Electronies World

JULY, 1968
60 CENTS

NEW COLOR-TV SET
SHOWS SLIDES WITH SOUND

PARTICLE ACCELERATORS
FIND NEW APPLICATIDONS

INTEGRATED CIRCUIT
PREAMPLIFIER

= ‘._ o [ - F'.‘..“:.. .‘_.‘\II

\ o0 | I / AL I .'
R\ \\ )\ L

LINEAR INTEGRATED CIRCUITS

'-"..;. y1vCs NN SIT04V3INNIW .
oy 35 AY QNzz 8801
R "SINAT N

Ly30288013INT%8906% 1LEO0M ﬁf{

X
LIRS
cr

www americanradiohistorv com


www.americanradiohistory.com

Our current
catalog shows the

entire Electro-Voice
professional
microphone line.

Strangely enough,
so do Life’ Time | SIONAL EQUIPMENT CATALOG 50,

"y

Newsweek, and o o
U.S. News & World
Report! Year after
year after year!

For the 7th consecutive year we’ve counted

» microphones—by brand—in the four major
newsweekly magazines. And, once again,
Electro-Voice dominates the picture at major
world news events.

We studied every editorial photo, in every issue,
for a year. There were more Electro-Voice
microphones seen than all other U.S. brands combined!
E-V microphones were pictured 4.82 times more
often than the next most popular brand.

We think this survey tells an important story
about Electro-Voice quality and dependability.
A story that is continued in TV, radio, movie, and
recording studios throughout the world.

If you don’t yet have a copy of our current
catalog, drop us a line today. We'll send you full
details on the entire line. And to see E-V
microphones in action ... just keep reading.

Learn about the
entire Electro-Voice
line of professional,

general-purpose,
& World Report and communications

microphones. Send for

R e this handy E-V
T ETIESD S "\ microphone brochure
d today, or see your

nearby E-V dealer.

EleclhoYbres

A SUBSIDIARY OF GULTON INDUSTRIES, INC.

ELECTRO-VOICE, INC., Dept. 781N,
629 Cecil Street, Buchanan, Michigan 49107

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

(‘O%RCLE NO. 117 ON READER SERVICE CARD


www.americanradiohistory.com

The weed of crime
bears sweet fruit

Here's Why

We've turned around the Shadow's
old adage . . . because now crime
does pay. It pays extremely well.
if instead of:committing crimes,
you prevent them. Prevent them
with the best burglar trap in the
business: Radar Sentry Alarms

Because the crime rate is rising
astronomically. the demand for bur-
glary protection is at an all-time
high. Selling Radar Sentry Bur-
glar Alarms is an excellent way to
serve society —and make an extra-
ordinary income at the same time!
Sell just one Radar Sentry a week,
andyoucanearnmorethan $15000

a year! The weed ot crime can in-
deed bear sweet fruit

For less than $500 you can get
started today on a career in crime
prevention. There's no franchising
fee. You can start selling Radar
Sentry Alarms full or part time.
No special experience is needed.
though your electronics know-how
will instill just the kind of customer
confidence that helps build sales.

Foolproof. solid-state burglar trap

Radar Sentry Alarms saturate an
area of 5000 square feet from wall
to wall. floor to ceiling with invis-
ible microwaves. Using multiple
remote detectors, there is no limit
to the area that can be covered.
Any human movement will set off
an earpiercing alarm. And nothing
can thwart a Radar Sentry Alarm;
it's completely foolproof!

All Radar Sentry Alarm units are
solid-state. Installation is simple —

no test equipment or special tools
required. Maintenance is just as

easy. Thanks to solid-state circuitry.

the heart of the Radar Sentry
Alarm’s electronics is on a single
printed circuit module. If a problem
develops. the complete module is
pulled out..and a new one plugged
in. Instant repair, and no lapse in
security.

Break into the burglary business today

RADAR DEVICES MFG. CORP.

EW-7|

22003 Harper Ave. St. Clair Shores, Mich 48080'

Please tell me how | can have a business of my own
distributing Radar Sentry Alarm Systems. | under-

stand there is no obligation
Name __

Address

City

State s ————___7ip
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Tins for Technicians /|/|[UY, -

Why some filter capacitors develop hum...
and some don’t

Aluminum electrolytic capaci-
tors are widely used as filters in
; DC Power Supplies. This is be-
-= . cause of their large capacitance
. in relatively small size. All in
o TAIYT . all, they do an efficient job of

: - reducing ripple (hum) to ac-
ceptable levels.

