplifiers, transmitters, re-
ceivers, and transceivers. Includes great-
ly enlarged sections on single-sideband
equipment and design, and semiconduc-
tors. Gives extended coverage to r-f
amplifiers, special vacuum-tube circuits,
and computers All equipment described
is of modern design, free of TVI-pro-
ducing problems.

THOROUGHLY REVISED & UPDATED

Provides a complete understanding of
the theory and construction of all mod-
dern circuitry, semiconductors, anten-
nas, power supplies; full data on work-
shop practice, test equipment, radio
math and calculations. Includes aspects
of the industrial and military electronics
fields of special interest to the engineer
and advanced amateur. The 17th Edi-
tion of the RADIO HANDBOOK pro-
vides the broadest coverage in the field
—complete information on building and
operating a comprehensive variety of
high-performance equipment. All data
is clearly indexed. 832 pages; 614 x 914";
hardbound. Invaluable for electronic
engineers, designers, builders, amateurs,
| and technicians.

ORDER New 17th Edition of the famous

'Y TVvd RADIO HANDBOOK
| No. EE167, Only....$12.95

Order from your electronic parts
distributor or send coupon below.

EDITORS and ENGINEERS, Ltd. ﬂi

i P.O. Box 68003 ) |
| New Augusta, Ind. 46268, Dept. EWE-1 i

[
| | O Send me EE167, the new 17th Edition |

of the RADIO HANDBOOK at $12.95. |

r—,.

$__ encl.QCheck ] Money Order |

Janvary, 1967

vide accurate production-line tests of  voltage setting is accurate to =0.3% |
such things as connectors, spot welds, or 2 millivolts, whichever is greater. | | {
printed circuitry, semiconductor recti- The MNodel VT-1160 operates on’ | e ,l
fiers, and meter shunts. These tests can  standard current and requires 300 | | agaress {
be performed at the rate of one per watts. It is available from the manu-| I 1
second. fucturer at $600. A L iy State Zip -|
D
9
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Complete

Includes ALL parts (except tubes) . ..All
labor on ALL makes. Fast 24-hour
service with 1-year warranty

Sarkes Tarzian, Inc., largest manufacturer of
TV and FM tunecrs, offers unexcelled tuner over-
haul and factory-supervised repair service.

Tarzian-made tuners received one day will be
repaired and shipped out the next. More time
may be required on other makes. Every channel
checked and recaligned per original specs. And,
vou get a full, 12-month guarantee against de-
fective workmanship and parts failure due to
normal usage. Cost, including labor and patts
(except tubes) is only $9.50 and $15 for UV com-
binations. Replacements at low cost are available
on tuners bevond practical repair.

Always send TV make, chassis and Model
number with faulty tuner. Check with your local
distributor for Sarkes Tarzian replacement tun-
ers, parts or repair service. Or, use the address
nearest you for fast, factory-supervised repair
service,

#
|

(Factory-supervised tuner service
authorized by Sarkes Tarzian)

MIDWEST—817 N. Pennsylvania St.
Indianapolis, Ind. Box 1642
Tel: 317-632-3493

EAST—547-49 Tonnele Ave.
Jersey City, New Jersey « Tel: 201-792-3730

SOUTH-EAST—938 Gordon St., S.W.
Atlanta, Georgia « Tel: 404-758-2232

WEST—SARKES TARZIAN, Inc.
Tuner Service Division
10654 Magnolia Blvd., N. Hollywood, Calif.
Tel:213-769-2720

TUNER SERVICE CORPORATION

CIRCLE NO. 85 ON READER SERVICE CARD

GET
INTO

V.T.I. training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers,
radar and automation. Basic &
advanced courses in theory &
laboratory. Llectronic Engi-
neering Technology and Elec-
tronic Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I1. approved. Graduates in all
branches of electronics with
major companies. Start Feb-
ruary, September. Dorms,
campus. High school graduate
or equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana
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ELECTRONICS

CRT Phosphors

(Continued from page 52)

operating voltage of the electron heam.
The change can be made either by
switching voltage on a single gun or
through the use of two guns operat-
ing at different voltages. However,
such tubes are not in wide use at the
| present time.

Thin-Film Phosphors

Where high precision is needed for
radar display, film scanning, or read-
out svstems, it is desirable that the
cathode-ray tube have a very small
spot size. Vastly improved resolution
is accomplished through the use of
specially designed electron guns in con-
junction with very fine grain screens.
Conventional screens cmploy a phos-
phor with a grain size of about 10 «
(microns). To obtain a spot size of
1 mil or less, a phosphor with a grain
size of about 1 « must be used.

Several methods have been devised
to apply fine-grain phosphors to face-
plates, including vapor deposition and
settling from a solution. The latter is
slow because the small grains settle
more slowly  than larger particles.
Fine-grain phosphors are normally de-
posited in a thin, transparent film. The
surface may be finished by polishing
to assure uniformity and reduce “noise”
caused by irregularities.

Transparent films have lower effi-

clency than conventional phosphor
coatings, but they provide high resolu-
tion and freedom from graininess.

Since they are transparent, there is
little reflection of ambient light, so
contrast is good. Furthermore, the in-
timate contact between the film and
the faceplate permits efficient transfer
of heat caused by electron bombard-
ment, and consequently transparent
phosphors are highly resistant to burns.

Aluminized Tubes

The brightness of cathode-ray tubes
may be considerably improved by dif-
fusing a thin layer of aluminum over
the phosphor. The aluminum laver is
| thin enough to permit the electron
beam to penetrate to the phosplior.
Brightness is increased because much

[of the phosphor luminescence that
would otherwise be lost in the interior
of the tube is vreflected forward.

Aluminizing has other useful eflects.
Since aluminum is a good conductor,
it prevents a negative charge {rom
building up on the faceplate. Elec-
trons therefore reach the screen at a
higher velocity, adding to the bright-
ness. Furthermore, the aluminum coat-
ing protects the more fragile phosphors
against burning.

[f the accelerating potential of the
{ cathode-rav tube is inuch less than 5

www americanradiohietorv com

Lilovolts, it is usuallv not worthwhile
to aluminize the tube. The beam en-
ergyv lost in penetrating the aluminum
coating is a substantial part of the
total beam energy at lower accelerating
potentials, and this offsets the gain in
brightness from aluminizing.

It is sometimes considered unde-
sirable to employ a high accelerating
potential on the electrodes of a cathode-
rav tube because the beam becomes
“stilf” and a high voltage must be ap-
plied to the deflection plates, resulting
in loss of sensitivity. The difficulty
may be overcome by placing accelerat-
ing electrodes carrving high voltage
bevond the deflection plates. In this
way, the beam is first deflected and
then accelerated. This post-deflection
acceleration is usually accomplished by
applving a high-accelerating potential
to one or more circles of conductive
couting on the internal surface of the
bull near the faceplate. A fast-writing
cathode-ray tube made by Edgerton,
Germeshausen and Grier, Inc., designed
for operation from d.c. to 2000 MHz
and having 0.2 nanosecond rise time,
maintains high sensitivity while utiliz-
ing a 20-kV accelerating potential
through the use ol post-deflection ac-
celeration. In this instance, the ac-
celerating field is distributed over a
long spuce between the screen and the
deflection plates by a high-resistance
graphite spiral etched on the tube bulb.
The accelerating voltage across this
spiral creates a uniform field gradient
over most of the post-deflection region.

Internal Graticules

Until recently, cathode-ray tubes
were normally used with a plastic disc
on which was marked the graticule or
scale needed for making measure-
ments. Since the trace appears on the
phosphor on the inside surface of the
tube, the separation between the trace
and the graticule would introduce an
crror due to parallax whenever the
line from the eve to the point of the
trace under observation was not per-
pendicular to the plane of the graticule.
This effect was accentuated if the trace
and the graticule were further sepa-
rated through the use of a filter.

To overcome this difficulty, an in-
ternal graticule is now used in many
cathode-ray tubes. [t is composed of
lines etched on the inside of the
faceplate, in the same plane as the
phosphor.  Finely ground black glass
was selected for this purpose and is
bonded to the faceplate at a high
temperature.  The internal graticule
thus formed entirely eliminates pacal-
lax errors. Two viewers can observe
a cathode-ray tube at the same time
and see the same thing; a single view-
er can shift his position without af-
fecting the apparent location of the
trace. A

ELECTRONICS WORLD
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EARTH'S MAGNETIC
FIELD & COLOR TV

LECTRON beamns traveling from

the guns to the face of a color pic-
ture tube are influenced by the mag-
netic fields of the deflection voke,
convergence, and purity assemblies.

The influence of the earth’s magnetic
field must be considered for exacting
puritv adjustment. The effect of this
field is minimized by the picture-tube
shield. If the magnetic properties of the
shield are aligned while in a specific
field, the shield opposes any change due
to a new field.

Degaussing the set during initial
manufacture aligns the shadow mask
and shield to counter the earth’s mag-
netic field during receiver relocation.

The earth’s magnetic field consists of
a vertical and horizontal component.
Variation of vertical component due to
geographic area is constant and does not
change its effect when set is rotated.
Initial degaussing cancels this eflect.

However, when the receiver is ro-
tated, the intersection angle of the
horizontal component changes, causing
a change in beum deflection. In the west
(or east) position, maximum vertical
bean deflection occurs and the center
of the screen is highly influenced. If

purity is set in the west position and the |

receiver is then oriented east, maximum
travel of the electron beam occurs:
from upper deflection extreme (west) to
lower extreme (eust). The possibility of
impurity is great when the set is ro-
tated under these conditions.

When facing north (or south}), the
electron beams in the center screen area
are parallel with the magnetic lines and
for all practical purposes are not aftected
by the ecarth’s magnetic field. Beam
deflection at the outer edges is influ-
enced, but the amount of movement is
minimum. Under these conditions, a
more exacting purity adjustment can be
obtained, both at the center and outer
edges of the screen. Adjusting purity in
the north (or south) orientation, when
beam deflection is minimum, lessens the
chance of impurity when the set is ro-
tated to any other position. The chance
of purity errors are actually cut in half,
for movement of the electron beam will
not extend to the extremes possible if
purity is adjusted west and then the re-
ceiver is rotated east.

Making purity adjustments using
north or south orientation
more exact and longer-lasting purity.
Also, better results from automatic de-
gaussing will be obtained, permitting
the relocation of color sets without the
need for purity adjustiment.

This data is from RCA Victor “Plain
Talk and Technical Tips.” A

Janvary, 1967
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Look what's happened to the RCA WR-51A FM Stereo Signal Simulator

...It got to be the WR-52A...
NEW.REDESIGNED AND IMPROVED

Last year we decided to make a few improvements in
our WR-51A Stereo FM Signal Simulator. .. for two
years THE established test instrument for multiplex
stereo servicing. We intended to call it the WR-51B.

But one thing led to another and we made so many
extensive improvements that we virtually had a new
instrument on our hands. You're looking at it: the
NEW RCA WR-52A STEREO FM SIGNAL SIMULATOR.
We've added an RF Deviation Meter to measure the
modulation level of both stereo and monaural FM sig-
nals. The meter is also used to accurately establish
the level of the 19 Kc subcarrier.

We've included provisions for modulating left or right
stereo signals with an external monaural source.
We've added a switch to disable the 19 Kc oscillator
to provide a low-distortion monaural FM output.
We've added a new frequency (72 Kc)...required,
along with the 67 Kc frequency, for trap alignment in
some sets.

These features, together with numerous internal cir-
cuit design changes have resulted in a vastly im-
proved, almost completely new instrument. And, the
RCA WR-52A includes all those features that made its
predecessor such a valuable servicing tool.

® COMPOSITE STEREQ OUTPUT-—for direct connection
to multiplex circuit

Choice of left stereo and right stereo signals

®RF QUTPUT—for connection to receiver antenna ter-
minals

100 Mc carrier, tuneable

Choice of FM signals—left stereo, right stereo,
monaural FM, internal test and 60 cycle FM sweep

FM stereo deviation adjustable from 0-100%

100 Mc sweep signal adjustable from 0 to more
than 750 Kc at a 60 cps rate

RF output attenuator
®CRYSTAL-CONTROLLED 19 Kc SUBCARRIER (=.01%)
M SINE WAVE FREQUENCIES
Th&ee low-distortion frequencies—400 cps, 1 Kc,
c
Two crystal-controlled frequencies—19 and 38 Kc
Additional frequencies—67 and 72 Kc for trap
alignment
BREADILY PORTABLE—weighs
measures 13%2” by 10~ by 8~
B COMPLETE WITH WIRED-IN CONNECTING CABLES
We also raised the price...just 50 cents. The WR-52A

is now $227.00.* Ask to see it at your Authorized RCA
Test Equipment Distributor.

*Optional distributor resale price, subject to change with-
out notice. May be slightly higher in Hawaii and the West.

RCA ELECTRONIC COMPONENTS & DEVICES, HARRISON, N.J.

only 123 pounds,

The Most Trusted Name in Electronics

®
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NOW "

A Complete Automotive and
Ignition Tune-Up System

MARK TEN

Capacitive Discharge
Ignition System

$4495 Assembled
$2995 Kit Form

Get mileage you never dreamed of! 3 to
10 times spark plug life. Instant starts in
all weather. Installs in only 10 minutes.
Up to 20% gas savings. Dramatic increase
in engine performance and acceleration.

>

NEW AUTO TUNE UP
INSTRUMENTS

i

A TranaiestT,

‘l Trawsitestera

DWELL TACH
METER METER
$12.95 $14.95
Ppd. Ppd.

These two new cousins to the world fa-
mous proven MARK TEN now give you the
capability to tune your own car inexpen-
sively, easily, with remarkable precision.
These separate instruments are low cost,
portable and the easiest to read you've
ever seen.

e Delta’s famous printed circuit design

e Superior in precision, quality and per-
formance to instruments seliing for FIVE
TIMES as much

e large dial, high quality jewel D'arson-
val meters

e Operates with standard, transistor or
capacitive discharge systems as well as
magnetos

e Instant readings — no confusing scales
Send Your Order Today
il Il IE . E ..

/I DELTA PRODUCTS,

P.0. Box 1147EW e Grand Junction, Colo.
Enclosed is $ . Ship prepaid.
[ Ship C.0.D.
Please send:
] Dwell Meters @ $12.95
[ Tach Meters @ $14.95
[ Mark Tens (Assembled) @ $44.95
] Mark Tens (Delta Kit) @ $29.95
(12 volt positive or negative ground only)
SPECIFY — [ Positive [] Negative
[J6 or [J12 Volt

Make.

Car Year.

Name
Address
City/State Zip
B I ...
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Philco-Ford Introduces IC Radio

A pair of integrated-civcuit chips performs all
functions from r.f. stage through audio amplifier.

| TNTEGRATED circuits are really tak-
} ing off into the realm of consumer
| products. First was RCA with its IC in-
tercarrier audio i.f. in TV sets. Now
comes Philco-Ford with the introduc-
tion of the battery-powered portable
radio, Model T112WA, that uses a pair
of 1C’s bonded to a common substrate
which is less than one-inch square.

One of the IC’s contains 12 transis-
tors and 21 resistors, while the other
| contains 14 transistors, two diodes, and
' 32 resistors. The pair of IC’s perform
' all functions from the r.f. stage through
to the audio amplifier. The convention-
al components in the set include a 2}-
inch loudspeaker, a ferrite antenna, the
tuning capacitor, ceramic i.f. filter and
if. transformer, an audio transformer
the local oscillator transformer, five re-
sistors, 17 capacitors, and the volume
control potentiometer. The company
has released no detailed information on
the 1C’s.

The 1C’s used in the radio were de-
veloped, and are manutactured, at the
Philco Microelectronics Division, locat-
ed in Lansdale, Pa., and are the result
of three vears’ work.

Philco-Ford also announced that it is
running a parallel development pro-
gram in integrated circuitry for TV
sets, which is next in line, and then

on the same circuit board
less parts. The pair of IC’

(%
\x‘!

.
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stereo high-fidelity home scund systems.

In a companion area, Philco-Ford
also announced the “PEMS” modules
(Philco Electronic Modules) which are
thick-film hybrid circuits that contain
capacitors and resistors with the active
elements—diodes and transistors in chip
form—bonded to the module; the entire
assembly is then given a protective
plastic coating. These modules are to
be introduced in this company’s black-
and-white TV sets in the near future.

Initial application will be in the
horizontal phase comparator circuit of
monochrome sets and future application
is also considered for the chroma refer-
ence oscillator in color sets. A

forEpuE

w

poraes G

The use of IC's does not necessarily
mean a size reduction of the radio.

Photo below shows that the new radio (top}, although built

as the old (bottom), uses far

s is mounted under the board.

ELECTRONICS WORLD
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IC USED IN NEW TV KIT

BY D.G. RUPLEY /chief Engineer, Consumer Products, Heath Co.

Technical details on the first use of an IC in a commercial
kit. Besides the IC, the set also uses a new small-neck CRT.

r[‘HE “Heathkit” Model GR-104 all-
solid-state 12-inch TV receiver, us-
ing an integrated circuit (IC) contain-
ing the sound i.f., detector, and audio
preamplifier stages, is the first com-
mercial kit to use an 1C.

After a relativelv conventional solid-
state front-end, i.f., and video detection
svstem, the audio is taken off the col-
lector of the video driver stage and
coupled to the silicon wide-band mono-
lithic IC as shown in the schematic.
This IC incorporates 12 transistors, 12
diodes, and 15 resistors, all housed in
a single TO-5 case. Although this
unit does not offer any immediate cost
saving, it does have the advantage of
reducing the number of soldered con-
nections (and thereby possible kit trou-
blespots) that would be encountered
using individual components.

The 4.5-MHz signal is transforner-
coupled to the IC input. After ampli-
fication and limiting, the signal is
coupled to the primary of detector
transformer T1. The windings of the
detector transformer have been labeled
as L1, L2, L3, and L4 to ease the ex-
planation of detector operation. Di-
odes D5, D6, and D7 are reverse-
biased to exhibit the characteristics
of capacitors. Capacitors across the
primary and secondary of T1 are used
to tune this transformer to 4.5 NHz.

Consider a separate voltage that is
induced by the primary (L1) into each
of the three secondary windings (L2,
L3, and L4). L4, which is closely
coupled to the primary, introduces u
voltage that is in series with both L2
and L3. The voltage across L4 is rela-
tively constant in amplitude as long as
the voltage across L1 does not change.

FEach detector diode (D3 and D4)
has its own charging loop. Current
flowing in diode D4 is controlled by
the voltage induced in L2 and L4
which charges diode capacitor DG.
{(Remember that diodes D5, D6, and
D7 are reverse-biased to act as capaci-
tors.) Current flowing in diode D3 is
controlled by the voltage induced in
L3 and L4, which charges diode ca-
pacitor D5. Curent flows in both di-
rections through L4, since this coil is
common to both charging loops.

When the audio i.f. signal (4.5 MHz)
is unmodulated, the diode currents are
equal and cancel each other. Thus

January, 1967

there is no voltage variation across D7
at the base of audio transistor Q11.

When the i.f. deviates from 4.5 MHz
due to FM modulation, the current in
one diode loop increases while the cur-
rent in the other loop decreases. These
changes are caused by a variation in
the phase relationship in the signal
across L2 and L3, Current flows
through L4 and R16 in the direction
of the largest signal and an output volt-
age is devcloped across L4 and R16.

The amplitude of this signal is de-
termined bv how far the i.f. deviates
from the 4.53-MHz center frequency,
while the frequency depends on how
often the i.f. deviates from the 4.5-
AMHz center frequency. The audio volt-
age appearing at the junction of R16
and D7 is coupled directly into the
base of transistor Q11. Transistors
Q11 and Q12 are directly coupled as
emitter followers to match the rela-
tively high impedance of the detector
circuit to the lower impedance of the
audio amplifier circuit.

The operational features of the IC
are also advantageous. The unit has
75 dB of power gain at 4.3 MHz, its
limiting characteristics are excellent,
and AM rejection is 50 dB. The re-
covered audio is sufficient to drive the
complementary  symmetry audio  out-
put cirenit.

Entire sound i.f. except for the output
audio stages are contained on the one IC.

One of the, main problems in de-
signing TV receivers for portable or
battery use is the incfficiency of the
sweep circuits. Over 80% of the power
required to operate the receiver goes
into the sweep circuits. There are a
number of approaches a designer might
take to increase the sweep efliciency.
One would be to use a smaller deflec-
tion angle, thereby reducing the amount
of power required to deflect the beam.
This, however, is directly opposite to
the results that would be desired in
packaging the receiver, as lowering the
deflection angle requires that the CRT
neck become much longer. Another
approach, which was used in this set,
is to reduce the neck diameter of the
CRT. This means that the magnetic
flux from the deflection yoke can be
coupled much closer to the electron
bean, increasing deflection efficiency.