However, all electrolytic capacitors are

not alike. This is often why some types
seem to allow hum to rise to objectionable levels more
quickly than do others. In order to understand why, we
must investigate actual construction methods.

As you know, electrolytics are basically made by depositing
a film of aluminum oxide on aluminum foil to form the
positive anode. The oxide is the dielectric. A semi-liquid
electrolyte surrounds the anode and is actually the negative
cathode. In order to connect this semi-liquid cathode to a
terminal, a second piece of aluminum foil is used. This is
often called the cathode, but it is not. It is actually only
the cathodic connection. (The preceding describes a ““polar-

o
V4 u\‘ ized” electrolytic capacitor.)

/ “’5 When high ripple currents are applied to polarized electro-

% lytics, a thin oxide film forms on the so-called *‘cathode’.

It begins to assume the characteristics of a second anode.

This in turn, has the same effect as placing two capacitors
in series. Consequently, overall capacitance is reduced.
Inevitably hum increases.

This action is especially noticeable in electrolytics which use
plain foil as the ““cathode”. This is simply because the oxide
builds up over a relatively small area.

Mallory avoids this problem by etching the “cathode” on
electrolytics. As a result, oxide build-up is spread over a
vastly increased area. Therefore, ripple currents are main-
tained at very low levels for very long time periods.

Of course etched *‘cathodes’’ cost a lot more to make. But
you get them from Malloy at no extra cost.

Meanwhile, see your local Franchised Mallory Distributor
for capacitors, resistors, controls, switches, semiconductors,
and batteries. Or write Mallory Distributor Products
Company, a division of P. R. Mallory & Co. Inc., Indian-
apolis, Indiana 46206.

DON'T FORGET TO ASK'EM "PWhat eloe needs fixing 7”

CIRCLE NO. 108 ON READER SERVICE CARD
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Electronies World

THIS MONTH'S COVER il-
lustrates a number of linear
integrated circuits and ties
in with our Special Section
on this impaortant and time-
ly topic. The two photos at
the upper right are Sprague
hybrid LIC's used as opera-
tional and differential am-
plifiers for peripheral com-
puter equipment. They
contain multi-layer ceramic
capacitors, metal-film re-
sistors, discrete diodes, and
monolithic IC’s. The ceram-
ic frames are filled with
epoxy encapsulating mate-
rial. The strip of four photos
at the bottom of the cover
are, from left to right: a
photomicrograph of an RCA
multi-function LIC, consist-
ing of FM i.f. amplifiers, dis-
criminator, and a.f. ampli-
fiers; Westinghouse com-
p ete audio amplifier LIC’s
are shown next packaged
in 10-lead TO-5 case and
flat pack; a G-E 8-lead plas-
tic - packaged audio - ampli-
fier LIC is next, mounted
on the printed board of a
phonograph amplifier as-
sembly; and the photomi-
crograph at right is of a Mo-
torola operational amplifier.
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New
Low Power
AC Sources.

175 VA-$565

350 VA-S1120

CML has been making the
best low power AC sources
around. For years. Now low
power hits a new low in
price. All with interchange-
able oscillator modules for
fixed or adjustable output
frequencies from 45 to

| 6000 Hz. All feature excel.
lent frequency stability

and load regulation, low
distortion, and lightning-fast
response. Write or call

today.
Mode! NS175 Model NS350
(175 VA) {350 VA)

With fixed

400 Hz oscillator  $565 $1120
Adjustable

350-450 Hz 685 1225 |
Adjustable

45-6000 Hz 785 1385

CML, Inc.

A Subsidiary of
Tenney Engineering, Inc.

350 Leland Avenue
Plainfield, N.J. 07062
(201) 754-5502 - TWX 710-997-9529
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SPECIAL FEATURE ARTICLE:

SCR’S AND TRIACS '

' Electronics World

SC's and TRIACS
WELUDING PRACTICAL TIRCUIT APPLICATIONS

There have been many new developments in the packaging and technology of silicon

controlled

rectifiers and triacs (a bi-directional gate-controlled switch).

In a

special article in next month's issue, Dave Cooper of International Rectifier Co.
discusses some new circuit applications and surveys the field of available devices.

TWIN-T's

Twin-T circuits are already being used
as voltage-stable oscillators, ringing cir-
cuits, resonant amplifiers, and tone con-
trols. A flock of new designs and appli-
cations have recently been deceloped.
This article describes a few of them.

SOLID-STATE KITS

Are you a new arrival in the micrologic
design field? RCA, Motorolu, G-E, und
Siliconix have deceloped « group of
sampler kits which the fledgling IC or
transistor user can employ in his bread-
hoard developmental designs.

FUSE STANDARDS ARE

WORKING FOR YOU

A surcey of the field of fuses and fuse
standards with special emphasis on the

Underwriters’ Laboratories and  Mili-
tary specifications which govern their
manufacture, performance, and cost.

THE CO-OP ENGINEER

Look for the super engineer. He's a
product of a growing industry-unicer-
sity team. Through cooperatice educa-
tional programs, students are earning
money for school expenses and guining
valuable industrial ~ experience. Some
companics say co-op students make the
best engineers.

TV ALIGNMENT TECHNIQUES

Without proper alignment, color-TV is
a dud. Some television technicians do
anything to avoid set adjustments. The
problem is they don’t understand their
test equipment or test procedures.

All these and many more interesting and informative articles will be yours
in the August issue of ELECTRONICS WORLD on sale July 18th.
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By FOREST H. BELT /Contributing Editor n Bw s

Booster Shots for Color-TV

More color-TV sets were sold last year than ever before but only 2592 more than in 1966. The growth
rate in earlier years was much greater. The sales pattern of color-TV this year worries set-makers a little.
After a spurt the first two months of this vear. sales took a long stump in March-April-May.

The Consumer Products Division of the Electronie Industries Association (EIA) plans a big national
promotion campaign for color-TV this fall. The theme will he “Discover Color-TV™. Results may not be
felt before the spring 1969 retail selling scason. although the impact might improve Christmas sales. The
E1A promotion is part of a long-range plan to increase public awareness and use of consumer products of
all kinds,

RC.1 vecently kicked off a multi-million-dollar consumer-products promotion called “Entertainment on
the Move”. Color-TV portables share that promotion. With other manufacturers also emphasizing color
portables in their new lines—in screen sizes from 10 to 18 inches—it’s possible the color-TV industry can
be prevented from becoming too anemic.

Another kick in the pants was aimed at the color-TV industry in general, and at the servicing business
in particular, by an article in the May 1968 issue of Consumer Reports. The article says that CR readers
write “over and over (about) put-off’s. evasions. and buck-passing among manufacturer, service agency.
dealer, and repairman--and. it would appear. just plain incompetence”. The story sums up with: “Until
there’s a more reliable product and a more knowledgeable repair industry. the trouble with color TV
should give pause to any potential buyer of this expensive product™. That kind of publicity is not likely to
help color-TV sales much.

The Story Behind Long Warranties

k]

l.ast month’s issue had hardly been put to hed when more of the “big” color-TV manufacturers were
climhing on the extended-warranty bandwagon (this column, June, page 17, “Extended Color-CRT War-
ranties” ). They probably joined out of necessity; it’s hard to imagine only one or two of them offering this
sales-hoosting gimmick. By now. General Electric. Motorola. Packard Bell, Philco-Ford, RCA, Sylvania,
and Zenith all offer a 2-year warranty on the color picture tube. Not all the warranties are the same.
though. Some are at extra cost to the dealer, who naturally passes it along to the buyer. Nevertheless.
nationwide ad campaigns are touting the extended warranty as another reason for the consumer to buy
color-TV now. Admiral still has an edge, with the only 3-year warranty policy.

From all quarters. except perhaps from the set-makers themselves. the question is: “Who pays for the
lahor of warranty replacement?”™ The answer is. unfortunately: “The customer™. Even more unlortu-
nately, that cost is a direct one—it can’t he “hidden™ in the price of something else. When a dealer re-
places a color picture tube. in or out of warranty. the customer must be charged for service. So far, I've
heard no indication that any manufacturer intends to reimburse a dealer for the time-consuming work
of changing the CRT and the subsequent adjustments and purity, gray scale, and convergence. Several ser-
vice and dealer association leaders express worry over how the customer is going 1o react. Badly. I'd say.