In comparison, a 127, 90° deflection
CRT with a neck diameter of %%” has
an over-all length of 10%”. This new
receiver uses a type 12CEP4, a 127,
110° magnetically deflected CRT whose
neck diameter is only 20 mm (a little
larger than %7).

The deflection power required for
this 110° tube is approximately the
same as for the 90° deflection angle
tube with the larger diameter neck,
vet over-all depth is only 97 A
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SOMEONE SHOULD DEVELOP AN EASY WAY

TO LEARN ELECTRONICS AT HOME

74

RCA INSTITUTES DID!

Here is a whole new approach to learning L

electronics at home! RCA Institutes,

one of the nations’ largest schools devoted

to electronics, has developed a faster, ?

easier way for you to gain the skills and ]

the knowledge you need for the career i

of your choice. Here for the first time, is a

student-proved, scientifically designed way

to learn. If you have had any doubts in

the past about home training in electronics

—if you have hesitated because you thought

you might not be able to keep up—or that

electronics was too complicated to learn— ¢ el

here is your answer! Read how P |

RCA Institutes has revolutionized ;
s

its entire home training ideas!
- - {f P

o,
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NEW CAREER PROGRAMS
BEGIN WITH “AUTOTEXT" INSTRUCTION METHOD!

Start to learn the field of your choice immediately!

No previous training or experience in electronics needed!

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

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

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

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

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

Automation Electronics. Gets you ready
to be an Automation Electronics Tech-
nician; Manufacturer's Representative;
Industrial Electronics Technician.
Automatic Controls. Prepares you to be
an Automatic Controls Electronics Tech-
nician; Industrial Laboratory Technician;
Maintenance Technician; Field Engineer.
Digital Techniques. For a career as a
Digital Techniques Electronics Techni-
cian; Industrial Electronics Technician;
Industrial Laboratory Technician.

January, 1967

Telecommunications. For a job as TV Sta-
tion Engineer, Mobile Communications
Technician, Marine Radio Technician.
Industrial Electronics. For jobs as In-
dustrial Electronics Technicians; Field
Engineers; Maintenance Technicians; In-
dustrial Laboratory Technicians.
Nuclear Instrumentation. For those who
want careers as Nuclear Instrumentation
Electronics Technicians; Industrial Lab-
oratory Technicians; Industrial Electron-
ics Technicians.

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

SEPARATE COURSES

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

LIBERAL TUITION PLAN

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

VALUABLE EQUIPMENT

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

www americanradiohietorv com

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

Bonus From RCA—Multimeter and

Oscilloscope Kits. At no additional cost,
you will receive with every RCA Insti-
tutes Career Program the instruments
and kit material you need to build a
multimeter and oscilioscope. The Inclu-
sion of both these kits is an RCA extra.

CLASSROOM TRAINING
ALSO AVAILABLE

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

FREE PLACEMENT SERVICE

In recent years, 9 out of 10 Resident
School students who used the Free
Placement Service had their jobs waiting
for them when they graduated. And
many of these jobs were with top com-
panies in the field—such as IBM, Bell
Telephone Labs, General Electric, RCA,
and radio and TV stations and other
communications systems throughout
the world.

SEND ATTACHED POSTAGE PAID CARD
FOR COMPLETE INFORMATION, NO OB-
LIGATION. NO SALESMAN WILL CALL.
FREE BOOK INCLUDED. CHECK HOME
STUDY OR CLASSROOM TRAINING.

RCA INSTITUTES, Inc., pept. ew-17

A Service of Radio Corporation of America
350 West 4th St., New York, N.Y. 10014

The Most Trusted Name in Electronics
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SCOTT’S NEW
ONE-AFTERNOON
TUNER KIT
DELIVERS
AMAZING FET
PERFORMANCE

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

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

LT-112B specifications: Usable sensitivity, 1.8 .V; Cross
modulation, 90 dB; Stereo separation, 40 dB; Capture
ratio, 2.5 dB; Price, $189.95.
For complete information on the Scott LT-1128, send for

your free copy of Scott's 16-page full-color illustrated
Guide to Custom Stereo,

FREE! 1367 SCOTT
GUIDE TO CUSTOM STERED

Here ar2 16 colorful, information-packed
pages on Scott stereo components . . .
receivers, tuners, amplifiers, speakers . . .
for 1967. Fact-filled, fully-illustrated articles
show you what to look for when buying
solid-state components, how stereo works,
how to create your own home music system.

*Patents pending

NAME
ADDRESS
Ity
STAYE ZP
Scott . . . where innovation is a tradition

| SCOTT

-
H. H. Scott, Inc.,
111 Powdermill Road, Maynard, Mass.
Export: H. H. Scott, Inc,, Maynard, Mass.
: Prices slightly higher west of Rackies, Subject to change without notice
LA AN NN NN NN NN ANNE NN NN NN NN NN NN NNNNENY]
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NEW RADIOTELEPHONE
MODULATION METHOD

By PATRICK HALLIDAY

l FECENTLY, the British Post Office
Rescarch Station demonstrated
some tape recordings of radiotelephone
circuits between the United Kingdom
and Delhi, India made during extremely
poor high-frequency radio conditions.

One set of tapes showed the near im-
possibility of carryving on conversation
when fading and background noise pro-
duced a condition of “lock-ont™—that is,
when the noise was sufficient to override
the action of the voice-operated sing-
ing suppressor so that one speaker was
mnable to break in on the other. The
other recordings, made under the saine
poor conditions, were of rapid, normal
telephone conversations with solid in-
telligibility, no problems of lock-out, and
an almost startling  absence of  back-
ground noise between words.

These second tapes were made with a
new tvpe of telephone terminal equip-
ment called Lincompex from LINked
COMpressor and EXpander. This new
svstem, developed by British Post Office
engineers, is now indergoing field trials
and is proving so successful that the sys-
tem is likelv to come into widespread use
on other difficult hf. circuits, Tt may
also kater prove to have many other ap-
plications, including possible use on mo-
bile h.f. circuits such as the ship-to-shore
radio links.

As the name iudicates, the svstem de-
pends npon the use of compressors and
expanders. A combination of a conpres-
sor at the input terminal and an ex-
pander at the output terminal is used
quite widelv in telephone work, The
compressor reduces the amplitude range
of the signal and the expander does the
opposite, restoriug the dynamic range
of the signal to its original value. The
success ol such combinations depends
upon the fact the noise in a speech cir-
cuit is more serious when in the inter-
vals between words than when the same
amount of noise is heard only as a back-
ground to the words.

In the new system, processing is taken
a good deal further than in conventional
circuits by the inclusion of an additional

control channel which it has proved pos-
sible to accommodate within the normal
3-ke. bandwidth of Tong-distance voice
circuits. Apart from the very high degree
of noise suppression between words, the
equipment renders the circnit minch
more resistant to other forms of noise,
crosstalk, and interference.

Although some work with basically
similar techniques has been carried out
in France and in the United States, the
British Post Oflice is believed to be the
first administration to reach the point of
using the system on operational traffic.
[ts success makes the British engineers
believe that it will eventually be adopted
by most organizations operating high-
freqquency radio links. First, of course,
it will be necessary to agree on exact
parameters—a matter fov the Intema-
tional Consultative Committee on Radio
(CCIR).

At the transmitter (Fig. 1A), the
voice signals are applied to a speech
compressor producing a constant-output
signal level regardless of the instantane-
ous level of the input voice signals. In
other words, all the loudness variations
are smoothed out, including the syllable-
to-syHable changes. i this it differs from
the conventional compressor or constant-
volume amplifiers which are relatively
slow-acting and do not smooth out the
svilabic variations of level.

Because the output signal is always of
the same amplitude, the radio transmit-
ter can be kept fully modulated at all
times, but to the listener the speech is
almost completely unintelligible. From
the compressor, however, a second sig-
nal output, called the control signal, is
obtained. This, in cffect, is u measure of
the instantaneous voice level of the
speaker. This signal is obtained by reeti-
fyving a portion of the input voice signal.

Two signals are transmitted: one is
the speech signal from which all loud-
ness  information has  been removed,
while the second signal contains the
missing loudness details. Both these sig-
nals are radiated from the transmitter
within the usual 3-ke. bandwidth of an

Fig. 1. FM control signal determines voice amplitude at both ends of phone link.

INPUT->— COMPRESSOR > 2 Tx

FM
CONTROL
SIGNAL

(a)
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CONSTANT
Ry VOLUME —’ﬂ EXPANDER f—» OUTPUT
AMPLIFIER
CONTROL
M SIGNAL

DISCRIMINATOR

(B)
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independent sideband channel, This is
done by lopping oft a few hundred cy-
cles from the higher end of the audio
spectrum, shifting the remaining audio
up in frequency by a similar amount,
and using the resulting low-frequency
portion of about 400 cycles to carry the
control signal in the form of narrow-
band frequency modulation.

At the receiving terminal (Fig. 1B),
the two signals pass through the carly
stages of the receiver and are then sep-
arated by filters. The effect of variations
of signal strength due to normal fading
will already have been reduced by re-
ceiver a.g.c., but any remaining varia-
tions are removed by passing the speech
signal throngh another constant-volume
amplifier. The IFM control signal is fed
to a discriminator whose output is used
to control the gain of an expander unit.
The output from the expander then in-
cludes all the loudness variations of the
original speech.

In practice, a further necessity ariscs
—that of incorporating delay networks
into the voice channel so that the times
of transmission of the narrow and wider
bandwidth signals are equalized.

On difficult h.f. radio circuits, the
nse of Lincompex terminals should allow
operational time to be extended by some
10 to 15% What is perhaps more im-
portant for the user, he can talk much
more rapidly and confidently without
the many interruptions and repetitions
so often needed when radio conditions
are marginal.

Lincompex thus holds considerable
promise of bringing about a substantial
improvement in h.f. point-to-point links
which—despite the rapid progress of
ocean cables and satellite cornmunica-
tions—still carry an important part of
the world’s long-distance telephone com-
munications. A

12-V. BATTERY CHARGER
SING A G-E X3 silicon controlled
rectifier, the circuit shown in the
diagram makes a low-cost auto battery
charger. When the voltage across the
battery reaches the voltage determined
by the “Trip Point Sclector,” the unit
goes 1o a trickle charge. The SCR can
handle up to 13 amperes and so is ca-
pable of charging many types of auto
batteries. A

Tax
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bother with makeshift
twist-prong capacitor replacements ?

When you substitute capacitor sizes and ratings,
you leave yourself wide open for criticism

of your work . . . you risk your reputation . . .
you stand to lose customers. It just doesn’t

pay to use makeshifts when it’s so easy to get the
exact replacement from your Sprague distributor!

Get the right SIZE,

right RATING every time
with improved
SPRAGUE
TWIST-LOK®
» CAPAGITORS!

1,863 different capacitors to choose from!

The industry's most complete selection of twist-prong capacitors,
bar none. Greater reliability, too. Exclusive Sprague cover design
provides a leak-proof seal which permits capacitors to withstand
higher ripple currents.

GET YOUR COPY of Sprague's com-
prehensive Electrolytic Capacitor
Replacement Manual K-107 from
your Sprague Distributer, or write

Sprague Products Ce., 51 Mar- s p n n u EE
shall Street, North Adams, Mass.

THE MARK OF RELIABILITY

WORLD’S LARGEST MANUFACTURER OF CAPACITORS

€5-126-63 R
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ONLY GCTV CAMERA
KIT ON THE MARKET

IMPROVED MODEL!

m Vidicon $20950

® 25mm. fl.9 Lens

m Cable $20 DOWN
$10 MONTH

m Instructions
ASSEMBLED $259.50

The affordable answer to an easy-to-use,
top performing surveillance camera. Hun-
dreds of uses in home, store, plant, office.
hospital, school. Connects instantly to any
TV set. Gives excellent picture with hght
from 150-watt bulb. Operates up to six
sets. Complete — nothing else to buy.
Optional lenses and tripod available.

All parts guaranteed one year. Vidicon

guaranteed 90 days. Make check or money
order to CONAR. Shipped REA collect.
SEND FOR FREE CONAR CATALOG

( :ONA Bivision of National Radio
Institute, Dept. AB7C

3939 Wisconsin Avenue, Washington, D.C.. 20016

free

The complete
story in color,
with pictures
and specifica-
tions, of the
most exciting
line of solid
state stereo
kits. ‘.. .in
the top ranks
of modern
stereo.”
Hirsch-Houck
Labs—Elec-
tronics World.
" .. will out
perform most
factory-
assembled
rigs you can
huy today.”
Popular Science

N BN N N N N N N N N |

1$» ACOUSTECH;

Acoustech, Inc. Div. of Koss Electronics
. 139 Main S.. Dept. E1, Cambndge, Mass. 02142

Please send me your calorful kit brochure with l
complete details on the top-rated line of solid

1
I state stereo kits.
I Name

I Address

I City & State

Zip Code

L---_------_-J
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EW Lab Tested ’

(Continued from page 16)

with a four-pole induction meter. The
changer spindle can be removed und
replaced with o short spindle for sin-
agle-play operation. A lever sets arm
indexing for 77, 107, or 12” records.
The tracking-force dial has click stops |
every % gram. The cuing lever raises |
the pickup hrom the record and lowers
it to the groove which it lett. It is not |
a hvdraulically damped system such
as that found on most costly changers,
but it works quite elfectively. A unigue
feature is the automatic arm rest lock.
Whenever the arn is returned to the
rest after playing, the lock is actuuated
to clamip it i place. When the changer
is started up, the lock releases betore
the wrm lifts. The changer comes with
an integral six-toot line cord and a de-
tachable twin-conductor shielded audio
cuble.

The meuasured tracking error of the
arm ol the BSR 500 with a tvpical
good-quality cartridge installed was
maximuty of 3% at a 3-inch radius. At
most points on the record, the error
was much sinaller. The 1°/inch track-
ing ervor is shightlv Lurger than would
be considered desiruble but this does
not imtroduce any significant distortion
in playback.

The wrm resonance with this car-
tridge was at 20 Iz und was well-
damped. The rise in response at 20 Hz
was about 3 dB, and the output fell oft
sharply below that trequency. The cali-
bration of the tracking-force dial was
within 0.2 gram from 1 gram to 4
grams. At higher scttings the actual

| force was almost 1 gram high, although

it is unlikely that this changer would
be used with uny cartridge requiring
more than 4 grams. We used the 2-
grami lorce which was optimum for
the particulur cartridge mstalled, and
the changer mechanism functioned per-
tectly.

The wow was about 0.1 te 0.12%
from 33 to 78 rpm, and about 0.15%
at 16 rpm. Flutter was very  low—
0.025% at the three higher speeds and
0.04% at 16 rpm. Ruruble, in the lateral
plune, wus —28 dB, referred to 1.4 em/
see at 100 Hz (NAB Standird). In-
cluding vertical components, the rum-
ble was —23 dB. These figures ure
typical of the other moderately priced
record changers thut we huave tested in
the past.

In listening tests, the rumble was not
audible at normal volume levels. The
changer was mechanically smooth and
quiet in operation, easy to handle, and
lived up to ull the claims made for it.
It is a very good value at its price of
$49.50, rivaling other more expensive
instruments in performance and fea-
tures. A
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PROBLEM:
Feedback

SOLUTION:
Unidyne Il

ULTRA-COMPACT UNI-
DIRECTIONAL MICROPHONE

Shure's true cardioid micro-
phones with pick-up pattern
symmetrical about the axis
in all planes, at all frequen-
cies! Solves more common
P.A. system problems than
any other microphone made:
eftectively controls feedback
caused by sound reflections
or spurious frequencies. Also
suppresses reverberant
‘‘boom.” Uniform pattern
without “hot spots’’ or '‘dead”
areas; ideal for distant pick-
up, group coverage with one
microphone, or multiple mi-
crophone set-ups. Model 545S
with Switch—List $89.95.

budget a problem too?

o

LOW COST
! UNIDYNE A

In the quality tradition of the
famed Unidyne family. Gives
unidirectional problem solv-
ing ability at an omnidirec-
tional price makes it
possible to effectively control
feedback even in low budget
P.A. systems. Choice of im-
pedances. Low Impedance
model 580 SB only $52.00 List.

write for data sheets:

SHURE BROTHERS, INC.
222 Hartrey Ave.
Evanston, Illinois
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‘DESIGN AND CONSTRUCTION OF ELEC-
TRONIC EQUIPMENT' by George Shiers.
Published by Prentice-Hall, Inc., Engle-
wood Cliffs, New Jersey. 333 pages.
Price $14.00.

This volume is addressed to techni-
cians, draftsmen, designers, and others
in the industry involved in the design
and fabrication of various types of
electronic equipment. The book covers
design objectives and procedures.
cquipment types and structures. and
such associated topics as wiring design,
subassemblies, miniature construction,
and microelectronic techniques.

The book also provides charts of the
major factors to be considered in each
phase of design. These charts are con-
venient for review aud ready reference
and can be used as check lists. both
for training and in the actual desigu.

Modermn manufacturing  techniques,
plant equipmient, materials, and typical
processes are described and illustrated.
Since the text is self-contained and
fuirly  comprehensive, the book could
casihv be used for self-instruction as
well as for a classroom text,

k) o L
“USING YOUR TAPE RECORDER" by
IMarold D. Weiler. Published by Allied
Radio Corp., 100 N. Western Ave..
Chicago. 1L 60680. 93 pages. Price
$0.50. Solt cover.

The growing popularity of tape re-
cording has put these machines into
the hands of many non-technical users
who undoubtedly need move informa-
tion about their cquipment than s
normally snpplied in the instruction
nmannal accompanving the machine.

This handy, pocket-size manual per-
mits the user to get more out of his
machine by knowing its capabilities
and  limitations. The book is divided
into ten chapters covering the nature
of sound, the recorder, microphone re-
cording, dubbing from records. off-the-
air recording. tape editing, the tape,
adding sound effects, adding sound to
slides and movies, and recorder main-
tenance.

The anthor’s treatment is informal
and non-technical. making this little
manual a boon to the uninitiated.

kel & U
""CRYSTALS, DIAMONDS AND TRANSIS-
TORS” by L. \WV. \Lurison. Published
by Penguin Books, Baltimore. Mary-
land. 303 pages. Price $1.95. Soft cover.
(Pelican No. A758)

This is another of this publisher’s
excellent original volumes dealing with
a potentiallv complex subject on the
layman’s level. The author—Irish bomn
and English educated—has a wayv with
words that will capture the reader from
his preface to the very last page. Des-
pite this casual approach, there is a
lot of meat in this little book. As an
industrial research chemist and a spe-
cialist in chemical spectroscopy, the
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author is an expert who takes great
delight in sharing his expertise with
his readers. Iis topics range from crvs-
tals, ice, and diamonds through semi-
conductors. fluorescent lighting, and TV
sereens.

The text is well illustrated by line
drawings and photographs.

& k] &
""SECRETS OF ELECTRONIC ESPIONAGE'
by John M. Carroll. Published by E. P.
Dution & Company, New York. 217
pages. Price $3.95.

This is another of Mr. Curroll’s in-
formal and popular treatments of a
technieal subject (he is the anthor of
“The Storv of the Laser™), and it comes
at a time when a good many thoughtful
citizens are up in arms about the threat
ol "Big Brothers™.

That electronic  surveillmce is far
from new is pointed out by the author
as he discusses such “electronic spyving”
during World Wars 1 and 11, Korea
and diing the Cold War since; guided
missiles, ferrets. and  satellites:  and
then the personal electronic warfare of
the martini olive, the wired Old Muaster,
and the wiretap.

Because mnch of the equipment Mr,
Carroll touches on is still “secret”—
especially that currently in use in in-
dustrial, militury, and  governmental
espionage—full details on how  such
devices operate is sketched rather than
“explained”. The photographs which
accompany the text are of military air-
craft of various vintages and wilitary
cquipment of the World War [ variety,
but do not inclnde present-day bugging
devices of anv type.

kel & *
“ABC'S OF CAPACITORS by Willium
. Nullin. Published by Howard W,
Sams & Co., Inc., Indianapolis, Ind.
92 puages. Price $2.25. Soft cover.

This is a practical handbook on
capacitors for those who work with
them. The author sketches in the his-
torical  beginnings of capacitors, the
various  types of capacitors and  low
they are counstructed, tvpical charac-
teristics and applications, points to
consider when selecting replacements,
and practical methods for testing and
measuring capacitors.