The technician and dealer are understandably wary of extended warranties. Too many have lost their
shirts trying to make good on other long-term or non-reimbursed warranties. Furthermore. too often the
terms of the warranty as explained to the set buyer are worrisomely vague. Until warranty conditions im-
prove for both the dealer and the customer. there are a couple of possibilitics for relief: (1) Be very sure
the customer who buys a color-TV set understands the exact terms of the warranty, and knows what charges
will he made if the warranty has to he honored. 12) Some dealers cover the cost of providing warranty
labor by selling first-year service contracts. and find the customer then usunally willing to buy a second-
year contract (if. of course, service has heen okay ). These suggestions are not the final word on extended
warranties, by a long shot. The whole idea needs a lot of refinement for all concerned.

Getting Rid of Color-TV X-Rays

Another onslaught in the battle of TV manufacturers to eliminate all possibilitics of color-TV x-radia-
tion has been won by Wotorola. The weapon is a new all-solid-state, high-voltage rectifier. Motorola long

LJuly, 1968 5
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ago climinated the troublesome shunt regulator tube. The only possible x-radiator left in 1969 Motorola
color models is the picture tube, and no manufacturer’s set has any significant radiation from that source.

TV With No Picture Tube?

Not quite, although it may be closer than we know. General Electric scientists have come up with a tiny
light-emitting diode in one of the lubs. If cnough of those diodes could he integrated into one solid hank.
and a means provided [or driving them in a regular scanning sequence, the result could be a flat-screen

television display—and all solid-state. This sereen could clear the way for a totally tubeless TV

The principle for such a display is already incorporated in a giant (8-loot diagonal) color-TV display
engineered by Sony. The “screen” consists of 78.000 tiny incandescent lamps. arranged in 28.000 triads
of red, green. and blue. The triads are in 260 horizontal rows, and are scanned by regular video that has
been changed 1o digital pulses which are applied to the lamps in sequence the same as video is swept across
the usual TV scereen. I the techniques used to scan thie Sony display panel can be adapted to suit thousands
of tiny electroluminescent diodes in a smaller display. and the diodes can he made to emit red, green, and
hlue, we'd have an entirely solid-state color-TV screen.

IC’s Keep Coming in Home Entertainment

What had seemed only a tendency (this column, January, page 21, “Integrated Circuits—Reliable?™)
ix becoming a trend. Linear integrated circuits are becoming so inexpensive and commonplace that more
and more manufacturers are using them in favor of discrete components. RCA and General Floetrie hold
the edge. but a good many others are in the picture: Texas Instruments, Fairchild Semiconductors. Motor-
ola Semiconductor, Westinghouse, General Instrument, Signetics, Mallory, and Sprague, to name a few.
Llach of these companies has introduced one or more low-cost linear integrated circuits within the past
few weeks, specifically tailored for the consumer clectronics market.

In Japan. Nippon Electric Co. has recently developed an 1C similar to the sound-i.f.-detector-preamp
IC pioncered by RC 4, even including the zener-diode voltage stabilizer. 1C technology in Japan has lagged
partly because Texas Instruments wouldn't license Japanese firms to produce 1C’s for the U.S. market—
ostensibly due to a disagreement on termns under which T/ was to huild a plant in Japan. This dispute has
been scttled, now.

IC’s are showing up in hi-fi equipment, as well as in home TV and radio receivers. /lammond Corp.
will use them in its 1969 line of electronic organs. They are showing up in test equipment, particularly in
imported models. Motorola auto radios have them already, and other hrands will put them into next year’s
models. Keep an eye out; the consumer-1C trend may turn into a hoon.

New One-Gun Color CRT

Remember the Chromatron color picture tube? 1’s a one.gun tube that uses color-switching grids to
move the beam among red, green. and blue color stripes on its sereen. The associated troublesome and
expensive switching was later eliminated by a three-gun adaptation called the Chromagnetron. Neither
version really caught on in this country, although some Chromatron color sets have heen =old in Japan.

Now, Sony designers have taken advantages from both and huilt a color picture they eall a Trinitron.
It has only one electron-gun structure, but produces three beams from three cathodes. Color phospliors
are still applied to the screen in vertical stripes. The three beams—I{rom the red. grecn. and blue cathodes
—go through three holes in the first two grids (the modulating grids). Then all three go through a succes-
sion of cylindrical grids that shape and focus them. In [ront of the gun are four flat plates that converge
the three beams electrostatically.

The Trinitron has an aperture grille hetween gun and the screen. 1t is similar to the shadow mask of
conventional color CRT's, except that instead of holes it has vertical slits that match up with the color-
phosphor stripes on the CRT face. Image brightness is said to be as good and crisp as that in the Chroma-
tron, which is pretty good.