The text is written in an informal
stvle and at a basic level. Even those
with only an elementary idea of what

www americanradiohietorv com
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a capacitor does in a ecircuit will find
this book understandable.
k] & %

""MOST-OFTEN-NEEDED 1966 RADIO
DIAGRAMS compiled by M. N, Beit-
man. Published by Supreme Publica-
tions, 1760 Balsam Road, Highland
Park, I, 176 pages. Price $2.50.

This is Volume R-26 in this pub-
lisher’s annual series of schematics and
servicing information. It follows the
familiar forat of previous volumes and
covers sets from fifteen manutacturers:
Admiral, Limerson. General  Electric,
Magnarox,  Matsushita,  Montgomery
Ward, Motorola, Panasonic, Philco,
RCA Vietor. Sears Roebuck, Sony, Syl-
vania, Westinghouse, and Zenith,

=3 ke &
“"AMPLIFIER HANCBOOK' edited by
Richard ¥, Shea. Published by Me-
Graw-11ill Book Company, New York,
N.Y. 176 pages. Price $37.50.

This massive volume is a veritable
treasure chest of design information on
all types of amplifiers from conventional
clectron tube and transistor types to
the more esoteric varieties, such as ionic
and acoustic-wave amplifiers.

Since this is a handbook rather than
a texthook. the cmphasis is on practical
applications  for the engineer. Only
enough theory is included to explain
basic practice and mathematical deriv-
ations wre held to a minimum. The
handbook is expected to be an author-
itative reflerence work for the practicing
engineer. scientist. technician, and stu-
dent: hence, there is a profusion of cir-
cuit diagrams, reference materials, ta-
bles. specifications, and  similar  data
compiled from a good many sources to
simplify the task of locating the infor-
mution needed.

The landbook is divided into three
major sections. These deal with ampli-
fier {undamentals, amplifying devices,
and amplifier circuits. Among the vari-
ous tvpes ol devices described along
with the usual tubes and transistors,
there are magnetic devices, ceramic
filters, ionic devices, unusual semicon-
ductors other than transistors, and in-
duced-emission  devices (masers and
lasers). The section on circuits covers
practically every form of amplifier from
d.c. through hi-fi to microwave, from
microwatts to megawatts, using all the
types of devices discussed. A
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NEW APPROACH TO BREADBOARDING

By REX F. HARRIS / University of San francisco

HE equipment to be described was developed to

enable upper division electronics-physics students to
complete more experiments in a one-vear laboratory
course than had been possible with the conventional bread-
board construction.
The types of experiments to be performed and a report

written by the students include: tube and semiconductor

characteristics: frequency and phase-shift data for tube and
transistor amplifiers of various basic types: and oscillators.
including multivibrators. Al instruments to be used are
portable, including precision fixed and variable resistors.

To assemble and wire a conventional breadboard-type ex-
perimental set-up may take one or more three-hour labora-
tory sessions. If one of the commercially available boards
is considered, then the expense of providing equipment for
a class of. sav, 24 students becomes prohibitive. The less
expensive tvpe of perforated board using solderless connec-
tors usually results in circuits so flimsy that the numerous
readings to be taken are difficult to obtain.

The equipment to be described, which is used with con-
ventional circuit components and portable instruments, con-
sists of: (a) an 87 x 107 x 2%” ahminunm chassis with 20

L2

octal sockets mounted on it; (h) several plug-in units of

two four-terminal strips mounted back to back vertically,
supported by and wired to an octal plug; and (¢) assorted
lengths of patchcord wires.

The top view of the chassis looks like 20 equally spaced
octal sockets, but the top row features white sockets (see
Fig 1, inset). These “white” sockets are for the plug-in mod-
ules and are wired clockwise, pin 1, 2, 3, etc., as viewed
from the bottom. Each vertical row of three sockets is
wired as parallel jacks, pins 1, 2, 3, etc., counterclockwise
as viewed from the bottom. Thus, on the top of the panel,
there are three parallel connections for each pin of the
“white” socket or of the module terminal. The top view of
these jacks agrees with the base diagram of the tubes or
modules plugged in, i.c., 1, 2, 3, clockwise.

The two four-terminal barrier strips are mounted on a
stightly flattened Y%-inch wooden dowel which has been

TOUCH PLATES

turned to size, inserted in and glued to the hollowed keved
protrusion of the octal plug. Short lengths of wire are first
soldered to the eight pins of the plug and later connected
to the cight terminals of the terminal strips. The bases of
metal tubes, with all eight pins, are better than plugs be-
canse the hollow center hole is larger and the over-all
length of the unit can be shorter since the thickness of the
tube base is less.

Patcheords can be casily made by using flexible (strand-
ed) insulated wires soldered to reclaimed tube-base pins.
Heat-shrinkable plastic tubing may be used to dress up the
ends and the soldered junction. Patchcord wires from some
business machines are neater and fit the jacks (sockets).

Applications

The student starts with the simplified schematic diagram
on which he labels each wiring junction with a letter from
the module unit and a number for the pin number of that

Fig. 1 (Inset) The five white sockets accept the modules, while
vertical rows of black sockets are wired as parallel jacks.
{Above) Short test leads are used to interconnect the circuit.
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each module. Each /X'’ indicates a broken lead.
Letters are sockets and numbers are pins of that
socket. When connected properly, circuit works.

ELECTRONICS WORLD
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unit. Up to eight junctions, for exam-
ple A-1 to A-8, mav be assigned to
module “A.” A cross is made on the
wire on the dividing point between
module “A” and module “B” to indicate
where the intermodule connections are
to be made on the chassis.

The next step is to wire the module
with the components specified at the
points labeled previously. When all the
modules required for the cirenit have
been wired, their intercotmections are

made on the chassis and the units
plugged in (see Fig. 1 top). Each

module may be plugged in separately
and tested if desired.

A construction example is shown in
Fig 2. This cirenit is the “Capacitance
Touch-Plate Lighting Switch” which ap-
peared in the Angust 1965 issue of this
mnagazine, with the addition of a zener
diode (across C8) which makes it
possible to test each module sceparate-
lv. This circuit was chosen to illustrate
the use of the cquipment because it
required the use of four terminal-strip
modules and one plug-in relay.

The advantages to be gained by ns-
ing this equipment are many and o
attempt will be made to discuss them
in the order of their importance.

The cost is less than $15.00 per
student, exclusive of the cost of con-
struction which may be done by reg-
ularly emploved  storeroom  personnel.

The compact arrangement of the
plug-in terminal strips allows all com-
ponent leads to “reach” any two ter-
minals so that no extra wire or wiring
is reqquired.

All points in the circuit are available
for measuring or checking, are pre-
identified on the circuit diagrion, and
may be quickly found on the chassis.

Exposed or live wires uppear only
on the plug-in units, so measurements
may be made at insulated jucks with
comparative safety to students  and
cquipnment.

Any circuit is built up by connecting
components such as resistors, capaci-
tors, meters, and transformers to a
plug-in terminal strip, thus forming a
circuit module with up to cight termi-
nals.  Some modules may he left in-
tact il they are to be used in other
experiments.

Building the circuit by plug-in mod-
ules allows the student to test in-cir-
cuit performance as cach  additional
unit is connected.

The shorter time required to set up a
circuit allows the student to perform
more assigned experiments and encour-
ages him to experiment with circuits
of his own choosing.

This svstem was  designed to do
certain specific experiments and is not
intended to be used for high-frequency
circuits or any circuits where capaci-
tance of the underchassis or patcheord
wiring will have considerable ellect. A
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We believe stereo headphones
shouldn't make you look like a

radioman on a tramp steamet.

» ‘g&

i

Are you with us?

After all, your name isn't
Sparks. Start listening beau-
tifully with Clevite Stereo
Headphones. It’s pure stereo.
True reproduction from the
lows to the highs. Foamy, re-
movable cushions adjust to
fit any head, glasses or not. In
Driftwood Grey with 5 year
warranty, under $25. For
name of nearest dealer, write

Clevite Corp.. Piezoelectric
Div., Bedford, Ohio 44014,

Clevite Stereo Headphones
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INDUSTRY WANTED
RELOCATE IN LAKE COUNTY

YOU WORK BETTER FLORIDA
WHERE
YOU LIVE BETTER

1400 Lakes
Good Schools
Friendly People
Modern Highways

Excellent Transportation
Realistic Property Values
Progress Without Pressure

MAIL THIS COUPON TODAY

S S N

Clermont

810 BURLEIGH BLVD., TAVARES, FLORIDA
I Send Full Information on LAKE COUNTY, FLORIDA
Check Interest:

Groveland

1
Ir_THE LAKE COUNTY DEVELOPMENT COMMISSION I

| INDUSTRY [ COMMERCE [
TOURISM [ RETIREMENT [
Name
Address R
City State_ | - % f
— — oy
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Enjoy the ‘‘music-only” programs
now available on the FM broadcast
band from coast to coast.

e NO COMMERCIALS *
e NO INTERRUPTIONS e

It's easy! Just plug Music Associated’s Sub
Carrier Detector into multiplex jack of your
FM tuner or easily wire into discriminator.
Tune through your FM dial and hear programs
of continuous, commercial-free music you are
now missing. The Detector, self-powered and
with electronic mute for quieting between
selections, permits reception of popular back:
ground music programs no longer sent by wire
but transmitted as hidden programs on the
FM broadcast band from coast to coast. Use
with any FM tuner. Size: 5¥2" x 6”. Shipping
weight approx. 7 Ibs.

KIT $4950

{with pre-tuned coils, no alignmen! necessaty)

wirep $7 500
COVER $4.95 EXTRA

Current List of FM Broadcast Stations with SCA
authorization . . gt $1.00

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, New Jersey
Phone: {201)-744.3387

"~ WORLDS
, FINEST

e W B me W ol Uy e oy

ERSIN \

MULTICORE

ONLY égc

. BUY IT AT RADIO-TV PARTS STORES

‘MULTICORE SALES CORP. WESTBURY, N.Y. 11590
CIRCLE NO. 100 ON READER SERVICE CARD

N his informative article, “Frequency

and Frequency Measurement” (Oc-
tober, 1966), Marvin J. Willrodt treats
many of the salient aspects involved
in the various degrees of frequency
determination.  While  most  persons
| regularly employing  electronic  count-
ers are probably aware of the possible
one-count error that is inherent in the
gating technique, the helpful discus-
sion of the noise, or “glitch™-derived
inaccuracies, may not be as familiar
to them.

In u previous article (Aug. 1963, p.
46). the author described a technique
of frequency measurement not using a
counter, but which allowed high ac-
curacies (“within a few hundredths of
a cvele™) to be obtained. In that ar-
ticle it was stated that the method
“takes up where the counter leaves
off.” By this it was meant that not
only is there no gating error involved,
but we wre actually slicing individual
cveles up with nice precision.  The
article was intended for those indi-
viduals having no counter or those who.
having one, might require greater ac-
curacices,

The mention of the noise-caused
inaccuracies is certainly a point of im-
F()rt;mce to the user of the counter. It
s served, in this case, to engender
additional comments  that  will  help
such users obtain a greater versatility
from their counters, with some im-
portunt side advantages.

The technique of using a free-run-
ning (i.c., not triggered) oscilloscope
fin  conjunction  with the electronic
‘(-()nntcr has amply proven its worth to
the author. In the diagram, the scope,
which may be a relatively inexpensive
one, is connected so that the sawtooth
output (attenuated, if necessary) is
fed into the electronic counter. (Some
scopes have a sawtooth terminal fur-
nished, otherwise it will bhe necessary
to pick off the horizontal sweep to ob-
tain it,)

In this connection the counter never
“sees” anyvthing except the oscilloscope
suwtooth. This waveform is clean, i.c.,
relatively noise-free. Signals to be an-
alyzed, or frequencies to be measured,
are introduced conventionally into the
oscilloscope  Y-input  (vertical input).
From then on, it is merelv a matter of
obtaining a single cvele of the fre-

13 requency Measurements
With the Electromec Counter

By A. W. EDWARDS/ Colorado Instruments, Inc.

play, adjusting it to be stationary, and
then reading the counter. Since the
input frequency under this condition
and the sawtooth have a 1:1 ratio,
the counter reading is the displayed
trequency.

This technique does nothing to the
+1 count ambiguity. However, it does
furnish the counter with a clean, uni-
form level of counting voltage. The
obvious additional benefits, in  addi-
tion to the immunity from noise and
harmonic content of the input (which
is fully isolated from the counter by
the scope) are:

1. Weak or strong signals may be
displayed and measured, some which
are too weak or too strong to insert into
the counter.

2. The high impedance of the scope
will not disturh most circuitry.

3. The input to the scope may con-
sist—as it usually did in the author’s
experience—of various discrete frequen-
cies of several forms (pulses, sinu-
soids), varying harmonic content, vary-
ing amplitudes, without disrupting the
counter. Each of the mixed input com-
ponents may, with care, be isolated
visually and their character and  fre-
quency determined.

A word of caution: It is recommend-
ed that the “Sync” control not be em-
ploved except for unusually clean sig-
nals.  Otherwise, noise glitches may
ride onto the sawtooth and be intro-
duced into the counter input. There
are occasions when, bearing in mind
this possibility, it is more important to
have the signal “locked” on the CRT
face. With the above caveat, sync may

be used.  Mostly, however, it is not
needed.
The author used some auxiliary

helps in the particular analysis he was
muLing. These included a tone-match-
ing switching circuit which enabled
rapid synchronization of frequency com-
ponents in the audio range with the
sawtooth repetition rate, and methods
to “capture” brief bursts of signal for
analysis on a repetitive basis.  This
was done using a magnetic dise ve-
cording or, in some cases, a_tape loop.
Both of these techniques had provisions
for slowing down the signull, that is,
playing them back at fractional speeds
so that the unalysis of a short burst
becume practical and certain using this
technique. . A

COUNTER INPUT

84

www americanradiohietorv com

quency of interest as the CRT dis-

How scope is

hooked up to

feed the saw- T

tooth output L VERT,

. OF o

into counter. INTEREST | C™PUT
SAWTOOTHO—
SCOPE

ELECTRONIC COUNTER
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CHOOSE FROM THE WORLD'S LARGEST
SELECTION IN ELECTRONICS ... AND SAVE!

Buy from the world's largest electronics supplier.
Use the Allied Credit Fund Plan to enjoy what you
want NOW —no money down, 24 months to pay.
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® Amateur Gear ® intercoms & P.A. ® Automative Electronics
¢ Test Instruments ® TV Antennas & Tukes ® PowerTools ® Parts
® Hardware ® Tubes ® Transistors ® Batteries ® Boaks
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514 pages! See everything

new in electronics ... featured
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Nga//for the ham operator . ..

Knight-Kit® Deluxe Stereo FM-AM Tuner.
Easy-to-build solid-state design.

Knight-Kit® 6-Meter Amateur Transceiver
with universal solid-state power supply.
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KNIGHT® 2-Way Radio. Compact solid-
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Ampex 6200 HYR Home Videotape Re- wh?tce T?/n. i
corder. Make videotapes at home! FM, too!
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NEW PRODUCTS
& LITERATURE

COMPONENTS e TOOLS e TEST EQUIPMENT e HI-FI ® AUDIO ® CB ® HAM ® COMMUNICATIONS

TRUE R.M.S. VOLTMETER
A new solid-state true r.m.s. voltmeter has just
been introduced as the Model 323. Two versions
of the instrument are available: with built-in re-
chargeable batteries for battery or line operation

(Model 323) or for line operation only (Model
323-01). Voltage range is 300 xV to 330 V with
a scnsitivity of 70 uV for null measurements.
Frequency range is 10 Hz to 20 MHz. The in-
strument has an accuracy of 2% of indication at
mid-band. Five-inch log voltage scales provide
high uniform accuracy and resolution over their
entire length. A 10-dB scale is also provided. The
d.c. output for a recorder is 1 volt for cach decibel
range.

The size of the voltmeter is V2-rack module.
Power requirement for the Model 323 is built-in
batteries or 115/230 V, 50 to 420 Hz; and for the
Model 323-01 it is 115/230 V, 50 to 420 Hz,
only. Ballantine
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PORTABLE DRAFTING MACHINE

A new all-anodized aluminum portable draft-
ing machine designed to be used for drafting,
drawing, designing, sketching, layouts, and sche-
matics, is now available as the #117.

With a 360-degrec protractor, the 4” x 6” one-
piece aluminum interchangeable scale is calibrated
in sixteenths, eighths, quarters, or in 10/50th en-
gincering-metric. This is mounted on an 11" x
17" drawing board which has a total weight of
only two pounds.

The instrument can be removed from the board
and attached to a pad of paper or folded like a
jackknife for storing in a desk or briefcase. A
special flat adjustable clamping device permits the
instrument to be attached to a 14” drawing board
or pad of paper without the use of screws, nuts,
or bolts. A larger model, with 1 6” x 9”7 scale
mounted on a 16” x 217 board, is also available.
Draftette
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TEST OSCILLATOR

Frequency-response measurements may be
made with 0.25% resolution over the range of 10
Hz to 10 MHz with the new Model 652A test
oscillator. Equipped with a times 20 expanded-
scale output meter for maximum output voltage
resolution, the Model 652A may be adjusted to
exactly match the amplitude of a precision refer-
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ence signal. The output monitor, over the whole
frequency range, will show actual output to the
attenvator with =+ 0.25% accuracy. For fast
rcading, the uppermost scale is the expanded
range, centered on zero, calibrated + 2%.
Designed to meet the problem of making ac-
curate  wide-band measurements rapidly, the
Model 652A is especially useful in testing a.c.
voltmeters, TV amplifiers, audio amplificrs, filter
networks, tuned circuits, and telephone and tele-
graph carrier equipment. Hewlett-Packard
Circle No. 127 on Reader Service Card

UNDERWATER LOCATOR

A popularly priced underwater metal detector
designed especially for skin-divers has just been
introduced as the “Nemo.” Although pressurized
for underwater use, the new instrument can be
used on land and is especially practical for in-
vestigating tight places such as shafts, tunnels,
crevices, and crawl spaces. Radiac
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IC ““BREADBOARD’’

A “do-it-yourself” integrated circuit for com-
panies which have electronics know-how but
don’t have costly in-plant microcircuit facilities
has been introduced as the “Insta-Circuit Mono-
lithic Silicon Breadboard.”

Unlike most integrated circuits, the do-it-your-
self unit leaves the last step in the manufacturing
process for the customer to perform. With a
minimum amount of equipment, the active areas
of the tiny unit can be linked in various circuit
combinations to suit special nceds. The only
equipment required is a wire bonding machine
equipped with a microscope to make possible con-
nection of hair-thin gold bonds between various
arcas of the tiny silicon chip.

The “breadboard” contains eight transistors,
44 resistors, and five diodes. Westinghouse
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PUSH-BUTTON SWITCHES
A new series of push-buttons, “Multi-Lite
Scries 4097, has recently been added to the com-
pany’s line. The new units arc designed to couple

two stations of a Series 36000, 37000, or 38000
multi-switch frame. By coupling two stations,
the new buttons increase multiple switching ca-
pabilities without adding to the over-all height of
the switch stack. A single “Multi-Litc” push-but-
ton will actuate up to 12-pole d.t. circuitry on a
standard switch frame.

Through the use of a wide varicty of available
display screen styles, color filters, split face inserts,
and light dividers, the Serics 409 push-button can
be adapted to provide a number of displays. En-
gineering Bulletin No. E-338 provides complete
specifications and will be supplied on request.
Switchcraft
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U.H.F. DISTRIBUTION AMP
A fully solid-statc u.h.f. amplifier with flat
gain across the entire u.h.f. band has been intro-
duced as the “Gibraltar” Modcl 5330. The unit
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covered in this section is available
from the manufacturers. Each item
is identified by a code number. To
obtain further details, fill in cou-
pon on the Reader Service Card.

can he used as a broadband amplifier, producing
sufficient output to enable it to be used with the
companion Model 3440 v.h.f. amplifier for all-
channel store systems, apartments, and schools.
The unit can be cascaded both at the head end
and for line reamplification when required.
Gain is 21 dB minimum; output per channel is
+50 dBmV one channel; +43 dBmV two chan-
nels; and 435 dBmV five channels; impedance
is 75 ohms. Jerrold
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LOW-COST PLASTIC FET'S

A new series of field-cffect transistors priced at
levels suitable for consumer and industrial appli-
cations is now available as types MPF103, 104,
and 105.

The three “n”-channel FET’s are designed for
general-purpose audio and switching applications.
Of rugged, one-piece pressure molded plastic, the
new FET’s have typical forward transfer admit-
tance of 3000, 4000, and 4500 pmbhos, respective-
ly. Detailed technical specs are available on re-
qucest. Motorola
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AEROSOL FREEZING AGENT

The time-consuming task of locating intermit-
tents in electronic circuits can be shortened by the
use of a new aerosol freezing agent, “Component
Freeze.” Sprayed on a suspected resistor, capaci-
tor, or other circuit element, it reduces the surface
temperature of the component to —50° F in
seconds for a “go/no-go” test. Another applica-
tion for the new acrosol is the prevention of heat
transfer during soldering or welding. A remov-
able extension nozzle confines the spray to a very
small area which is advantageous for both testing
and soldering operations.

The product is non-toxic and non-fammable.
Miller-Stephenson
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HEAVY-DUTY CCTV CAMERA

A low-cost television camera which is equipped
with a newly developed high-sensitivity vidicon
tube is now available as the Model MTC-15. Ac-
cording to the company, the new camera offers
high-resolution picture quality, low power con-
sumption, long vidicon life, simultaneous r.f. and
video output, all-solid-state electronics, and auto-
matic adjustment to changing light conditions.

The new camera is designed for continuous-
duty applications, such as industrial, commercial,
and institutional surveillance, for closed-circuit
educational TV, or for use with video tape re-
corders.

The Model MTC-15 measures 3” x 5" x 9%, ”
and weighs 6 pounds. It connects to the antenna
terminals of any standard TV receiver or video
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monitor. 1t comes equipped with a fast f:1.8 lens
but can be used with a zoom lens or any of several
other available lenses.

Picture resolution is 550 lines, video bandwidth
is 6 MHz, r.f. carrier frequency is 76-88 MHz
(tunable to channels 5 and 6), and the scanning
system is random interlace. Complete specifica-
tions are available on request. Concord
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AIR VARIABLE CAPACITORS

The firm’s new Type W air variable capacitors
extend the advantages of machined plate con-
struction to provide maximum capacity values of
up to 54 pF. Rotors and stators are precision ma-
chined from one piece of solid brass to provide ex-
ceptional electrical and mechanical stability, ac-
cording to the company. “Q” is greater than
1500 at 1 MHz, temperature cocfhicient is in-
herently low, while voltage breakdown rating is
650 V d.c.

The new capacitors require less than 0.6 square
inch of mounting area. The printed-circuit type
mounts by terminals in two 0.200” x 0.030” slots
on 0.800” centers. The chassis mounting versions
use =3 machine screws or #2” rivets in 0.110”
diameter holes on 0.470” centers. E.F. Johnson
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SOLDERLESS CIRCUIT BOARD
A solderless experimental circuit board that
permits the instant addition or removal of com-
ponents without damage to leads is now being
marketed as “Springboard.” Engineered for the
designer and technician, the Mode! BIS-100 in-
corporates 120 ten-turn stainless steel springs that

hold the components accurately and act as con-
nectors. All springs are electrically isolated from
each other, but several may be joined with jumper
wires as required by the circuit being constructed.

The reusable unit is of high-impact plastic.
Each board has ten threaded inserts to hold
brackets for switches, pots, jacks, transformers,
and links to form arrays. Encased on the bottom,
cach board is approximately 434" x 7V4" x ¥¢"-
A military and environmental model to meet cer-
tain MIL Specs is also available. Barry Instrument
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NEW CAPACITOR CONSTRUCTION

A new “cold-weld™ terminal construction has
been developed for miniature aluminum capaci-
tors, replacing the split riser method of attaching
the anode foil to the riser. Low crimp pressure
in the standard split riser construction can allow
clectrolyte to flow into the crevice and, with ap-
plication of voltage, form a diclectric oxide film
between foil and riser, causing high resistance or
an open circuit. The new construction eliminates
this problem.

Full information on the miniature aluminum
capacitor line using the “cold-weld” terminal con-
struction will be forwarded on request. Cornell-
Dubilier
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ULTRASONIC SOLDERING IRON

An ultrasonic soldering iron which provides
fluxless soldering has just been introduced. Using
a conventional 35-watt heating element, the iron
melts the solder which then acts as a liquid carrier
of the sound wave. This scrubs away the oxide
film on the material and a flux does not have to
be used.

In addition to the

fluxless soldering of
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aluminum, magnesium, brass, copper, silver and
other materials, the ultrasonic soldering iron will
tin quartz or glass and semi-conductor materials
including silicon. The iron uses transducers of the
piczoclectric type. Gulton
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RECHARGEABLE POWER PACK
A new, portable, rechargeable power pack for
use as a portable source of regular, standby, or
emergency power has been introduced as the

CRL-1200. 1t is a 12.volt, 8-ampere/hour re-
chargeable lead-dioxide, gelled electrolyte power
source complete with charger. 1t will power most
battery operated devices for longer operating pe-
riods at lower cost. At a 300 mA discharge rate,
the power pack costs only 2%2 cents per hour to
operate. Recharge is 7 hours for a 90% charge.
The CRL-1200 operates over a wide temperature
range with high reliability and minimal power
output reduction, according to the company.
Detailed electrical and mechanical specifications
will be forwarded on request. Centralab
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SOLID-STATE ELECTRONIC KITS

A new line of solid-state electronic kits cover-
ing a wide range of products is now available as
“Trukits." Each kit consists of all-solid-state
circuitry, pre-drilled copper-plated etched printed-
circuit boards, needed components, and compre-
hensive step-by-step instructions.

Among the kits currently available are: elec-
tronic siren, burglar and fire alarm, intercom,
audio power amplifier, metronome, tremolo, clec-
tronic light Hasher, photocell night light, power
supply, and a code oscillator. Eico.
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82-CHANNEL TV & FM ANTENNA

A new log-periodic antenna designed specifi-
cally for 82-channel color and black-and-white
TV as well as FM stereo and mono has been an-
nounced. The new series, which is available in
eight different models for varying distances from
the transmitter, features “Cap-Electronic” dipoles
which shift higher mode resonance to activate
more elements of the antenna for higher gain and
narrower beamwidths on channels 7 to 13 with-
out affecting low-band v.h.f, a dipole array u.h.f.
driver, and twin-boom construction.

A single downlead is required and the antenna
comes with a splitter so that separate lead-ins can
be run to v.h.f., u.hf., and FM terminals. JFD
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HEAVY-DUTY POWER DRILLS
Four new, industrially rated portable '4” drills,
with power ratings of 2.8 amperes and 3 amperes,
115 V a.c. and designed with new machine-gun
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grip auxiliary handles for balance and control
have becn introduced as the Models 710, 720,
721 and 730.

The Model 710 is a standard Y4” drill which
delivers a constant speed of 1800 rpm; Model 720
is a deluxe unit with a 3-amp motor which deliv-
ers a constant speed of 1800 rpm; Model 721 is a
variable speed drill (0-1800 rpm) with locking
at full speed safety release; Model 730 is a heavy-
duty unit which provides the user with a constant
drilling speed of 1500 rpm. It is rated at 3.5 am-
peres.

Each drill comes with geared Jacobs chuck
with key, locking trigger switch safety release,
and six-foot 3-wire cord and adapter. Each mea-
sures 82" x 7V4" x 2V2". Wen
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HI-FI—AUDIO PRODUCTS

COMPACT SPEAKER SYSTEM

A compact version of the company’s “Grena-
dier” speaker is now being offered as the “Cava-
lier,” a 25-inch high unit which provides a fre-
quency response of 30 to 18,000 Hz and will
handle 60 watts of program material.

The new system consists of a 10-inch high-
compliance woofer, a combination mid-range
tweeter direct radiator, and divergent lens. Nomi-
nal impedance is 8 ohms. The system features a
3-position treble control switch to adjust for indi-
vidual preferences.

This 18-inch diameter speaker system is avail-
able in a hand-rubbed satin walnut finish with
cither a walnut top (Model 4000) or with an im-
ported marble top (Model 4000M). Empire.
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ACOUSTICAL TRANSDUCER SYSTEM
A new type of speaker system which incorpo-
rates a high-power transistor amplifier, a spectral
matching unit, and an array of 22 specially de-
signed loudspeakers has been recently introduced
as the “2201” acoustical transducer system.
The “2201” features a unique spherical shape
T
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on which the 22 speakers are mounted, providing
the desired geometrical approximation of an ideal
pulsating sphere and climinating speaker system
resonances. According to the manufacturer, omni-
directional radiation at all frequencies eliminates
“off-axis” tonal unbalance in the mono mode and
when two units are used for stereo eliminates the
need for single-position listening.

The speaker is 25 inches high and has a maxi-
mum base radius of 23% inches. The cabinet is
finished in oiled walnut with the frontal covering
available in decorator fabrics. Bose
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FOUR-TRACK STEREO RECORDER
The Model RK-860 is a four-track, self-con-
tained stereo tape recorder which records and
plays back sterco and mono tapes at 7V2, 3%4 and
1% ips. It features sound-on-sound, sound-with-
sound, and direct stereo disc-to-tape copying

through its own magnetic phono inputs.
Sound facilities include two full-range 5" x 7"
speakers and a 12-watt solid-state stereo ampli-
fier. It also has two illuminated record/playback
vu meters and a 3-digit tape counter with push-
button zero reset. Controls include a 53-position
single lever motor control with pause, dual vol-
ume and tone, push-button monitor speaker
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switches, and two safety interlocking record but-
tons. The machine will handle up to 7” reels and
may be played horizontally or vertically.

Frequency responsc is 30-22,000 Hz +3 dB at
7Y2 ips; wow & futter are less than 0.15% at
7Y% ips; signal-to-noise ratio is 53 dB or better.
The recorder measures 1534” x 14”7 x 75" and
weighs 26Y2 pounds. Lafayette
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ULTRA-COMPACT SPEAKER SYSTEMS

Two new full-range, ultra-compact hi-f speak-
er systems have been introduced as the X-40 and
X-45. Cabincts for both systems measurc 19%5"
wide x 10%2" high x 9%4" deep, making them
suitable for bookshelf use.

Frequency response of the X-40 is from 30 to
16,000 Hz while the X-45 covers 30 to 18,000
Hz. Both feature completely closed acoustic
chambers with liberal use of absorption material.
Both have long-travel, low-resonance 87 “Flex-
air” woofers. The X-40 uses a 3” direct-radiator
tweeter while the X-45 uses a compression driver,
horn-loaded twecter. Crossover frequency is 2000
Hz. Nominal impedance is 8 ohms and bhoth
speakers are rated at 25 watts. Jensen
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AM-FM-STEREO RECEIVER
The ER-420 receiver is an AM-FM-sterco unit
which provides esscntially flat response over the
frequency range of 20 to 20,000 Hz. In the sterco

mode, the receiver has two-channel push-pull
output with harmonic distortion of less than 1%
at full rated output.

The recciver has both low- and high-cut filters,
simultaneous tape recording jacks equipped with
a tape monitor switch, and can be operated from
cither the 110- or 220-volt line since it is voltage
switchable. There is also an earphone jack.

The recciver is housed in a brushed aluminum
and black cabinet. Pioneer
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PRE-WIRED EXTENSION SPEAKER
A soil- and abrasion-resistant extension speaker
for use in a wide range of audio applications is
now offered with the 4” x 6" speaker pre-mount-
ed and wired with I5 feet of cable. Speaker im-
pedance is 8 ohms and the speaker is designed to
handle 7 watts of program material. Since the
longest cabinet dimension is only 9% inches, the

speaker can be used almost anywhere. Utah

Circle No. 16 on Reader Service Card

BULK TAPE ERASER

A new magnetic tape eraser, TM-120, which
is especially designed for use with Ampex and
other home and professional video tape recorder
systems can also be used to erase computer, telem-
etry, industrial, and special-purpose magnetic
tapes. The eraser reduces noise levels 50 to 90 dB
below the saturation minimum.

Tape up to 1” wide is crased in one operation,
for tape up to 2”, the seconds-long procedure is
performed on each side of the recl. It will take up
to 17" reels. The TM-120 has an exclusive blower
system and a 10-minute-on, 10-minute-off duty
cycle. Its safety features include an overheat in-
dicator. Operation is from 115 V, 50 or 60 Hz
a.c. Robins
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CARTRIDGE/PHONO COMBINATION
The Model CC-890 is an 8-track cartridge and
automatic phono combination housed in a walnut
cabinet for home use. This solid-state all-transis-
tor model has a frequency response of 20-20,000
Hz, a 20-watt amplifier, six separate controls,
auxiliary input jacks for a stereo tuner, stereo
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earphone output jack and switch, and four
speakers.

The cartridge tape plaver handles 8-track tapes
at 3% ips. Opcration is automatic and continuous
with optional repeat. The phonograph is a Gar-
rard 50 MKII automatic turntable with a four-
pole induction motor, cucing device, and stylus
pressure gage. It is equipped with a turnover
diamond/sapphire stylus. Capitol
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NEW RECORDING TAPE

A new Y2-mil tensilized Mylar-base recording
tape which triples playing time without affecting
quality is being marketed as the “TPT” tape. It
was developed especially for applications requir-
ing extra strength or where rough handling is
likely. The tape is stretch-resistant and may be
interspliced or programmed with standard tape
without causing differences in playback level.

It is immediately available as TP-6T in lengths
of 600 feet on a 34" reel, as TP-18T in lengths
of 1800 feet on a 5” reel, and us TP-36T in
lengths of 3600 feet on u 7" reel. Playing tinie of
the respective reels ranges from 2 to 12 hours at
178 ips and from 1 to 6 hours at 3% ips. Reeves
Soundcraft
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BROADCAST STEREQO CARTRIDGES

The new “500 Broadcast” scrics of stereo car-
tridges includes three models designed to meet
the exacting performance and durability require-
ments of the audio professional, yet at « price that
the andiophile can afford.

For heavy-duty, on-the-air use, the Model 500A
tracks from 2 to 5 grams and features a virtually
indestructible stereo cartridge with a  0.7-mil
stylus. For critical auditioning, the 500AA with a
0.5-mil conical stylus and the S00E with an ellip-
tical stylus both offer high compliance and low
mass at low tracking forces. The 500AA tracks
from ¥4 to 3 grams and the 500E from 2 to 5
grams.

Complete technical specifications will be sup-
plied on request. Stanton
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TAPE RECORDER LINE

A new line of reel-to-reel recorders has just
becn introduced featuring slim-line decorator styl-
ing, solid-state all-transistor circuitry, and an ex-
clusive “control center” design which puts all
operating controls on the front panel.

Each of the new models will record and play
at 7Y2, 3%, and 173 ips; all have vu meters and
independent volume and tone controls for each
channel as well as automatic shut-off. A button-
reset, four-digit indexing counter and instant
pause control facilitate tape editing. The recorders
also feature self-contained reel locks, self-adjust-
ing braking system, automatic tape lifters, and
automatic head demagnetization.
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Modcls in the new line include Wollensak
5800 in a walnut wood cabinet; 5740 and 5750
4-track stereo models with detachable stereo
speakers and convenient carrying handle; 5730, a
self-contained version of 5740 and 5750 with in-
ternal speakers; 5720, a fully amplified deck
model, and a 2-track mono recorder, the Modcl
5710. 3M
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THREE-WAY SPEAKER SYSTEM

The “Ultima” Model §-778 three-way speaker
system incorporates a 16" woofer with die-cast
frame to handle frequencics down t0 35 Hgz, a
multi-cellular mid-range horn, and a 2%2" super-
tweeter which extends the response to 20,000 Hz.
An LC-type crossover network is used.

The system will handle 50 watts and imped-
ancc is 8 ohms. There are level controls for mid-
range and tweeter.

The system is housed in a hardwood veneer
cabinet finished in oiled walnut, with fretwork
grille. The cabinet measures 29%5" h. x 203" w.
x 13%4” d. Olson Electronics
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NEW PHONO CARTRIDGE

The new “Super-Track V-15 Type H” phono
cartridge, which the company claims has out-
standing “trackability”, was demonstrated recent-
ly. Featuring a frequency response of 20 to 25,000
Hz and output voltage of 3.5 mV per channel at
1000 Hz, the new cartridge provides channel sep-
aration of over 25 dB at 1000 Hz and over 17 dB
from 300 to 10,000 Hz. Tracking force is % to
1Y, grams.

At ¥ gram, the cartridge tracks 400 Hz at
17.9 em/sec and 10,000 Hz at 15 cm/ sec. There

are four terminals (with loop pin jack for 3-ter-
minal connection) and the cartridge comes
equipped  witl a bi-radial elliptical diamond
stylus. Shure
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MOTORS FOR AUDIO EQUIPMENT

A new line of hysteresis-synchronous, sub-
fractional horsepower motors has been introduced
designed specifically for tape recorders, capstan
drives, turntable equipment, and sound-reproduc-
tion systems.

The new 1080 line of motors operates on 115
volts, 50 or 60 Hz. The motors are available in
4-, 6-, or 8-pole models for 1800, 1200, and 900
rpm output speeds, respectively. Dual speeds can
also be provided in combinations of 1800/1200,
1800,/900, or 1200/900 rpm. Amphenol Controls
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CB-HAM-COMMUNICATIONS

AMP/MODULATOR & TRANSMITTER

Two new solid-state modules, designed for a
wide variety of electronic and amateur communi-
cations applications are now available as the
Model AA-100 solid-state amplifier-modulator
and the Model TR-100 solid-state transmitter.

The AA-100 features a circuit with 5 transis-
tors and 1 thermistor. It comes completely as-
sembled. It has a shiclded input transformer with
two primary windings (50 ohms and high-Z)
and an output transformer with two secondary
windings (8 ohms for speakers and 500 ohms for
modulation and high-Z loads). The unit includes
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a volume control, mounted on the circuit board.
It can be powered by any 9-volt d.c. source.

The TR-100 is designed specifically for service
in the 27-MHz band and is suitable for CB appli-
cations. It has 3 transistors and uses a plug-in
crystal (not included). Frequency range is 26 to
30 MHz and the unit is factory pre-tuned to
27.075 MHz. It will load into any 50-ohm
antenna. Round Hill
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D.C. POWER SUPPLY

A new d.c. power supply designed specifically
for testing two-way radio equipment is now avail-
able as the Model 73. It features 6-12 and 24 volt
d.c. outputs at 30 and 20 amps, respectively, con-
tinuous-duty rating.

The output voltage is continuously adjustable
from 0 to 18 and 36 volts, in two ranges. Voltage
and current are easily and accurately read on

l 3-inch d’Arsonval-type panel instruments.

Input voltage is 117 volts a.c.; 50/60 Hz. Other
models are available for operation at 220 volts
a.c., 30/60 Hz. Lapp
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MOBILE CB RADIO

The all-solid-state “Cobra V” mobile CB unit
provides extended two-way communications and
features a newly developed circuit which makes
possible 100% modulation of voice information
on transmitted signals even when the user tatks
quietly or loudly into the microphone.

Other features include fve-channel coverage,
a special protective circuit for the transmitter
components, a solid-state switching device for
automatic transmit/receive operation, and a tran-
sistorized voltage hiter to improve the clarity of
message reception.

Encased in a rugged all-steel housing with a
front-panel in walnut grain finish, controls in-
clude volume, “on-off,” illuminated channel se-

| lector switch, and adjustahle squelch control. The

radio weighs less than 5 pounds and mcasures
2" x 6%" w. x 9%" long. The unit is powered
by the regular 12-volt automotive battery. When
used as a base station, it can be 120 V a.c. pow-
ered by means of an accessory power supply.
B&K
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PC MOBILE CB ANTENNA

A spiral-shaped, printed-circuit coil, water-
proofed and shock-suspended inside a wing-
shaped ornamental base are features of the new
“Mach 11I” CB mobile antenna now on the
market.

Technically known as an “invelute transduc-
er,” the new circuitry is said to be precisely uni-
form in construction and subject to virtually no
breakdown from vibration. The full quarter-
wave antenna is d.c. grounded and provides an
excellent v.s.w.r., cssentially flat at center fre-

| quency and 1.3:1 across the band.

The 32" whip portion is of stainless steel. Fine
tuning is provided by means of a base adjust-
ment. Antenna Specialists

Circle No. 26 on Reader Service Card

MANUFACTURERS’ LITERATURE

REVERBERANT ROOMS

A new 4-page illustrated  bulletin  (No.
6.302.0) on the design and use of reverberant
rooms is now available.