Flashes in the Big Picture

CBS Labs suggests recording books on its new 8% r/min, 7-inch records, which have playing time of
2 hours per side; takes new playback unit with special stylus to track microgrooves (700 per inch). . ..
Begins to appear likely that land-mobile two-way radio services will get some TV channels, probably in
w.h.f. band, but not without one more big fight by broadcasters. . . . Congress considering “all-channel-
radio” bill requiring all radios to have hoth AM and FM. A
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B} ECC

is part of the Grantham

A. S. E E
DEGREE CURRICULUM

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

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

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

COMMERCIAL OPERATOR

*LICENSE

Mgy
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A
ity } .‘"’
[
f“ CAREERS
Stngyg ﬂ ECTR 0
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This booklet

FREE!

mum

This free booklet
explains what an |
FCC license and!
ASEE degree can
do for your future.

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

Accreditation, and G.I. Bill Approval

Grantham School of Electronics is accredited
by the Accrediting Commission of the National
Home Study Council, and is approved for both
correspondence and resident training under the
G.1. Bill. Mail the coupon, or simply write or
telephone for your free copy of our Associate
Degree Bulletin which gives complete details
of our educational program.

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

e Established in 195] o

Grantham School of Electronics

1505 N. Western Ave.
Hollywood, Calif. 90027

818 18th Street, N.W.
Washington, D.C. 20006

Telephone:
(213) 469-7878

Telephone:
(202) 298-7460

July, 1968

R,
Grantham Schoo! of Electronics EW-7-68 ;
1505 N. Western Ave., Hollywood, Calif. 90027 |
Please mail me your free catalog. which explains how I
Grantham training can prepare me for my FCC License |
and Associate Degree In electronics. I understand no |
salesman will call. |

]

Name. Age I

|

Address § _ !

|

City . State Zip |
__________________________ -
7
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EXPERIENGE
5 STILL YOUR

BEST TEACHER

NRI designed-for-learning
training equipment gives you
priceless confidence be-
- cause your hands are trained
L - as well as your head.
Learnmg Electromcs at home the NRI way is fast
and fascinating. Read opposite page.

OLDEST AND LARGEST
SCHOOL OF ITS KIND

Accredited by the Accrediting Commi of the National Home Study Cou

8 ELECTRONICS WORLD
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You get more for your money
from NRI—more value, more solid experience

so essential to careers in Electronics. NRI's pioneering
‘‘discovery’ method is the result of more than half a
century of simplifying, organizing, dramatizing subject
matter. In each of NRI's major courses you learn by
doing. You demonstrate theory you read in *‘bite-size’’
texts programmed with NRI designed-for-learning pro-
fessional lab equipment. Electronics comes alive in a
unique, fascinatingway. You’ll take pleasure in evidence
you can feel and touch of increasing skills in Electronics,
as you introduce defects into circuits you build, per-
form experiments, discover the “why’ of circuitry and
equipment operation.

Almost without realizing it, the NRI discovery method
gives you the professional’s most valuable tool—prac-
tical experience. You learn maintenance, installation,
construction and trouble-shooting of Electronic circuits
of any description. Whether your chosen field is Indus-
trial Electronics, Communications or TV-Radio Servicing,
NR! prepares you quickly to be employable in this
booming field or to earn extra money in your spare
time or have your own full-time business. And you
start out with training equivalent to months—even years
—of on-the-job training.

NRI Has Trained More Men for
Electronics Than Any Other
SChool—By actual count, the number of individ-

uals who have enrolled for Electronics with NRI could
easily populate a city the size of New Orleans or Indiana-
polis. Over three-quarters of a million have enrolled with
NRI since 1914. How well NRI training has proved its
value is evident from the thousands of letters we re-
ceive from graduates. Letters like those excerpted
below. Take the first step to a rewarding new career
today. Mail the postage-free card. No obligation. No
salesman will call. NATIONAL RADIO INSTITUTE,
Electronics Division, Washington, D.C. 20016.

L. V. Lynch, Louis- G. L. Roberts,
¥ ville, Ky., was a Champaign, Il.,
B8 factory worker is Senior Tech-
with American nician at the U.
Tobacco Co., of INinois Coor-
now he's an Elec- dinated Science

tronics Technician with the Laboratory. In two years he
same firm. "'l don't see how received five pay raises. Says

the NRI way of teaching could
be improved.”

Don House,
Lubbock, Tex.,
went into his
own Servicing
business six
months after
completmg NRI training. This

former clothes salesman just .

bought a new house and re-
ports, "'l look forward to mak-
ing twice as much money as |
would have in my former
work.”"

Roberts, ‘| attribute my pres-
ent position to NRI training.””

Ronald L. Ritter
of Eatontown,
N.J., received a
promotion be-
fore finishing the
NRI Communica-
tion course, scoring one of the
highest grades in Army pro-
ficiency tests. He works with
the U.S. Army Electronics Lab,
Ft. Monmouth, N.J. “Through
NRI, | know | can handle a job
of responsibility.”’

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

July, 1968

COLOR TV CIRCUITRY COMES ALIVE

asyoubuild, stage-by-stage, the onlycustom Color-TV engineered
for training. You grasp a prefessional understanding of al! color
circuits through logical demonstrations never before presented.
The TV-Radio Servicing course includes your choice of black and
white or color training equipment.

COMMUNICATIONS EXPERIENCE

comparable to many months on the job is yours as you build and
use a VTVM with solid-state power supply, perform experiments
on transmission line and antenna systems and buiid and work
with an operating, phone-cw, 30-watt transmitter suitable for
use on the 80-meter amateur tand. Again, no other home-study
school offers this equipment. You pass your FCC exams—or get
your money back.

COMPETENT TECHNICAL ABILITY

can be instantly demonstrated by you on completing the NRI
course in Industrial Electronics. As you learn, you actually build
and use your own motor control circuits, telemetering devices
and even digital computer circuits which you program to solve
simple problems. All major NRI courses include use of transis.
tors, solid-state devices, printed circuits.

wWwWWwW. americanradiohistorv.com
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New Sams o0KksS
Q

Bench Servicing Made Easy (2nd Ed.)
- ES by Robert G. Middleton. The
- outstanding authority on TV
servicing presents the most
e sl unique and practical approach
: | to fast, efficient repairs. This
book goes far beyond mere
theory to provide you with a
step-by-step guide for locating
defective components in any
TV circuit. Completely up-
dated to include the latest tube
and transistor circuits. This is
the TV troubleshooting book
for progressive servicemen. [t is practical, time-
saving, invaluable; packed with the succéssful ex-
perience gained directly at the author’s own work-
bench. 176 pages; 514 x 814", 3395
Order 20658, only

Advanced & Extra-Class
License Handbook

by Howard S. Pyle, W70E. Contains all the infor-
mation you need to obtain the Advanced- or Extra-
Class amateur radio license. Makes it easier for
present holders of lower-grade licenses to prepare
for the top amateur licenses. Covers: Requirements
for Advanced and Extra-Class licenses; building up
code speed; advanced data you’ll need to know to
pass the exams; includes information on power sup-
plies, r-f oscillators, frequency multiplication and
r-f amplification, the radiating system, modulation,
and advanced principles of electricity, r-f, and a-f.
Includes sample questions for each exam. 3395
176 pages; 5% x 814". Order 20649, only .. ..

Electrical & Electronic Signs & Symbols

by Robert G. Middleton. This remarkable book is
more than a simple enumeration of the technical
symbols used in electricity and electronics. While it
describes and explains basic signs and symbols used
in schematics, abstract diagrams, graphs, mathe-
matical formulas, etc., it goes further, explaining
how symbols are constructed, how they are used to
convey meaning, and how they relate to what they
symbolize. Also covers dimensional analysis, ma-
chine or computer logic, and analogies. 3395
160 pages; 514 x 814”. Order 20633, only....

INSTRUMENTATION TRAINING COURSE
Vol. 1. Pneumatic Instruments

FEdited by the Howard W. Sams Technical Staff.
Covers theory, construction, alignment, installa-
tion, and operation of many types of pneumatic con-
trol instruments. Explains the basic principles of
link/lever mechanisms, pressure sensitive devices,
liquid level measurement, and flow measurement.
Describes self-balancing instruments and explains the
variations of moment-balance and free-balance
mechanisms. Describes pressure control using con-
trollers with proportional action, and reset and
derivative modes. Examines in detail typical ex-
amples of control instruments. Invaluable for in-
strument training programs; a handy reference for
all who are involved with industrial controls. 5895
192 pages. 814 x 117. Order 20621, only. ..

Thess and over 300 other SAME
Books are available from your local

Electronics Parts Distributor . . .