Consisting of a reprint of an article which
appeared originally in the April, 1966 issuc of
this magazine, the brochure outlines such ap-
plications of reverberant rooms as frequency-
response cvaluation of loudspeakers and micro-
phones, assessment of materials used in noise
abatement, subjective listening tests, and fatigue
tests. Industrial Acoustics

Circle No. 136 on Reader Service Card

STANDARD RESISTORS
A new 48-page catalogue covering the com-
pany’s cntire line of standard wirewound and
film resistors has been published.
Catalogue A is divided into three sections,
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cach of which is color-coded for easy reference
to the precision wirewound, industrial wire-
wound, and precision film resistors that are de-
scribed. In addition, the booklet lists a number
of non-standard wirewound and film resistors.
Dale

Circie No. 137 on Reader Service Card

LOW-VOLTAGE LAMPS
Information on a wide variety of miniature,
subminiature, and microminiature incandescent
lamps for low-voltage lighting applications is
supplied in a new 4-page illustrated condensed
catalogue (No. 105). Hudson
Circle No. 138 on Reader Service Card

DRY TRANSFER PRODUCTS

A new 112-page catalogue of pressure-sensi-
tive and dry transfer products for drafting,
graphic arts, and visual communication applica-
tions is now available. Color-coded product sec-
tions cover prcssurc-scnsili\'c tapes, templates, and
symbols; color tints and shading films; transfer
lettering; and accessories. Chart-Pak

Circle No. 27 on Reader Service Card

SWITCH CATALOGUE

More than 1000 switches are described and il-
tustrated in 2 new and cnlarged 72-page switch
selection guide (No. 50b). Border-indexed for
casy reference, the booklet covers limit, enclosed,
explosion-proof, proximity, basic and small basic,
and mercury switches.

The catalogue also includes a glossary of
switch terms and information on replacement
parts. Micro Switch

Circle No. 139 on Reader Service Card

ELECTRONIC KIT$S
Over 250 “Heathkit” clectronic kits are de-
scribed and illustrated in a new 108-page 1967
catalogue (No. 810/67). Featured are complete
lines of stereo/hi-fi components, amateur radio
equipment, marine gear, test and lah instruments,
and photographic aids. Many home and hobby
items arc also included, such as electronic organs,
short-wave radios, intercoms, and a garage-door
opener.
Several new kits are offered as well, including
a 12" transistor portable black-and-white TV, a
transistor guitar amplificr, and a four-speed tran-
sistor portahle phonograph. Heath
Circle No. 28 on Reader Service Card

POTENTIOMETERS

A newly revised catalogue (No. rp 962/D)
covering precision film potentiometers has been
issued. The 20-page illustrated booklet contains
information on single- and multi-turn pots, po-
tentiometer ¢lements, and special mechanical con-
figurations and electrical characteristics. Compu-
ter Instruments Corp.

Circle No. 140 on Reader Service Card

ELECTRON TUBES

information on a full line of clectron tubes is
contained in a new 28-page condensed catalogue.
Listed arc power tubes, thyratrons, entertain-
ment and audio tubes, u.h.f. special-purpose
types, indicating devices, CRT’s, voltage-reference
and regulator units, and vidicon-camera tubes.

A special 8-page insert in the booklet supplies
data on microwave tubes and components, in-
cluding pulse magnctrons, backward-wave oscil-
lators, klystrons, and traveling-wave tubes. Am-
perex

Circle No. 141 on Reader Service Card

GERMANIUM TRANSISTORS

A comprchensive germanium-transistor appli-
cation guide listing more than 130 transistor
types has been published. Arranged in chart
form, the guide keys individual transistor types
to product family, performance range, and spe-
cific circuit application. General Instrument

Circle No. 142 on Reader Service Card

LOW-COST SEMICONDUCTORS
Information on a broad line of economy plas-
tic-encapsulated scmiconductor devices for in-
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dustrial and consumer applications is offered in
a new 12-page illustrated bulletin (SC-8999).
Among the low-cost products described are sili-
con and germanium bipolar and field-¢ffect trans-
istors, unijunction and power transistors, silicon
rectificrs, as well as monolithic IC’s. Texas
Instruments
Circle No. 143 on Reader Service Card

ALKALINE BATTERIES

Technical information on “Duracell” recharge-
able alkaline batteries is contained in a new 6-
page foldout data shcet. Capable of being re-
charged up to 50 times and requiring no water or
added electrolyte, the batteries arc particularly
suited for consumer products such as portable
TV sets, phonographs, tape recorders, small cord-
less appliances, flashlights, and toys.

The data sheet discusses general properties of
the batteries, shows ten recommended voltage-
limiting charger circuits, and includes dimension-
al drawings and performance curves. Mallory

Circle No. 29 on Reader Service Card

OPERATIONAL AMPLIFIERS

Two papers on operational amplifiers which
should be of special interest to colleges and in-
stitutions involved with teaching basic analog
techniques have been made available. The first,
entitled “An Introductory Laboratory Manual of
Operational Amplifier Experiments,” contains ten
illustrative examples of op amp connections and is
intended to serve as a guide for the engineering
student performing elementary lab experiments.

The second paper is a ten-question quiz on
operational amplifier technology with a suggested
testing time of one hour (answer sheet attached).
Nexus Research Lab

Circle No. 144 on Reader Service Card

HI-FI COMPONENTS

A new 10-page illustrated catalogue (AL-
1353) covering sterco components and systems
is now available. Featured in the multi-color
booklet are full-size and bookshelf speaker sys-
tems, speaker components, cabinets, a wide range
of loudspeakers and high-frequency speakers, and
an all-silicon-transistor stereo-FM receiver. Altec
Lansing

Circle No. 30 on Reader Service Card

ROTARY SWITCHES

A full line of rotary, push-button, lever, and
slide switches available from electronic distribu-
tors is described and illustrated in a new 8-page
catalogue (No. SP-228). Featured in the booklet
is a special section on switch hardware which
cnables design engineers to assemble their own
switches for prototype work. Oak

Circle No. 145 on Reader Service Card

CERAMIC FILTERS

Five types of ceramic filters for clectronic com-
munications are illustrated and described in de-
tail in a new bulletin (No. 94025) . In addition,
the brochure outlines the major reasons why
ceramic filters are finding new opportunities to
replace LC, quartz, and mechanical filters in mili-
tary and commercial equipment. Clevite Piezo-
electric Div

Circle No. 146 on Reader Service Card

TWO-WAY RADIO

A new 18-page brochure (No. TIC-3154) on
the “Motrac” two-way radio is now available. II-
lustrated with full-color photographs and stylized
drawings, the booklet discusses features and ad-
vantages of the unit and lists a number of op-
tions. Motorola Communications Div

Circle No. 147 on Reader Service Card

RELAY CATALOGUES

Two new relay catalogues have been made
available. The first, a newly revised 22-page il-
lustrated booklet, covers an extensive line of
mercury wetted contact relays, including epoxy
and encapsulated types, polarized units, and sen-
sitive or bistable devices.

The second catalogue contains information on
applications, sclection factors, construction fea-
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You've asked for it and here it is — the NEW
Schober THEATRE ORGAN that you as-
semble yourself. For the first time in Kit form,
a real Theatre Organ with that rich, full, old
time theatre pipe organ sound. You create
the organ, then you create the music!

For years you've been able to buy organs in
kit form from Schober: The Recital (fully
AGO), the Consolette II (the best spinet
organ available today) and the Spinet (for the
most music at the lowest price). Now to join
them, we present the Schober Theatre Organ.

The Schober Theatre Organ has the same
quality features found on all Schober Organs,
and in addition . ..special voicing, curved
console design, two 61-note keyboards, 2-
octave radiating pedal clavier, 8 octaves of
tone distributed over 5 pitch registers (includ-
ing a l1-foot register!), 35 speaking organ
stops, 8 realistic percussion stops, 4 couplers,
and vibrato tablet—48 tablets in all. And all
at a truly remarkable low price . .. You save
over $1,500 (well over 50%) from comparable
theatre organs.

Easy Step-By-Step Instructions.

You'll enjoy assembling this authentic and
versatile instrument from transistor and mini-
ature components t0o. Just follow easy step-
by-step instructions written in everyday lan-
guage which anyone can understand. You'll
have an uncqualed pride when you're finished
that only can come from assembling it yourself.

And you'll have an organ you can learn to
play easily and quickly—just follow one of the
self teaching courses available from us.

The Theatre Organ price starts at $1,350,
depending on the options you select. This
price includes a beautiful “walnut console
(other woods availuble) or you can save an
additional amount by building your own from
plans available from us. Opiions available
include combination action. genuine reverber-
ation, percussion, and amplifiers and spcakers.

THE y%@é% ﬁ/lgﬂll CORPORATION

43 West 61st Street, New” York, N.Y. 10023
CIRCLE NO. 92 ON REA
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INTRODUCING THE NEW

Seholer
Steatre 0@yme

Build it yourself and
save over 50%

A COMPLETE THEATRE ORGAN!

All you do is have the fun of assemibling
it from kits and detailed, step-by-step
instructions.

Includes console, keyboards, bench, ped-
als, electronics—everything you need ex-
cept amplifier and speaker system, which
are extra—or use your own. Percussions,
combination action, and reverberation are
options.

Features fully transistorized electronics,
regulated power supplies, all printed cir-
cuit construction and gold switch contacts.

Combination Action Ten buttons select
preset combinations of stops—actually
move the stop tablets as in fine pipe organs
—to give instant total changes of tonal
cffects. You can alter the presct combina-
tions any time you like. Action is brand
new electro-pneumatic type — silent, de-
pendable.

Percussion Eight percussion stops pro-
vide exciting realism. Celesta, harpsichord,
piano, mandolin, xylophone, chrysoglott,
orchestral bells, single or reiterating, are
played just like the real thing—and sound
that way —alone or along with regular
organ stops.

Uncompromising Organ Quality
from Easy-to-Assemble Kits

Free Information. Send today for your free
copy of Schober’s 16-page full-color booklet—
plus free 77 recording—with full information
on all Schober Organs, priced from $550.
I The Schober Organ Corpy Dept. RN47 'i
| 43 west 61st St., New York, N. Y. 10023
I 00 Please send me Schober Organ Catalog and |
FREE 7-inch “sample” record.
| O Enclosed please find $2.00 for 12-inch qual- |

ity LP record of Schober Organ music. ]
I ($2.00 refunded with purchase of first kit.) |
L e e i D A
DE ERVICE R
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most versatile
nutdriver sels

Handy “Tray Bien” sets lie flat or sit up an a
bench, hang securely on a wall, pack neatly in a
tool caddy.

Lightweight, durable, molded plastic trays
feature fold-away stands, wall mounting holes,
and a snap lock arrangement that holds tools
firmly, yet permits easy removal.

Professional quality Xcelite nutdrivers have
color coded, shockproof, breakproof, plastic (UL)
handles; precision fit, case-hardened sockets.

Hangs up

Holds tools
securely

No. 127TB “Tray Bien” set — 7 solid shaft nut-
drivers (3/16” thru 3/8” hex openings)

No. 137TB “Tray Bien” set — 5 solid shaft nut-
drivers (3/16” thru 3/8” hex openings) and 2
hollow shaft nutdrivers (1/2” and 9/16” hex
openings)

No. 147TB “Tray Bien” set — 7 hollow shaft nut-
drivers (1/4” thru 1/2” hex openings)

WRITE FOR BULLETIN N666

®

XCELITE, INC., 12 Bank St., Orchard Park, N. Y. 14127
In Canada contact Charles W. Pointon, Ltd.
CIRCLE NO. 81 ON READER SERVICE CARD
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tures, and pertormance characteristics ot mercury
displacement relays. Adams & Westlake
Circle No. 148 on Reader Service Card

MINIATURE SWITCHES
Complete technical information, including per-
formance specifications and truth tables showing

“Digiswitch™ and “Miniswitch” units is con-
tained in a new S54-page thumbwheel switch
catalogue. Digitran

Circle No. 149 on Reader Service Card

ELECTRONIC COMPONENTS

A new 284-page illustrated catalogue (No.
667) covering 66 lines of mechanical equipment
and electronic components available from stock
has been published. Indexed by product and
manufacturer, the catalogue contains a guide to
MIL Specs, listings of MIL and EIA standard
resistance values, and handy reference charts of
capacitor and resistor codes.

Copies of the new publication are available
free on request from Harrison Equipment Com-
pany, Inc., 1422 San Jacinto St., Houston, Texas

77002.

RADIO & TV SERVICE DATA
A new 48-page 1966 master index to radio and
TV service manuals has been released. More than
150 manufacturers are listed alphabetically, and
under each company name, specific model and
chassis numbers (up to and including 1966) are
referenced to the appropriate service manuals.

| codes and electrical output configurations, on |

olall

The new master index is available from Su-

preme Publications, 1760 Balsam Rd., Highland
Park, HI. for 25¢.

ELECTRONICS LIBRARY

The first 12 volumes in a new series of “how
to” electronics books for the hobbyist, experi-
menter, and do-it-yourselfer are now available.
Titled the *103 Series,” the library will consist
of 103 books when it is completed.

The original volumes being offered cover such
topics as diodes, basic alternating current, how
to read circuit diagrams, transistor circuits, os-
cilloscopes, and practical radio.

Each book, individually packaged in clear plas-
tic, lists for $1.25. Copies arc available from IRC,
Inc., 414 N. 13th St., Philadelphia, Pa. 19108.

PHOTO CREDITS

Credit
.. Sony Corp.
. BSR Ltd.
..H. H. Scott, Inc.

35 . .. Heath Company
37 ... . Fisher Radio Corp.
39, 40 . James B. Lansing Sound, Inc.
42 ... Burroughs Corp.

............ 1BM Corp.
............... Clairex Corp.
... Aul Instruments, inc.
. Vari-Tech Company
.. Hewlett-Packard
... Philco Corp.

69 (top) .....
69 {(center) .
1/} cmooromreaaremeoons
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appearing on page 63
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STATEMENT OF OWNERSHIP, MANAGEMENT AND
CIRCULATION (ACT OF OCTOBER 23. 1962: SEC-
TION 4369, TITLE 39. UNITED STATES CODE).

1. Date of filing: October 1. 1966. 2. Title of
publication: Electronics World. 3. Frequency of
issue: monthly. 4. Location of known office ot pub-
lication: One Park Avenue. New York. New York
10016. 5. Location of the headguarters or general
business oilices of the publishers: One Fark Avenue.
New York., New York 10016.

6. Names and addresses of publisher. editor. and
managing editor: Publisher, Phillip T. Heffernan, One
Park Avenue. New York, New York 10016; Editor.
William Stocklin. One Park Avenue, New York, New
York 10016: Managing Editor: None.

7. Owner: Ziff-Davis Publishing Company. One
Park Avenue, New York, New York 10016; William
B. Ziff. One Park Avenue. New York, New York
10016; Priscilla Stafford, One Park Avenue, New
York. New York 10016,

8. Known bondholders, mortgagees, and other
security holders owning or holding 1 percent or
more of total amount of bonds. mortgages or other
securities: None.

9. Paragraphs 7 and 8 include, in cases where
the stockholder or security holder appears upon the
books of the company as trustee or in any other
fiduciary relation. the name of the person or cor-
poration for whom such trustee is acting, also the
statements in the two paragraphs show the afliant’s
full knowledge and belief as to the circumstances
and conditions under which stockholders and secu-
rity holders who do not appear upon the books of
the company as trustees. hold stock and securities
in a capacity other than that of a bona fide owner.
Names and addresses of individuals who are stock-
holders of a corporation which itself is a stockholder
or holder of bonds, mortgages or other securities of
the publishing corporation have been included in
paragraphs 7 and 8 when the interests of such in-
dividuals are equivalent to 1 percent or more of the
total amount of the stock or securities of the pub-
lishing corporation.

10. This item must be completed for all publica-
tions except those which do not carry advertising
other than the publisher’'s own and which are named
in sections 132.231, 132.232, and 132.233, Postal
Manual (Sections 4355a, 4355b. and 4356 of Title
39, United States Code)

Average No.
Copies Each Single Issue
Issue During Nearest to

Preceding  Filing Date
12 months
A. Total no. copies
printed
(net press run) 248,058 240,805
B. Paid circulation
1. Sales through
dealers and
carriers. street
vendors and
counter sales 46.284 41,500
2. Mail subscriptions 143,390 142,000
C. Total paid circulation 189,674 183,500
D. Free distribution
(including samples}
by mail, carrier
or other means 2,278 2,109
E. Total distribution
{Sum of C =nd D) 191,952 185,609
F. Office use, «2v-dver,
unaccoun:ed, spciled
after princing 56,106 55,196
G. Total (Sumof E & F
—should equal
net press run
shown in A) 248,058 240,805

I certify that the statements made by me above
are correct and complete.

PHILIP SINE, Treasurer

World Famed BREVETTATA

TEAR GAS PISTOL

Appearance of
this fine tear
gas weap-
on is simi-
lar to real gun.
It is ideal for
people who
woark in lanely,
dark locations and require C m
protection. Men give this
gun to wives and daughters
for night security. Many in-
dustrial apptications. Shoot-
ing of gun stops aggressor without perma-
nently injuring him. Neither permit nor li-
cense is needed, but it is not sold to minoars.
It fires six cartridges without reloading. Each
gun comes with six tear gas shells and six
blanks for practice and is shipped prepaid.
Gun unit prices include, 12 shells and all
shipping costs.
[J 1 Gun-unit at
B 2 Gun-units at $22.86.

3 Gun-units at $29.94.
] 4 Gua-units ot $35.16. ...{$ 8.79 ea.)
Extra boxes of ten tear gas shells at $1.5¢ per box
(prepaid with gun orders). Extra boxes of blanks at
§1.25 per box.

UNITED SAFETY SUPPLY CO.

Phone 816 310 W. 9th St. Dept. EW
221-3562 Kansas City, Missouri 64105
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ELECTRONICS

- MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (including name and address). Minimum order
$7.00. Payment must accompany copy except when ads are placed by accredited advertising agencies. Frequency discount: 5% for 6 months; 10%

for 12 months pald in advance.

READER RATE: For individuals with a personal item to buy or sell. 40¢ per word (including name and address). No Minimum! Payment must accom-

pany copy.

GENERAL INFORMATION: First word in all ads set in bold caps at no extra charge. Additional words may be set in bold caps at 10¢ extra per word.
All copy subject to publisher's approval. Closing Date: lst of the 2nd preceding month (for example, March issue closes January 1st). Send order
and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016

ELECTRONICS ENGINEERING
AND INSTRUCTION

FCC LICENSE in six weeks. First class radio
telephone. Results guaranteed. Elkins Radio
School, 2603C, Inwood, Dallas, Texas.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation. Start February, September. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana.

REl First Class Radio Telephone License in (5)
weeks Guaranteed. Tuition $295.00. Job place-
ment free. Radio Engineering Institute, 1336
Main Street, Sarasota, Fla.

LEARN ELECTRONIC ORGAN SERVICING at
home. All Makes including transistors. Experi-
mental kit—troubleshooting. Accredited NHSC.
Free Booklet. NILES BRYANT SCHOOL, 3631
Stockton, Dept. A, Sacramento 20, Calif.

HIGHLY—effective home study review for FCC
commercial phone exams. Free literature!
COOK’S SCHOOL OF ELECTRONICS, P.O. Box
10634, Jackson, Miss. 39209.

CORRESPONDENCE COURSES—B.Sc.. Engineer-
ing, Electronics. Catalog $1. Canadian Institute
of Science & Technology. 263G Adelaide St. W.,
Toronto.

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N. Western
Ave., Hollywood, Calif. 90027.

FOR SALE

JUST starting in TV service? Write for free 32
page catalog of service order books, invoices,
job tickets, phone message books, statements
and file systems. Oelrich Publications, 6556 W.
Higgins Rd. Chicago, Ill. 60656.

GOVERNMENT Surpius Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 09108.
TRANSISTORIZED Products Importers catalog.
$1.00. Intercontinental. CPO 1717, Tokyo, Japan.

“TAB' * SILICON ONE-AMP DIODES

Factory Tested Guaranteed

Piv/Rms Piv/Rms Piv /Rms Piv/Rms
50‘35 100,70 200/140 300/210
oA S i 0 | iz _
400{280 600/420 800/560 l 900/630

__~4 .21 .30 .40
1000/700 1100/770 1700/1000 | 2400/1680
.30 -70 1.20 .00

®All tests AC & DC & FWD & LOAD!

| 1300 Piv/1200 Rms @ 750 Ma $1.20 . 10 for $10
LZJIM Mv/1680 Ry @ 750 Ma $2 ., 6 tor Slll

SILICON POWER DIODES—-STUDS & P.F.*e

D.C. 50 Piv 100 Piv 200 Piv 300 Piv
AMPS 35 Rms 70 Rms 140 Ams | 210 Rms
.10 .15 .22 .33
12 .29 .50 .75 .90
®*18 .20 .30 4TS 1.00
45 .8 1.20 1.40 1.90
160 1.60 2.90 3.50 4.60
240 3,75 4.75 7.7s 10.45
D.C. 400 Piv €00 Plv 700 Piv 900 Piv
AMPS 280 Rms 420 Ams 490 Rms | 630 Rms
3 .40 .50 .60 | .88
12 1.20 1.50 1.75 2.50
*®18 1.50 Quary Query Query
45 2.25 2.70 3. 4.00
160 5.7% 7.%0 Quer Query
240 14.40 19.80 23.4 Query

U4 Silicon Tuhe Heplacement .$ 2 @, 6 for $ 9
aitt Silleon Tube Replacement .$ S , 2for $ 9
| 846A" Sillcon Tube Leplacement $14 @ . 2 for $25

T036 Pcki 15 Amp Transistors
INJILL 42, 277, 278, DNG0L ..$1.25 @, 10 for $10

IN2FR. 1L 178 up te R0V wp 3 @, 2for$ 5
3 Amp Transistols ........... ¢3S @. 4 tor $ 1.00
TERMS: Money Back Guarantee
$TAB'  our 220a vear. $2 Min.

Add Shipping Charges
111 WP LIBERTY ST.. N. Y. 6, N,Y

Send 25¢ Phone: RFetor 26215 “for Calalog

January, 1967

INVESTIGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
7TH AVE., MIAMI, FLA. 33168.

CANADIANS —Giant Surplus Bargain Packed
Catalogs. Electronics, Hi-Fi, Shortwave, Ama-
teur, Citizens Radio. Rush $1.00 (Refunded).

ETCO. Dept. Z, Box 741, Montreal, Canada.

TRANSISTORS —Miniature Electronic Parts.
Send for Free Catalog. Electronic Control De-
sign Company, P.O. Box 1432M, Plainfield, N.J.
CANADIANS, transistors, all semiconductors
and components. Free catalogue contains ref-
erence data on 300 transistor types. J.&J. Elec-
tronics (Dept. EW), P.O. Box 1437 Winnipeg,
Manitoba, Canada.

METERS—Surplus, new, used, panel and port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

MESHNA’S TRANSISTORIZED CONVERTER KIT
$5.00. Two models—converts car radio to re:
ceive 3050 mc or 100-200 mc (one mc tuning).
Meshna, North Reading, Mass. 01864.

R.F. CONVERTERS World's largest selection.
Also CCTV cameras, etc. Lowest factory prices.
Catalog 10¢. vanguard, 196.23 Jamaica Ave..
Hollis, N.Y. 11423.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. lllustrated
plans, $2.00. Relco-A22, Box 10563, Houston
18, Texas.

FREE ELECTRONICS (new and surplus) parts
catalog. We repair multimeters. Bigelow Elec-
tronics, Bluffton, Ohio 45817.

SURVEILLANCE EQUIPMENT—NEW HIGH PER-
FORMANCE SUBMINIATURE MODELS. ELEC-
TRONIC COUNTERMEASURE DEVICES TO PRO-
TECT PRIVACY. FREE DATA: SECURITY ELEC-
TRONICS-EW, 15 EAST 43RD STREET, NEW
YORK, N.Y. 10017.

DETECTIVES! Free brochures! Electronic Sur-
veillance devices. SILMAR ELECTRONICS, 3476
N.W. 7th Street, Miami, Florida 33125.

CRYSTALS fargest selection in United
States at lowest prices. 48 Hr. delivery. Thou-
sands of frequencies in stock. Types include
HC6/U, HC18/U, FT.-241, FT-243. FT-171, etc.
Send 10¢ for catalog with oscillator circuits.
Refunded on first order. Jan Crystals, 2400E
Crystal Dr., Fort Myers, Fla. 33901.

McGEE RADIO COMPANY. Big 1966-1967 cat-
alog sent free. America’s best values. HiFi am-
plifiers—speakers—electronic parts. Send name,
address and zip code number to McGee Radio
Company, 1901 McGee Street, Dept. EG, Kansas
City, Missouri 64108.

ELECTRONIC Ignition Kits, Components Free
Diagrams. Anderson Engineering. Epsom, New
Hampshire 03239.

TRANSISTORS, Rectifiers, components. Free
Catalog. Electronic Components Company. Box
2902, Baton Rouge, La.

FREE Catalog: Transistors, Diodes, Parts. Solid
State. Pax, P.O. 206, Dorchester, Mass. 02124.
FREE CATALOG—Loads of Electronic Bargains.
R.W. ELECTRONICS. INC. 2244 So. Michigan
Avenue, Chicago, Illinois 60616.

SERVICE manuals, TV, Radio, $1. Technical
Services Associates, Box 1167, Berkeley, Cali-
fornia 94701

ANY Radio, T.V., Hi-Fi part obtained and mailed
anywhere! Also schematics. Send make. model
number, serial and part number to: R. Polson,
P.O. Box 62, Wakefield Station, New York, New
York 10016.

www americanradiohistorv com

NEW supersensitive transistor locators detect
buried gold, silver, coins. Kits, assembled mod-
els. $19.95 up. Free catalog. Relco-A22, Box
10563, Houston 18, Texas.

LAMPKIN 105-B, new. First $250.00. George G.
Keys. Abingdon, Virginia.

COMPLETE set. Back issues of ELECTRONICS
WORLD from 1959-1966. Ivan Nyberg, 3352
South 81 Avenue, Nebraska 68124.

ACHTUNG! Das machine is nicht fur Gerfinger-
poken und mittengraben. Is easy schnappen der
Springenwerk, blowenfusen und poppencorken
mit spitzernsparken, Ist nicht fur gerwerken by
das Dummkopfen. Das rubbernecken sight-
seeren keepen hands in das pockets. Relaxen
und watch das Blinkenlights. This attractive,
brass metal plaque only $2.00 ea. ppd. South-
west Agents, Dept. E. P.O. Box 12283, Fort
Worth, Texas 76116.

TUBES

TUBES -33¢ each. Year guarantee. Tuner Clean-
er $1.09. Free catalog. Cornell, 4213-Ww Uni-
versity, San Diego, Calif. 92105.

GET IT from GOODHEART!

PROFESSIONAL HI-FI CONOENSER MICROPHONE

Braml  nes
dwyz of I’

RI14.85 cap=ule only. but we |
Mure’s cathode-follower |
sMors, 3 capagllars
1 dp from DC to 121y
5

ke, usable beyind 25 K pf: 5 b across |
me lomel far 10 bar shiEnal st 180 v polarizlmz: wil)
work past 170 dbin: will staml 200 10¢ di
rectlonal. Slze: WILL Bt In 21 elrele 87 _thick
DA, WHILE THEY LAST., postpahl. only .5

KEEP LINE VOLTS CONSTANT AUTOMATICALLY
;utl-énzsnevpl:mllnrs. ALL AV ILOV\( SURPLUS BARGAIN

Guieut - at 13/120 v desplte  line

w9510 v and lead changes 0 to full load

T maturatime Ix it transformers hold to
1€, have 116 harmu . Em: Servo, hold
1°¢. ZERO harmon. $/ ectrofile. hold to .16
S max. hann. Sola. Sorensen. Superior Electrl:
Cv: 1KVA .50 1 A
S/IE: 500 VA, 89.50 2'; KVA 199.50
2 KVA 179.50 5 KVA (230v 1 ph)
3 KVA 279.50 350.00
10 KVA (95-130v, 1 ph, 50/60 cy) 595.00

EM: 6 KVA, $279.50 (Incl. Gen. Radio 1570AL)
EMT V(Qransis\orized) 28 KVA 230V 1 ph. 350.00

EVERYTHING UNCONDITIONALLY GUARANTEED

ALL-BAND $SB RCVR BARGAIN: Ilalllcrafters R-45/
ARR-T. 550 ke to 43 me  enatinunus. ]49 50
1.ess PWE SPI¥Y ... oo nsasnassirmrve -
KO ey pwr o splyv: 830, SSB product detector: $20

TIME PAY PLAN: Any purchase totallng 10%
$180.00 or more. down payment only. .. ©
DZ.t Suberhet revr 15-70 & 100-1500 ke. .. 89.50
R-23/ARC-5 Connnand revr 180-350 ke. ... 14.95
A.R.C. 12 =22 Commund revr 510-1600 ke. 17.95
APR-4Y AM;FM Revr mod. 1o 115 v 50/60 ey, with
pwr plug, book, tuners 38- 1000 nc. .250.00
CV-253/ALR Tuner Iwand new 38-1000 me. 250.00
APR.-4Y with 'Vv.25:1 . 425.00
P.U.R. rar tuners 2200 and 2175-4006 me.
URR-13 Recvr 222.75 404 me AL w/book .249.50
Handbook for AN URR Itevr m .. 10.00
Handbooks for AN/ARC-3 or for ART-13 . 10.00

Other Handtiooks, or Sehematics. ask for them!

RA-62-B is A pner suly for SCR-522, only 17.95
TDQ xmtr 35 W Pa A2 A2 115156 me. 95.00
TODZ xmtr 20 W I'o A2, 225- 410 mie. . +445.00
LM-13 Treq. meter. 019% ke-20 me 57.50
TS-323 UR frea. meter 20-330 me.. .001%. 169.50

SOMETHING NEW in Surplus Test Eauipment:
AU your request, will furmish dated NBS-traceable

Cenifleates ot Calibration.

Hewi-Pack = 150A 57 seope, DC 1o 10 me certified
With = 152A dual-trace plug 565.00

We liave lots more Test Equipt. Ask!

R. E. GOODHEART CO. INC.

Box 1220-A, Beverly Hills, Calif. 90213
Phones: Area 213, office 272.35707, messages 273.5342
CIRCLENO. 111 ONREADER SERVICE CARD
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] Please refer to heading on first page of this

CLASSIFIED ADVERTISING ORDER FORM

section for complete data concerning terms

AME

N
ADDRESS
C

ITY — STATE

ZiP

l frequency discounts, ciosing dates, etc. '
1 B P Ty e | 2 3 4 5

|

: 6 7 8 9 10

E 11 12 13 14 il 15

{ 16 17 18 19 20

I 21 22 23 24 25

{ 26 27 28 29 30

| 31 32 33 34

| @ .40 Reader Rate

[ ———Words ' & 70 Commercial Rate } =%
{ Insert ______ time(s) Total Enclosed $___

|

|

|

|

|

|

|

|

SIGNATURE

I WORD COUNT: Include name and address. Name of city (Des Moines) or of state (New York) counts as one

I word each. Zone or Zip Code numbers not counted. (Publ

permit.) Count each abbreviation,

1

isher reserves right to omit Zip Code if space does not

initial, single figure or group of figures or letters as a word. Symbols such
as 35mm, COD, PO, AC, etc., count as one word. Hyphenated words count as two words.

|
I
I
l
|
I
]
I
[
I
I
I
I
I
|
|
35 l
I
I
I
I
|
I
I
|
I
I
I
I
I
I

EW-167

15 Epoxy Rectifiers With Every $5.00 Purchase. Many Over 600 PiV. No Shorts or Opens.
INTEGRATED CIRCUITS ARE NOW | D ‘'N'* Channel Fet's Similar To | voltage is exceeded. Used in light
AVAILABLE . C-610 Used As Amp, Swmglb | dimmers, etc. .. ...2/%1.00
hopper—Very High Input Z $1 |
FLIP FLOPS ... .. .. .. $1.50 | gaob 'O ?aks vgmcron%, éi"" to AP.
| , AP-6, etc. 7 Hz at 150
Gates . $1.50 | [C] SIM. to 2N1640 (PNP) Bi-direc- | MW. Ea. ... . .00
Flat " ted dard | tional transistors, A to-5 silicon
_pacf case "'°"'|3 ed on standard | it in which collector & emitter | D 4" x 10" SPEAKERS. 10 ©.
carrier for easy soldering. are interchangeable. Ea. ... .. 1.5 oz Magnet. Ea. ... $2.50
They come complete with schematic,
elect. characteristic sheet & some SIM. to 2N728. A high fre- 6” x 9 SPEAKERS. 20 9.
typical applications. $9.00-$15.00 ( quency to-18 unit extending to 1.5 oz Magnet. Ea. ... $2.50
values from original manufacturer. the UHF range . = .5/%$1.00 |
N o 4" SPEAKERS. 3.2 Q.
__ silicon Power Rectitiers SIM. to 2N1648 (NPN) high 1 oz Magnet. Ea. .. . $1.25
PRV 3A | 30A [ 40A voltage 20 Watt silicon unit, |
100 .10 | .40 | .75 ‘ used in power output stages & 1 D DUAL 1 MEG. POT. with
~200 .20 .60 | 1.20 power transistor drives . .. 2/%$1.00 off-on switch .4/%$1.00
_400 .25 -80 | 2,00 ‘ |
__ 600 -3s 1.20 2.50 D GLASS DIODES color coded. D 24 V 60 Hz 6 PDT 3 open, 3
_800 -45 | _1.s0 2.75 Silicon ... ...20/$1.00 closed 15 A Contacts ... $4.00
1000 e 300U | 6E . bt ...30/%1.00
455 KHz IF XRMRS ....3/$1.00
SABInsuI Top Hat & D SIM. to 2N995 (PNP). Silicon D ? &
ase ERoXYEZSONMA in to-18 case. 500 MW powe:(i
PRV PRV | | to 180 MHz frequency . .. 4/$1.0 .
5 LA o 1 quency /% t [[] 262 KHz IF XRMRS ......3/$1.00
200/ M40 20CHEIIN 098, [[] SIM. to 2N2875 (PNP). Silicon
400 [ .60 400 -12 | 20 watts with 30 MHz cut off D DUAL 20 uF at 350 V
600 | .20 | 2/%$1.00 Electrolytics .. .. ... 3/%$1.00
800 | 1.25 800 .25 ‘
1000 | 1.40 1000 | .So | SIM. to 2N255 (PNP), 20 watts 28-101 P CERAMIC
1200NIN1=50 Tl U in to-3 case ... 4/$1.00 I:]rmwuwms ................ 6/$1.00
. 1 | .
e e petnes | ] 0,081 RS 290wt | Terms: OB Combid, ass.
[TPRY | 7a [ PRV | 7a | ; Send check or Money Order.
50 -35 I 300 | 1.35 | D SILICON BILATERAL SWITCH. Include Postage, Average Wt.
| 100 -60 l 400 | 1.75 Replaces two SCR's by firing in | per package %4 Ib. Allow for
200 =90 500 | 2.25 | | either direction when breakdown | C.0.D. Minimum Order $2.00
VAN POST OFFICE BOX 74B
Name -
93
& AN
OTA SOMERVILLE, MASS. 02143 Address
LA L
I TE
DES SEND FOR FREE CATALOG City State
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HARD-TO-GET TUBES IN STOCK

COMPARE OUR PRICES
ONE PRICE TO ALL—1 TO 100
BRAND NEW—1 YR. GUARANTEE

Type Price

Type Price | Type Price | Type Price
200/004 o gyvssAA }.‘ \vlvsfctr' .75 [ 12517 .1.50
£ . .84 [ 128Q7GT
01a ..3.0 SAX4 . . W6eGT . J Q B
oc3 .. .8 AXS (1, EXIE o 125R7
oD3 || .8 AXT (1. X5GT 12ve [:
A7 ... 2.9 84 . .5. X8a . .1, 2We o
AX2 ..1.0 B7G . 3. Y6G o 3GF7 . 2.
83 ... .9 8 k. 42. Z4/84 1. 4A4 o
H5 .. . 3.0 8AG | . . A4 2] 4AS . o
LA4 . .2.00 | 6BAS . .1. A5 | o A7 .2,
LA6 ..2.10 | 6BE6 .. . A6 . -4 AAFT 2.
LC6 ..2.00 [ 6BH6 . . A7 | 5 1486 .
LD5 . .2.25 | 6BH8 1. A8 | 95 | 1488 g
LE3 ..2.00 (6BKS .. 1.4 AL 4Ccs5 . .2.0
LH4 .27 BK7B 1. AF 4cy ..2.3
LNS 2.4 BQ6 . .1.4 AG 4E6 . .2.0
N5 .2.0 BQ7A 1. AH o 4E7 . 2.
PS | .22 BX7 .. 2. AU 5 4F7 |
1R4 .. .9 4 = B4 . .60 { 14F8
1R 1.0 CSM 2. 8 .10 | 14H7
S5 ...1.0 C6G .2, B! .90 11437 |
TS5 m,al.2 C8G . 3. 8 .95 | LANT
ug . .6 CA7 . .2. 8| .14 [ LaqQ7_.
us | .9 CGY .. .84 c4 .1l 14W7
V_....3.00 | 6CG8A .1. C5) 4x7
v2 ... .86 |6CL6 . 1. c6 . 4v4
V6 ...2.80 | 6CLSA 1. €7 .. o
A3 ..3.50|6CmM7 | . E5 ..
A B m2T C Q8 E6 . ..
A6 .. 4. CcS7 B E7 .. e
D21 [ 1. Cw4 a F7 _. .2,
HAS 1. CX8 o F8 . 0
XI20 e CZ5 o G7 . X
AN & 1. D4 o HT | 1.
AS 1. D6 5 J7 . o fla
B7 ..2. DA4 o K7 ... .
BN4 (1. ONG d U7 .- o
Bz6 . . DN7 -4 N7 ... o
cCB6 . . 0Q4 .0 Q7 ... .
DG4 . .84 0Q5 . . RT ... .
DT6 . . DQ68 . S7 ... d
395 . 2. ES ...2.4 VT .. 5
ava ... 5 6fh wr o o
4BQ7A . 1. - X6 ... oo
4BUS 1. 5 X7 . 1.
4B27 (1. . Y4 . .20
4CB6 .. . - Y 5. ..
AM; 1. . z4 ... .2.
ANS 1. . AUS | .2,
. . 8Q8 . . 553
4 . CG7 .. .
o FQ7 .. .
o - GJ7 .. .2
N ° GNS . 3
. .75 Ve . d
.34 .94 DET .20
.34 7 .15 A8 .. . 3.
N .00 AHT Na%
5 76 ..1.95 AT6 . 2
o 6G . .50 ATT . .20
.4 L6GC .50 AUG | ..
.6 M .70 AUT . N
4 N7M .00 AVE . :
L€ PS5 ... 2.50 AX4 . .
.4 Q7 . -35 AXT . 5
.34 7 ...2.50 BA6 . .
.2, 8GT .1.75 | 12BE6 g
1. ATM 1.80 [ 12BH7 . 1l
2.7 B7Y 2.48 | 128Q6 . i
. D7 ..2.80 { 128RY .1. S,
.2.00 FS ..1.55 | 12BY7 .1.10 Ja!l
.1.30 F7 ..2.50 | 12K7GT 2. 5
. .94 G7 [ .1.95 KB8M 2. ‘1.50
AGT .2.40 H7 . 8 | 12KBGT 1 ‘Z'e
AH4 (1. J7GT 0 6 .. 0
AKX .1. 6SJTM . (] L8 .. 0{76 ....1.50
ALT 20 65K7 . 1.80 Q7GV 1.32 | 77 ....2.00
AMS 1. 6SKTGT 1.95 .50
ANSA . 1.30 KIM 1.80
AQY .1.60 LIGT 1.30
AR5 .1.00 NTGT ]
ASS | .95 Q7 . .1.45
ASTG.3.95 R7T . 40
6AT6 . .74 S7 ..1.95
AT8A .1.48 8a ..1.14
6aU4 [1.15 9 ...1.6S
6AUS5 . 1.68 |BUS | 5
6AU6A. .73 | 6uBA [

OUR MINIMUM ORDER $5.00

N, J. Residents—Sales Tax 39 Postage Extra

Send for complete tube catalog of ovel
3500 additional types and special purpose tuh(-

UNITED RADIO COMPANY

56 Ferry St., Newark, N.J.
P.O. Box 1000 A12, Newark, N.J.

CIRCLE NO. 84 ON READER SERVICE CARD
BEFORE you buy receiving tubes, Transistors,
Diodes, Electronic Components and Accessories

. send for Giant Free Zalytron Current Cata-
log. featuring Standard Brand Tubes: RCA, GE,
etc.—all Brand new premium quality individ-
ually boxed. One year guarantee—all at biggest
discounts in America! We serve professional
servicemen, hobbyists, experimenters, engi-
neers, technicians. Why pay more? Zalytron
Tube Corp., 469-W Jericho Turnpike, Mineola,
N.Y. 11502,

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers, purchasing
agents, TV/HiFi servicemen and hams for 16
years. Write for catalog or call WA 5.7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

FREE Catalog. Electronic parts, tubes. Whole-
sale. Thousands of items. Unbeatable prices.
Arcturus Electronics ZD, 502-22 St., Union City,
N.J. 07087.

WANTED

QUICKSILVER. Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal. Nor-
wood, Mass.