" HOWARD W. SAMS & CO., INC.
) 4300 WESY 62na ST + INDIANAPOLIS. INDIANA 46268
CIRCLE NO. 97 ON READER SERVICE CARD
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LETTERS
FROM OUR
READERS

NEWSRAD RADIO SfATIONS
To the Editors:

In vour April issue (“Reflections on
the News.” p. 24) vou covered the
Newsrad, Inc. system for broadeasting
up-to-the-minute  national  and  local
news to passenger planes prior to ar-
rival at their destination airports. In
your item vou closed with the conjec-
ture that the system might well be used
for advertising purposes. Under no cir-
cumstances will the Newsrad broadcast
to planes ever carry any advertising
matter of any sort. The service is for
the sole purpose of making available
the latest news to in-flight air-carrier
passengers and nothing else. We do not
in any way want to mislead vour read-
ers as to the concepts and policies of
our company.

Ricitarp Heanxeway
Pres., Newsrad, Inc.
New York, N, Y.

* * *

TECHNICAL-INSTITUTE GRADUATE
To the Editors:

I read with interest the article en-
titled “The Technical-Institute Gradu-
ate—How Does e Compare?” in the
April issue of ELecTroNics WorLn and
agree with the generai theme that in
many cases these individuals are neither
effectively recruited nor utilized. Ifoney-
well does, however, hire manv gradu-
ates of various electronics institutes and
uses these people in various capacities
throughout the company in which they
do make a real contribution.

My particular problem and the reason
for my letter is somewhat different. We
are interested in locating qualified en-
gineering technicians with a variety of
backgrounds ranging from chemical to
mechanical for work in our Materials
and Process Engineering R&D Labora-
tories. An education similar to that ob-
tained by the electronics technicians
described in vour article would, need-
less to sav, be invaluable. The problem
seems to be where do vou find these
people? In this regard, 1T am wondering
if vou or any members of vour staff
might have a listing of institutions,
trade, colleges, cte., that have pro-
grams of this nature in the physical
sciences or in chemical or mechanical
engineering, or if yon might know
where such a listing ¢ould be obtained.

www.americanradiohistorv.com

Information of this type would be most
helpful in recruiting suitable engineer-
ing technicians for our operations.

Dr. K. E. Sonle

Supervisor, Materials Engineering

Ioneywddl, Inc.

2600 Ridgway Road

Minneapolis, Minn. 55413

If any readers can help, please write
directly to Dr. Solic.—Editor
= ox %

SILENCE POLLUTION
To the Editors:

May T express my appreciation for the
article in vour March, 1968 issue on the
subject of noise and noise control. ! refer
to Mr. John Fryve’s column on “Silence
Pollution”.

1 have been a practitioner in this field
for nearly thirty vears, and like most
I have been firmly convinced of the
need for attention to the problem, and
discouraged at the difliculty in accom-
plishing any improvement. There hus
been an increase in receptivity toward
suggestions for improvement in the last
few years, which seems very encourag-
ing.

Mr. Frve might be interested to know
that at the May meeting of the Analysis
Tnstruments Division of the Instruments
Society of America, in the session on air
pollution, T presented a paper that is
titled, “A Stink in the Ear: Noise.”

Howarp C. ROBERTS
Urbana, Il1

Also, now that summer is here, our
heaches are Deing “noise-polluted” by
icenagers transistor radios. This has
hecome so much of a public nuisance
that there are a number of local ordi-
nances in cffect prohibiting such usc.
—Editor

* * *

COIL TUNING RANGE NOMOGRAM
To the Editors:

In my article “Coil Tuning Range
Nomogram” (March, 1968 issue, p. 36).
I deliberately avoided showing the
working equation or its derivation be-
cause it has been found that measured
results usually differ from results found
by calculations using  idealized com-
ponents. Items even more nebulous than
distributed capacitance, such as in-
ductance of hook-up wire, self-resonant
frequency of the external capacitance.

ELECTRONICS WORLD
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THE SHURE UNIDYNE IV is the newest and premier member of the
famed Unidyne family of true cardioid dynamic microphones which have
pickup symmetrical about microphone axis at all frequencies . . . in ali planes.
The Unidyne IV is so rugged that it can withstand a Karate chop. Reinforced,
cushioned cartridge withstands severe impacts and vibrations . . . the dia-
phragm can tzke the full force of a leather-lunged Karate yell! Trouble-free
Cannon-type connector. Exceptionally easy to service in the field. The strongest,
most durable Unidyne yet! Send for all the facts: Shure Brothers, Inc., 222
Hartrey Ave., Evanston, lll. 60204.