CASH Paid! Sell your surplus electronic TUBES.
(Want UNUSED, CLEAN Radio/TV Receiving,
Transmitting, Special Purpose, Magnetrons,
Klystrons, Broadcast Types.) Want military and
commercial Lab/Test Equipment. Want com-
mercial Ham Receivers and Transmitters. For a
Fair Deal Write: BARRY ELECTRONICS, 512
Broadway, New York, N.Y. 10012 (WA 5-7000)

ELECTRONICS WORLD
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MILITARY SURPLUS EQUIPMENT NEEDED: ARC-
34, ARC-38, ARC-44, ARC-52, ARC-54, ARC-55,
ARC-66, ARC-73, ARC-84, ALSO ARN-14C, ARN-
54, ARN-59. COLLINS 51x-2, 51V-3, 561Y-3, 51R-3,
17L-4, 17L-7, 618S-1, 18S-4. BENDIX TA-21,
RA-21. APR-14, PRC-25, RT-66 THRU RT-70/GRC.
APN-22, APN-117, APN-133. TEST SETS WANT
WITH ARM, UPM, URM, RSM, SG PREFIXES.
TOP CASH DOLLAR PAID IMMEDIATELY. SLEP
ELECTRONICS CO., DRAWER 178-EW, ELLEN-
TON, FLORIDA 33532, PHONE (813) 722-1843.
ANTIQUE RADIOS. Pre-1925. Grebe, Kennedy,
Tuska, etc. Must be in good condition. Also need
tubes, parts, books and magazines. Gilfer, P.O.
Box 239, Park Ridge, N.J. 07656.

DO-IT-YOURSELF

PROFESSIONAL ELECTRONIC PROJECTS—$1.00
up. Catalog 25¢. PARKS, Box 25565, Seattle,
Wash. 98125,

TAPE & RECORDERS

BEFORE renting Stereo Tapes, try us, Postpaid
both ways—no deposit—immediate delivery.
Quality — Dependability —Service — Satisfaction—
prevail here. If you've been dissatisfied in the
past, your initial order will prove this is no idle
boast. Free Catalog. Gold Coast Tape Library,
Box 2262, Paim Village Station, Hialeah, Fla.
33012.

TAPE-MATES now offers ALL TAPES—ALL LA-
3ELS at TREMENDOUS SAVINGS plus FREE
Tape-Mates membership. For FREE brochure
write TAPE-MATES, 5727-EW W. Jefferson Blvd,,
Los Angeles 90016.

TAPE RECORDER SALE. Brand new, latest mod-
els, $10.00 above cost. Arkay Sales, 1028-B
Commonwealth Ave., Boston, Mass 02215.

HI-FI components, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cat-
alog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

HIGH FIDELITY

LOW, LOW quotes: re-

corders. Hi-Fi,

FREE! Send for money saving sterec catalog
#EIW and lowest quotations on your indi-
vidual component, tape recorder or system re-
quirements. Electronic Values Inc, 200 West
20th Street, N.Y., N.Y. 10011.

HI-FI Components, Tape Recorders at guaran-
teed ‘“We Will Not Be Undersold” prices. 15-
day money-back guarante. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (L) East 149th Street, New York 10451.

FREE—$100 Vatue “eracle Record cleaning
cloth with every quotation on HIFI EQUIPMENT.
Our “ROCK BOTTOM” prices on NAME BRAND
amplifiers—tuners—tape-recorders — speakers—
FRANCHISED—59 YEARS IN BUSINESS. Write
for this month's specials—NOW! Rabson’s 57th
St., Inc., Dept. 569, 119 W. 57th St.,, New York,
New York 10019.

all components and
Roslyn 9, Penna.

HIFI speaker system. Small,
cent. $29.95. TANG,
Ctr., Mass. 01701.

walnut. Magnifi-

Box 162A, Framingham|

KN i

a

2 SURP 8

“‘Balls of Fun'' for Kids ... Traffic Stoppers for Stores...
Terrific for Amateur Meteorologists , . .

SURPLUS GIANT WEATHER BALLOONS

At last . . . avallable again in big

8-ft. dlameter. Create a nelrhbor.
nood sensation. Great backyard
fun. Exciting  beach attraction.
Biow up with vacuum cleaners or
auto air hose. Sturdy enouwh for
: all other uses with reason-
be  punctured by
Fill

GO

able care (can

sharn  objects.) ed with he-
Itum  iavailable locally) use bal-
loons hirn in the sky i et
cvmuis advertise store sales. an-

unce falr ohentnis, etc.

teur meteoroloywists use balloons 10 measure
heights, wind speceds,  wemperviture, pressure.  humitity
at varfous helghts. Photographers can utilize for low-cost

aerial photos. Recent
neonrene ruhher.
Stock No. 60,568AK

BATTERIES GUARANTEED
RECHARGEABLEFORS YRS.

Use these remarkable space-age Nickel-
Cadmium batteries in flashlight. port-
able radios. toy or tlash guns. Obsolete
all others! Low-cost kit meludes ¢

surplus  of heavy. hlack,

pact, highly efticient batrery
and 2 D77 size Ni-Cd batteries fuarv-
.lmeul recharkeablo to tull power tor
5 vrs. Power onthut remains constant
) ~acid cells. Durahl ack
plustie charger H%” x 37 x 13”7 dp. plugs into
wall outlet. Completely charges 1 or D oor
hatreries in 16 hrs. Light shows when unit is chs

will not overcharge.
Stock No. 60.591A
Stock No. 60.592AK (Charger only)
Stoek No. $0,593AK (Two “D’’ Cells only)

..,ﬁs "5 Pnu
.48 Ppd.
...... 35 98 Pnd

Order by Stock No.
Money-Back Guarantee

~— Send Check or Monecy Order

REPAIRS AND SERVICES

RENT Stereo Tapes—over 2,500 Different—all
major tabels—free brochure. Stereo-Parti, 1616
—E. W. Terrace Way, Santa Rosa, California.
STEREO TAPES. Save up to 60% {(no member-
ship fees, postpaid anywhere USA). Free 60-
page catalog. We discount batteries, recorders,
tape accessories. Beware of slogans ‘‘not un-
dersold,” as the discount information you sup-
ply our competitor is usually reported to the
factory. SAXITONE, 1776 Columbia Rd., Weash-
ington, D. C. 20009.

)
ith” every Slo Order con" E ll
T 1

Coapiais oih
Rusity L Cord.
119120 Voita

i25

{ [No Limit) from this list.

TV Tuners Rebuilt and Aligned per manufac-‘
turers’ specification. Only $9.50. Any make
UHF or VHF. We ship COD Ninety Day written
guarantee. Ship complete with tubes or write
for free mailing kit and dealer brochure. JW
Electronics. Box 51B, Bloommgton Indiana.

RECONING COMPLETE SPEAKER RECONING|
SERVICE ANY MAKE. ANY SIZE. MIDWEST |
SPEAKER SERVICE, 715 N. SHERMAN, INDI-
ANAPOLIS IND 46201

1YR.GUAR

TUBES

ANTEED

EDMUND SCIENTIFIC CO., Barrington, N.J. 08007

it R,
o 2]

SEND FOR FREE CATALOG “AK yk

Completely  new 1967 cdition. New |

e m:dtnnv.'mle~ lll\lh(r'nlon lltS (\)\v o

to-recad pages packed with nearly 1000 I

unusual jtems,  Enormoeus  selection of ¥ 7 \HZEH_..?

Axtronomical  Telescopes,  Mlcroscopes.
Biinoculnrs. M

‘risms. Many  war  surplus ltems: for s
hnhh\ ists. experimenters. Wy kshab,
factory. Write for cataloy ‘“AK.’
NAME
ADDRESS
CITY STATE zir

M- 1Ti00 4CHON GUARANIEED:

as BARRINGTON. NEW JERSEY 08007
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I"PICTURE

‘| y TUBES B all purpose =\
e coit B ELECTRONIC

Picture Tubes LE ANER Efé'a-nle'F

Boxed, Branded and I:odo
are new, or used and so

Dated 0y I’ubeu
mark

PR e-—rerrs
e 89c e WIS
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Vigre
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6AG5 6SN7 -
49 6AQ5 6CB6 654 0Z4 6ASS 6CD6  6K6  ¢x4  12BF6 O
6AU6 6J6 6W4 183 6AT6 6CF6 €K1 6xg  128H7 QI AVY 5 R
= 10is%eony 1J3/1K3 6AT8  6CGT 60T 747  12BL6 Mgy
6AU4 654 CHEATER
1H5 6CG8 12BY7 ORDS
Prestige & Success are your: IH ::32 6CMT  6SAT 12C5 e 6? - w
as anELECTRONIC EXPER 1% INEY 14 ot chipped i 24 hes [REEH o Y
o s SN YOUR oRrDER REHY e
omoz.ng borgains ove evarloble Lé
B \ N ,53? 2:2? 25Z6 SE FILTER ) FAN sensational
¢ - sus 6BD6 6CIS 6SHT 7C5  35W4 ) o
r = () PER B sv4 68G6 6D  65)7 Ny 35Z3 o " K" VALUE
) IUBE Sv3 68J6 gDA4 65K7 Tve  50L6 aan |
= 6A6 68LT 6DES 65L7 12AD06 24 MO TANTLT!
: = loo TUBES OR MORE: 6AB 6BN4  gpQs SSNT 12AE6
::g 6BNG6  gEA7  O5Q7  12AF6
/4&«*[ 30c per ruee 6AGs 806  6Ems 38T 1ZATT SICEL N
* COMPLETE RADIO SERVICING AND ' 6AKS 6BQ7  6F6 6Us 12X7 3ar i Chis e min
F ASC LLECTRONICS COURSE ONLY 3300 uge 6ALS 6BZ6 6GH8 . e O ST
o 130+ 30 e tngong chegr CANS 6C4 6M6 12BA6 350 1os 10¢ fIh @ 10w oxt
¥ NEW PRACTICAL TV TRAINING COURSE €AQS 6C6 IS 6W4  12BD6 6463 opE
Lo Ao A o :ﬂ\e tsbc“ Y 6J6 6Wé 128E6 7044 -Je DIOD
R = r tubes at low prices. i
~..- | Both above $6 -~ NS o - ] Tt ore ] e
courses TR ¢ W o cio ; e T . L
— CLAY COATED Py 3 TURE
0 e 11.008 : gl XPANDER 2 P
RADIC . ] P TGS — mg’:’:::(m‘vll,mmm A @
: () roe '—.m—} L - e | '-z Vo TRSOLATION
L] - O PECOP - NIAL BELISTAMY
o @ Rl 07 BRI (I L z oo @)z, B "§9¢
oan anme ‘wu(wesl 29 |2.59 ) l N 4 ‘ e k . ;‘(;:.I::;;
—y= o [ACHE 349 | e o DRcONATES WO,
5 I . 5.29 E! y CAR RADIO POWER
o b beeed Lonnd s2Y S T lma 9 |7.99 . 10 Shoping 0
" postage. Send e TRANSISTORS
dd p be ¢ D. ord 0 )
. ' ’ . ' pp Drd g 00 org : d 00 o ’ 0 Q
0d D g pping d 0 a e
P D d d 0 1 8 ord n-‘ouﬂ@ INIIA
Dep A Dieg 0 ord dd appro 1o men

January, 1967

CIRCLE NO. 118 ON READER SERVICE CARD

www americanradiohietorv com

95


www.americanradiohistory.com

® NRationaily Known-World Famous SURPLUS CENTER offers
finest, most expensive. Government Surplus electronic units and
components at a fraction of their original acquisition cost.

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

LABORATORY EXPERIMENTAL KIT

PERFORM 100'S OF
FASCINATING
ELECTRICAL
EXPERIMENTS

Gov't Aquisition
Cost Of Parts

Over $50.00
F.0.B,
® (ITEM #A222) - = Amazing Value' Valosble wift tor soo or
husband. Hondeeds af Laxcinating evpedments. 1vaches madern elecs
Teomic theory wid practice, Easy, mteresting way to leamn,
® Laneriment with electanlating, electnemagnetic phenomens, res
Somtance. DUrglar slam. relas eireuits, fectificailon, st circaits,
eay Cmntor e i et phennme, ¢
® Kit Confains: (¢ motor, AL' malor. electroen s coils., e
and de relavs, set ol B capacitars, compass, test tulbs, |
I

chemieals. silieon diodes, getmaninm givde, D

. lips, wire. and other items,
Over 15 pieces Inciudes Dne Eaperiiseata Sapual ith dras ings, pros
coedures el wiitten by protessiongl eneineecs,

® Alsu Jomisted with cach kit aur lmpulu ook, Mo Laburstur
Beach and Eyperimental Proceduns. o« Heg, 0. Shows how o baild
Sondnrinl] Komre. Tabormiury. cot. nend g Seid BN, 10 ket the wost el ot
your expernnentad work, (12 ths.) Parts cost zos'Coyer 350,00,

U.S. GOV'T ELECTRONIC SURPLUS |EMPLOYMENT m;m'runmzs

ELECTRONICS TECHNICIAN. Excellent oppor-
tunity for experienced person to work in re-
search laboratory. Should be capable of trouble-
shooting electrical equipment, testing circuitry
using oscilloscope, operating basic power tools.
Many company benefits. Convenient to public
transportation. American Medical Association,
535 North Dearborn Street, Chicago, Illinois.
527-1500.

GOVERNMENT SURPLUS

JEEPS Typically From $53.90. . . Trucks From
$78.40. . . Boats, Typewriters, Airplanes, Elec-
tronics Equipment, Photographic Equipment,
used. 100,000 Bargains Direct From Govern-
ment. Complete Sales Directory and Surplus
Catalog $1.00 (Deductible First $10.00 Order).
Surplus Service, Box 820-K, Holland, Michigan
49423

RECORDS

REPLACE worn LP Jackets—White 20¢, Colors
25¢. Min Shipment 20, Samples 50¢, Records,
Hillburn P.O., New York.

AUTHORS’

SERVICES

AC PROGRAM TIMING CLOCK

® (ITEM #158 ) - - Zentth 115-VAC program
Gmer, Fse o perdic <icnsting, sork bicaks,
sehool chasses, turn o eaio for newscasts, etc.
Admstahle clips prrmit switchg On or O ans <
tinne ducing 23-hour perind. Sufhicient «lips tor
moltiply programing. Also has * Akipoa-da
teature. Contacts can hadle ub tu 15 -amns.
RS 4l 470 WL B I, Goa’ Cost owver

r.os. $9.49

AUTO-PILOT GYROSCOPE

o (ITEMHII5) -~ DO molnr driven.
shnbal nmun(cd gymsegpe, |lineesprnsive
pre N Sy

Hvine iages. 1nsTation, trom eRinblSin
plane sends patentinnweter controlled sig-

Insteuctons Furnished.

nalx ta brmg aboat change in athes motors.
can e used as auto-pilof fue ho ats,
Wonderful class room unit ta demonstrate
and studv gyeo action, Ml«uu |1Ill|4\
i

borts all use geros. Nzt 90 ¢ Ba 1
F.0.B. . AR VT A AR A

STANDARD DIAL TELEPHONE

® (ITEMH#TIS ) - - Stadard,  commereial

telephune same as wzed thiughout U .S AL Mtrac

ve pohishied blach, Hke new conditinu, 'se as Y5l
ertenston phone (o private systems ar Canacet

several phones o £ tor local inlercam sy

. Tult msimctions are faruished, Wi 9 Ihs, 5 95
Original Cost 324, .

STEP-BY-STEP AUTOMATIC SWITCH
e (ITEM#738)--

Amazing  ‘ap-and-around®’,
cléctro-magnetic telephune switeh, Dial sy bank
Pair from 1 o 100, Make your own telephone system.
Cag also be used o remately control wp to 100 cir-
cuits syer a Qlngle pur of wires.

. e ol aur FOUR STAI batzains, Comes ci-
data i

N
WL 06 s, Cast Govt Over 730 .
Complet iteh, rover,

Hal, e hu;L metctons. ... F.0.B. $9 95 w @

STEP UP/DOWN TRANSFORMER
e C(ITEMHBISA3 ) - - Step voltue up or down,

Maz many uses. Wil step Ti-volls wp (0 230
solts or Step 2H0-1olts down
o transform 1 13-valts (o )
Amu\ uu([‘ml » ith  175-watt capacity,

" W3 b, Gor 'l Cing s

$ 350.00 - Geared 2-hp Battery Golf Car Motor .,
3 15.00 - Westinghouse OC Ammeter, 0 to 300,
S 40.00 - Yacuum Pressure Pump, 12-¥DC .

- - - BO-MW Walkie-Talkies, Per Pair ....
Multi-Range, AC/DC Tester .,.
$3000.00 - Carrier Telephane Amplifier System

SPECIAL SALE
Correspondence

Course In
ELECTRICAL

ENGINEERING Siiixior sin10 $8 19 :;':-‘_Agf:"/\‘/’

* (ITEM 5AI81 )

Semdertul chanc ohiain technical train-
Ini at Amacing Law Cast F c Schoul has simpended
its Carrespondence va operating costs. We
olfer « Timted mimbet of dee e Complete Flecrrical bngime ering
Course but wi amination paper grading service. The coarse
PR P tooks. ach hook has e regular cvams, and
In 4 separate section andard Answers* ta cach exam duestion.

®  Course Iy well written, easv (0 understand., protusely 1llostrated.
Reader’s Ineest size, eusy to carry and study in spare gme, Many Lin-
cln I-nulmf-nuk Nhond stedent, ding excellent johs as a result ot
{ng. Course cnnuln sUintormation on transistors, sil-
iean almh =, ete, Addition n how (o huild and uprrate a “‘Home
Fahoratory and Experimer nldl lll oeh™ tumished with each course.

SEND 25¢ COIN OR STAMPS FOR 3 MAIN CATALDGS
All ttems FOB Lincoln Money Back Guarantee

SURPLUS CE

DEPT. EW-0I17 LINCOLN. NEBR. 68501
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AUTHORS! Learn how to have your book pub-
lished, promoted, distributed. FREE booklet
“ZD,” Vantage, 120 West 31 St., New York 1.
SONGWRITERS WANTED! Send poems or com-
plete songs to: Tin Pan Alley, 1650-H Broadway,
New York 10019.

HYPNOTISM
|

FREE Hypnotism, Self-Hypnosis, Sleep Lel':\rning.
Catalog! Drawer H400, Ruidoso, N.M. 88345,
FREE TRIAL! Sensational self-hypnosis record
kit. Forum, 333-AAl Michigan, Chicago 60601.
HYPNOTIZE FEMALES!—Unnoticed! Instantly!
Nerves! Send $2.25. Research Enterprises,
29-SN21 Samoset., Woburn, Mass.

PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES
MEDICAL FILM-—-Adults onIy—“Chlldblr‘th" one
reel, 8mm $7.50; 16mm $14.95. International
W, Greenvale, Long Island, New York.

SCIENCE Bargains—Request Free Giant Catalog
“CJ"'—148 pages—Astronomical Telescopes, Mi-
croscopes, Lenses, Binoculars, Kits, Parts, War
Surplus bargains. Edmund Scientific Co., Bar-
rington, New Jersey.

GREGORY ELECTRONICS
Reconditioned & Used FM
2-WAY RADIO SAVINGS

Partial list—Send for our new catalog

Voice Commander

132 to 172 MC, 1W 9.5”
x §.3” x 1.7” Reduced
price including brand
New Rechargeable Nickel
Cadmium Battery Pack

Lowest Price Ever!

148

If crystal & tuning is de.
sired add $45.00

Battery charger for these
units $16.00

WRITE FOR QUANTITY PRICES
VOICE COMMANDER
$
78

Monitor Receiver only—
MOTOROLA 30-50mc

Tuned & Crystalled
T51G series dynamotor

with dry Batteries
power supply TX narrow

e G148
$178

151G seneswbrator power supply TX nar-
row banded RX wide banded
$198

$208

ICCLSSD!‘IQ\ lers cr;sllls anda
antenna  (less accessories, deduct $30.00)

To tune unit to (lez.hed frequency including new an-
tenna and $45

Fully narrow banded (TX & RX) ... ...
T51GGV vibrator power supply TX narrow
banded RX wide banded ...
Fully narrow banded (TX & RX) .

Above prices include

MOTOROLA T41GGY

30-50mc

30 watg vibr, |10l pOWer sup-

ply  fully banded

(‘omnlele “.m

cessories less orys

tads and antenna

Add $45.00 for tuning to desired frequency and new

RUBBER STAMPS

RUBEER ADDRESS STAMP $1.00. Signature
$2.88. Free catalog. Jackson Products, 1433
Winnemac, Chicago, Ill. 60640.

EDUCATIONAL
OPPORTUNITIES

LEARN While Asleep, hypnotize with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24-ZD, Olympla Washington.

LEARN while asleep. Remarkable, scientific,
92% effective. Details free. ASR Foundation,
Box 721, Dept. e.g., Lexington, Kentucky.

USED Correspondence Courses and Books sold

and rented. Money back guarantee. Catalog
free. (Courses Bought). Lee Mountain, Pisgah,
Alabama.

LEARN TECHNICAL WRITING—qualify at home
for high paying prestige career not requiring
college. Growing demand in all industries for
tech writers now. Low monthly tuition. Easy to
understand. FREE career book, sample lesson.
American Technical Writing Schools, Dept.
EWC-17, 5512 Hollywood Bivd., Hollywood, Calif.
90028.

INVENTIONS WANTED

INVENTIONS—IDEAS developed: Cash/Royalty
Sales. Member: United States Chamber Com-
merce. Raymond Lee, 130-GE West 42nd, New
York City 10036.

www americanradiohietorv com

We Buy Late Model Equipment for Cash
—Write; Wire or Phone!

GREGORY
ELECTRONICS
CORPORATION

249 RT. 46, Saddle Brook, N.J., 07662
Phone: (201) 489-8000

T GREGORY w

ELECTRONIC S coa

CIRCLE NO. 110 ON READER SERVICE CARD

INVENTORS. We will develop, help sell your
idea or invention, patented or unpatented. Our
national manufacturer clients are urgently
seeking new items for outright cash sale or
royalties. Financial assistance available. 10
years proven performance. For free informa-
tion, write Dept. 42, Wall Street Invention Bro-
kerage, 79 Wali Street, New York 5, N.Y.

PATENT SEARCHES, $6.00! FREE
Record”/Information. Miss Hayward.
Vermont, District of Columbia 20005.

"“Invention
1029HE

INVENTIONS wanted! Highest cash or royalties.
Financial assistance. Free analysis. International
Invention Institute, Dept. 31, 160 Broadway,
New York, New York 10038.

INVENTORS! Get your “Littie Piggy’' to market.
Highest cash or royalties. New York Invention
Service, Dept. 13, 160 Broadway, New York,
N.Y. 10038,

ELECTRONICS WORLD
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EMPLOYMENT INFORMATION

FOREIGN and USA job opportunities available
now. Construction, all trades. Earnings to $2,.
000.00 monthly. Paid overtime, travel, bonuses.
Write: Universal Employment, Woodbridge, Con-

necticut 06525.

EMPLOYMENT Resumes. Get a better job & earn

more! Send only $2.00 for expert, complete Re-
sume Writing Instructions. J. Ross, 80-34 Kent

St., Jamaica 32, N.Y. Dept. EW.

BUSINESS OPPORTUNITIES

FREE BOOK “990 Successful, Little-Known Busi-
nesses.” Work home! Plymouth-145R, Brooklyn,
New York 11218.

G&G CATALOG!|

GOVT. SURPLUS BUYS

24 Pages - Full of the BEST
in Military Electronic Gear*
SEND NOW FOR YOUR COPY!

TG-34A CODE KEYER

Self-contained Aautomatic  unit,

reproduces code practice signals

recorded on naper tape. By use

of bullt-in speaker, provides

code-practice signals to one or

more persons at speeds from
WPM,

S to 25

BRAND NEwW

In Original Carton $24.5°
Exc. Used . ........$18.95

FAMOUS BC-645 TRANSCEIVER

15 Tubes 435 to 500 MC

ean be mmllllml for :l.way
voice or

eah Wini BRAND
ower supply in NEW
SHERH

s, es
weliht =i Ihs. SPECIAL! $16.95

PE-101C Dynamotor, 12/24W Input .. ...
UHF Antenna Assembly

Complete Set of 10 Plugs

Control Box

SPECIAL “PACKAGE’" OFFER:
runsceiver, D\n- <tor and  all accessories

. LETE, BRA AV

While Stocks L|~.t .- T e e

AN/APR-4Y FM & AM RECEIVER
“FB” FOR SATELLITE TRACKING!

High precision lab instru-
ment, suitable for mom-
toring and measuring fre-
quency and relative signal
strength of signals from
38 to 4000 Mc., In 5 tun-
ing ranges. For 110 volt
60 cycle AC operation,
hutlt-in power supply.
Original circuit diagram
included. Checked out.
pcﬂec(. LIKE sss 50

TN-19 TUNING UNIT for nl'ove'vonunuous tunng
#4775 lo Me., just right for 1206 Mc. Sutellite

Mcquuu\ :||I other «ijprent Hom activity. Clmckml
out, Perfect o .pr v v saar s ian .$59.5
Other tuning units for ahove. TN-Lis, . TN- 18
I'N-34 in stock . P.U.R.
COMMAND SET HEADQUARTERS!
RECEIVERS: . BC- 1 154,
TRANSMITTERS: 2isc. 138, I::g 353 e
MODULAT 2 .BC-450

All Compiete w
AT LOW, LOW ¢
POWER SUPPLIES

Receivers  and  Transmiitiers

above. wipud. ALl 4 ol Net Aceessories in Stock.
e DYNAMIC MICROPHONE
7 1ow lapueilance siynamic mike with rubber-

1ubiber moauthpiece, Has $14-ft rubber-cov.

ervil  eatde \\I(I.. Tl ll.l.‘_'... 53‘25

pistal om0t switel el removable ventilated
Mude by Dermno-Flux. NEW

v e LLee LLd

SPECIAL =~

\S|
\
\
\
\

Tesx 0-50

it D.C. MICROAMMETERS

|f 1pEALFOR 2
- ® S METER. 88
® SOLAR CEI.I.

Geiger Counter

With Every $5.00 Purchase. 1 AMP 800 PIV N" Channel Fet'
CHOOSE §{ ITEM /// susminiature 4 for | Similar g 29

oo ANY 1 FREE Recriiers ST Jpo 0 e -

~ FOR OUR BARGAIN CATALOG SILICON CONTROL RECTIFIERS
100 ON: ] Semiconductors PRV 1 AMP 3+ AMP| PRV 1AMP*3 AMP

\ [] Poly Poks [ Paris ‘bj 35¢ _; 200 [] 8¢ 95¢ B
er 4 ; f ] . : |

warld e Bavs: N Lo st ||

I 150

69¢ [ 8ie N Stud LR

II
$1 PARTS PAKS o SEMI-KON- DUCTORS

3 INFRA-RED DETECTORS, with leads ...
$25 SURPRISE PAK: transistors, reet, diodes, ete, $1
40 PRECISION RESISTORS, ., 2W g \.IIU(\ $1

| 30 CORNING “‘LOW NOISE" resistors. 57 100! $1
60 TUBULAR CONDENSERS, (o .omf. to IKv. asst $3
40 DISC CONDENSERS, 27 mmr to i mltoikV $1
60 TUBE SOCKETS, rceepticles, plugs. audio, ete. $1
30 POWER RESISTORS, 5 {0 50W, {a 2{K ohms ...$¥

| 50 MICA CONDENSERS, ta .lmf. silvers too! LL.$1
10 VOLUME CONTROLS, to | mew. switeh too! $1
10 ELECTROLYTICS, to Zoomf, F1I'& tubulars $1
50 RADIO & TV KNOBS, :issted. ealurs & styles .81
10 TRANSISTOR ELECTROLYTICS: 10 mf 1o S04 ml $1

| 50 COILS & CHOKES, if, rf, ant, osc, & more ........ $1

|1 WATT ZENER DIODES

—— D—3rur 51

Yoits Yoits VYolts Yolts VoIh Yolts Yoits
L\OEIS 220133047 100 (J150
1Y 1624 736{]514 110160
011827 39[]563 szo lao
U\SL 2030 143 J62(1910130

TO86 Case! 2N431, 442, 277,

278, DS501 up to 50 Volts

{1 2N1100 nv« no lon $1.96

. 0 too!

75 HALF WATTERS, :1. 50 toa! SI
60 HI-Q RESISTORS, ¢ values $1
10 PHONO PLUG & JACK SETS tuners, amps ...
10 TUBULAR ELECTROLYTICS, (o Hto mf ...
INFRA-RED PHOTO DETECTOR TRANSDUCER
INFRA-RED PARABOLIC REFLECTOR & FILTER
40 WORLD'S SMALLEST COND., to .0imf .
4 TRANSISTOR TRANSFORMERS, nxst. worth
2 CLAIREX PHOTO ELECTRIC CELL, CLb60T .
60 CERAMIC CONDENSERS, dixcs, npo's, to .0
| 40 **TINY'' RESISTORS, 1/10W. 577 too!l.
\ 10 TRANSISTOR SOCKETS for pnp-npn transistor:
30 MOLDED COND'S, mylar. pare. black heauty $3

HIGH POWER $1
PNP 100Watt/15 Amp HiPower

=] “EPOXY'’ --3000 piv 200 ma RECTIFIERS .. .95
—J “EPOXY’r —6000 piv 200 ma RECTIFIERS . 1.95

RAMS: Send chelk, money order.

_— . ak 1
P OLY o wstorant: 2o
P.O. BOX 942W
I A K s SO. LYNNFIELD, MASS.

“PAK-KING'' of the world
CIRCLE NO. 96 ON RE

INVESTIGATE Accidents—Earn $750 to $1,400
monthly. Men urgently needed. Car furnished.
Business expenses paid. No selling, No college
education necessary. Pick own job location. In-
vestigate full time. Or earn $6.44 hour spare
time. Write for Free Literature. No obligation.
Universal, CZ-1, 6801 Hillcrest, Dallas, Texas
75205.

| MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Michigan
48197,

Please inciude 25% Deposit with order—Balance CITIZENS BAND Radio Dealerships Available.
CO.D., or Remittance in Full 50¢ Handling Charges |  gel| Full or Part Time. Knox Electronic, Dept.

oﬁ éll orders under .00. Al] shipments F.0.B, Our

Warehouse, N.Y.C. All Merchandise subject to Prior 274, Ga'ESbUFE, 1. 61401.

Sale and Price Change.
*For NEW COMPLETE CATALOG,
send 25¢. refunded with first order.

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.

G & G RADIO SUPPLY CO.
Telephone: (212) CO 7-4605
77 Leonard St, New York, N.Y. 10013

January, 1967

Doolco, 2016 Canton, Dallas, Texas 75201.

MONEYMAKING mailorder opportunities, $200
weekly possible. Litten, 33ZD. Randallstown,
Maryland.

www americanradiohietorv com

3 2N706 SOOMW, 300MC NPN PLANAR, TO-1x .

4 2N35 TRANSISTORS, npn. hv \\l\.lmd I()“ 51
4 2N255 POWER TRANSISTOR EQUALS, T03 cuse $3
2—500 MC, 2N708 NPN hlllum ])Idl\.u TOME ....8T
15 NPN TRANSISTORS e . 410, no test «..$)
85 WATT 2N424 PLANAR, silicon, TO-53 npn,. $)
10 NPN SWITCHING TRANSISTORS, 2N335, 110 ... $3
25 ZENERS GLASS SILICON DIODES, no test ... $
2 “TINY'' 2N1613 2W. 100MC, TOA6 case, nnn $1
15 PNP TRANSISTORS, Ck 722, J 35, 107, no test §3
4 BIDIRECTIONAL TRANSISTORS, INTRfpes <o §1
3 2N711 300MW, 300 MC, PNP MESA TO18 ... . %1

SILICON
(}9 CONTROLLED
RECTIFIERS
PRV AZIF Alngr ATVlsw

RECTIFIERS / o o £ 10gr-5e
PIV_Sale PIY  Sale zoo["los 170
9¢ 600 ] 40¢ | 300[71.6072.20
13¢ 3°°f? S1e | 200(72.10(J2.70
19¢ 71000 [ ] 69¢ | 500 jz 8013. 30‘I3 Bl

35,

600 7]3.00( '3.90

SILICON POWER STUD RECTIFIERS

AM:S 2% PIY 50 PIY 100 PIY 200 PIV

15 ] 5] z;‘ I]] 490' b lg‘
- T 22¢
35 o - [ sos 0 7sI ! 1.1;

AMPS 400 PIV 600 PIV 800 PIV 1000 PIY
3 [l 25¢ (7 35¢ [ 45« ] 65¢

5 ] 90¢ 7 1.35 7 1.89 [ 1.79
35 1 1.90 1 2,50 [] 2.75 | 2.95
750 MIL TOP HAT AND EPOXIES
PiY Sole PIY Sale PiY Sale
50 [ 5S¢ 600 [ 19¢ 1400 [} 75¢
100 [] 7¢ 800 | ] 24¢ 1600 [ 95¢
200 [] 9¢ 1000 [] 40¢
400 [ ¢ 1200 [ 59¢

30 TRANSISTORS, rf. If, audio vse-ifs, TOJ no test §3

3 2-WATT PLANAR TRANS'TRS, 2N&47. 100menpn$l
4 2N33 6 NPN SILICON transistors, Transistron $1

~y 10 ZENERS REFERENCES stud. usst types .. ..$1
~ 25 GERMANIUM & SILICON DIODES, no test .81
25 TOP HAT RECTIFIERS, silicon, 750ma. no test $1
10 FAMOUS CK722 TRANSISTORS, pnp no test ....$1

] 10 30-MC TRANSISTORS, silicon. TOLX, no test $1
3 —2N705 MESA, 300 me, 300 mw, pnp. I()l*‘....SI
10 2-6Amp RECT's, studs, silicon, 30 to 100 V .81
10 PNP SWITCHING TRANSISTORS, 2N104,n0 Lebt $

ADER SERVICE CARD
PLANS AND KITS
BUILD all transistor TV Camera for $40.00;

plans, schematics $3.00. Beck, 2950 Sarah
Court, Newbury Park, California.

REAL ESTATE

FREE Fall-Holidays CATALOG! Big 180 pages!
Selected Best thruout the U.S. Thousands of
properties described, pictured—Land, Farms,
Homes, Businesses—Waterfront, Recreation, Re-
tirement. 66 Years' service, 490 Offices, 36
states Coast to Coast. Mailed FREE from the
World's Largest! STROUT REALTY, 60-ZD, East
42nd St., N.Y. ,N.Y. 10017.

STAMPS

WORLD'S LARGEST STAMP 25¢ to approval ap-
plicants. Dukes, Greendale, Wisconsin 53129.

97
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CATALOG

World's ““BEST BUYS"

in GOV'T. SURPLUS
Electronic Equipment

RT-122/APW-11 REC.-TRANS.
RT-122/APW-11 RECEIVER-TRANSMITTER—Unit
ronsists of a tunable receiver cavity, a crystal
detector, a video amplifier, decoding circuits; a
transmitter and circuits for obtaining audio fre-
quency tones from the pulse position modulated
signals of the AN/MSQ-1. The transmitter con-
tains circuits for encoding the reply by varying
the spacing between the two reply pulses. The
Receiver-Transmitter receives input pulses
transmitted at a pulse repetition frequency of
410 cycles per second and a present carrier
frequency ranging between 2680 and 2920 MC.
The reply puises are automatically transmitted
at a preset carrier frequency ranging between
2700 and 2950 MC. Tubes: 11/12AT7; 2/2D21;
BAS6; 6AL5; 2C40. Size: 13x514x6”. Wt.: 19 Ibs.
PRICES: Used, with Tubes..

Used, less Tubes... 5.95
TRANSMITTERS—RECEIVERS:
BC-453 Receiver—190 to 550 KC.......Used: $16.95

BC-455 Receiver—6 to 9 MC.—

Gov't. Reconditioned, w/Dyn.: 14.95
BC-456 Modulator .............................. Used: 3.95
BC-696 Trans.—3 to 4 MC., Gov't. Recond.: 12.95

T-20 Trans.—4 to 5.3 MC.... 9.95
T-21 Trans.—5.3t0 7 MC......oooovnenen... New: 9.95
T-22 Trans.—7 to 9MC..........ocoooeee. New: 18.95
BC-348 Receiver—200 to 500 KC.—

1.5to 18 MC.............Used: 69.50
BC-221 Frequency Meter .................. Used: 79.50

NEW CATALOG —
JUST OFF PRESS—SEND 25¢ (stamps or coin)
and receive 50¢ CREDIT on your order!

ADDRESS DEPT. EW

FAIR RADIO SALES
1014 E. EVREKA - Box 1105 - LIMA, OHIQ - 458032

BOOKS

CANADIANS—Fabulous Electronic Book Cata-
log—Listing over 500 Titles—Free—Books, Box
796, Dept. A, Montreal 3.

BOOK “300 Tricks You Can Do’ Dollar. Free
Catalogue. Mandel, 2912Q Neptune Ave., Brook-
lyn, New York 11224,

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of
yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412.

BEERS, PEACH BRANDY, WINES —Strongest For-
mulas, $2.25. (complete brew supplies hydrom-
eters catalog 10¢)—Research Enterprises, 29.D
Samoset, Woburn, Mass.

LEMURIAN VIEWPOINT —Thought-provoking dis-
cussions of Universal Truth, man’s purpose on
earth, reincarnation, and subjects from Lemur-
ian Philosophy. Send for FREE copy. Lemurian
Fellowship, Dept. 637, Ramona, California
92065.

TEN Winemaking Recipes and Winemaking Sup-
plies Catalog. 10¢. Country Winemaker, Box
243EGA, Lexington, Mass. 02173.

SAMS binders good condition $1.75. P. P. Warren
Arnett, 723 Horton, Marion, Indiana 46952.

AS YOU SCAN THESE COLUMNS, more than
191,000 monthly buyers of ELECTRONICS
WORLD are doing the same. These men are all
Electronics Professionals—individuals involved
actively in electronics from a business or hobby
viewpoint They look to the pages of the ELEC-
TRONICS MARKET PLACE for prime sources of
products and services of interest to them. They
will buy from you if your advertising appears
regularly in their favorite magazine. Use the
handy order form printed in this section or write
today to: Hal Cymes, Classified Advertising Man-
ager, ELECTRONICS WORLD, One Park Avenue,
New York, New York 10016. REMEMBER: March
issue, on sale February 21st, closes January 1st.
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WORLD’S LARGEST SELLING
AND WORLD’S NEWEST

Hand Size v-o-m's '

' mF'usr

VIDE IN U.S.A,
BUFFION, O

MODEL 3O-C
INTERNALLY SHITLDED

HAND SIZE AND LIGHTWEIGHT, but with the features of full- | 310-C PLUS FEATURES
size V-0-M's. 1. Fully enclosed lever range switch
2. 15,000 Ohms per volt AC
(20,000 O/V DC same as 310)
20,000 OHMS PER VOLT DC; 5,000 AC (310)—15,000 AC (310-C). 3. Reversing switch for DC measure-

ments

EXCLUSIVE SINGLE SELECTOR SWITCH speeds circuit and
range settings. The first miniature V-O-M’s with this exclusive MODELS 100 AND 100-C

feature for quick, fool-proof selection of all ranges. Comprehensive test sets. Model 100

includes: Model 310 V-O-M, Model 10
SELF-SHIELDED Bar-Ring instrument; permits checking in strong magnetic fields. Clamp-on Ammeter Adapter; Model
FITTING INTERCHANGEABLE test prod tip into top of tester makes it the common O [ 0 i LUSRlel SR el
probe, thereby freeing one hand. UNBREAKABLE plastic meter window. BANANA- | g:;:;am°gﬁ'it3;lrf::; gﬁf‘:)o Malug
TYPE JACKS—positive connection and long life. MODEL 100—U.S.A. User Net..'.$70.00

Model 310—$40.00 Model 310-C—$50.00 Mode! 369 Leather Case—$3.50 MODEL 100-C—
Same as above, but
@

ALL PRICES ARE SUGGESTED U.S.A. USER NET, SUBJECT TO CHANGE 5 B with Model 310-C.

THE TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHI0 A

CIRCLE NO. 97 ON READER SERVICE CARD

FIELD ENGINEERS *« ELECTRICAL, RADIO, TV, AND APPLIANCE SERVICEMEN * ELECTRICAL
CONTRACTORS *» FACTORY MAINTENANCE MEN * ELECTRONIC TECHNICIANS * HOME OWNERS, HOBBYISTS
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Are you offering today’s color?

HI-LITE
% ALL-NEW COLOR TV
|}l PICTURE TUBE

HR/2IFBP22A

J

AHi-Lite color picture tubes

Il'lh ,.' ] 1 3 j-d'
y I L 3 |

eplacement tube customers

Odds are that when you’re called to replace a customer’s color picture tube and you

replace it with an RCA Hi-Lite, you’re giving him a better product than he had when
his set was new.

at’s be use { A 4o nictire tinhec are R ( hogi the came anality he
same a 110 -Li -Néw...
1SS n nd incorvorate the continued advancements in picture tube tech-
iterally
picture brightness an r fid its fin ilal r the service trade

d ra = eS.

How about you? Are you offering your customers today’s color?

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

The Most Trusted Name in Electronics
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