Availabin ‘0 models: Model 548 (hand-held), at $100.00 list; Model 548S (with On-Off switch and
swive .iector for stand use), at $105.00 list.

CIRCLE NO. 96 ON READER SERVICE CARD

@ 1968 SHURE BROTHERS, INC.
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15 CRYSTAL MARKERS
3 SWEEP RANGES
ONLY $135

SREED e EXVERNRL e MARELD

({" 3 k 3
&_ ) o ATHIKY TV POGTY MARREFYBWEEF GREMEFATON  Mans. R

New Heathkit 1G-57
Solid-State Color TV
Marker /Sweep Generator

The 1G-57 combines the features of both a post marker and a
sweep generator for less than you'd expect to pay for just
one of these functions.

e Three linear sweep ranges for TV tuned circuits in sound IF, color bandpass, video IF circuits
and proper overall RF /IF response o External attenuator provides 1. 3, 6, 10 and 20 dB steps up
to 70 dB maximum e Can also be used with external sweep or marker ¢ 15 crystal-controlled
markers provided for color bandpass alignment:; picture and sound carrier frequencies for
channels 4 and 10; FM tuner, FM [F and discriminator alignment: TV sound IF adjustments
e All crystals included » Completely isolated 1-15 VDC variable voltage supply for positive or
negative bias e Built-in 400 Hz modulation for trap adjustment and checking and adjusting FM
tuners ¢ Phase Control and Trace Reverse Switch so markers will appear from left to right as
in set manufacturer’'s instructions, regardless of ‘scope used e Blanking Switch eliminates
return sweep and provides base line ¢ Circuit Board Construction — three circuit boards, 27
transistors, 3 silicon diodes, 2 crystal diodes and 2 Zener diodes combine to make assembly
faster with less chance of error ¢ Bias and Scope Horiz. leads, Attenuator, Demod In, Scope
Vert., RF and Demodulator cables included in kit.

[ 0h (S5t [N 1500000000 6 0566660000060 600030000000680a0a0aa600 000006000300 $135.00

1G-57 SPECIFICATIONS — Marker frequencies: 100 kHz; 3.08, 3.58, 40.8, 4.50 MHz, =.017%. 107, 39.75, 41.25, 42.37
42.50, 42.75, 45.00, 67.25, 193.25 MHz =.005¢;. Medulation frequency: 400 Hz. Input impedances: External Marker,
Externol Sweep, & Attenuator — 75 ohm. Demod In — 220 k ohm. Output impedances: Marker Out, Sweep Output & At
tenuotor — 75 ohm. Scope Vert — 22 k ohm. Bios voltage: Positive or negative 15 volts DC at 10 milliamperes. Type of
marker: Birdie. Controls: Bias control with pull-on/push-off switch; Marker /Troce — dual concentric; Sweep Width/Sweep
Center — duol concentric; Morker Out — concentric with Sweep Ronge switch; Phose. Switches: Rocker type — separate
switch for each of the above listed frequencies; 8lanking, On/Off; Trace Reverse; Modulation On/Off. Transistor — Dicde
Complement: (19)-2N3692 transistor. (7)-2N3393 tronsistors. (1)-2N3416 transistor. {3)-silicon diode rectifiers. (2)-crystal
diodes. {1)-13.6 volt zener diode. (1)-20 volf zener diode. Sweep frequency ranges and output voitage: LO Bond — 2.5
to 55 MHz =1 dB at 0.5 volts RMS fundamentols, and 16.7 MHz on harmonics. IF Bond — 38 to 45 MHz =1 dB, at 0.5 volts
RMS, fundomentals. RF Bond — 64 to 72 MHz =1 dB ot 0.5 valts RMS fundamentals, and 192 to 198 MHz on harmonics. At-
tenuator: Totol of 70 dB of attenuction in seven steps — 1, 3, 6, 10, 10, 20 ond 20 db. Power requirements: 120 volts, 60
Hz AC ot 20 watts. Dimensions: 1334” W. x 514" H. x 12! 3" D.

DON'T NEED THE SWEEP?
The 1G-14 has the same features and
specifications — without the sweep.

Kit1G-14
12 ibs. shpg. wt.

$99.95

HEATH COMPANY, Dept. 15-7

Benton Harbor, Michigan 49022

[ Enclosed is §
Pease send model (s)

O Piease send 1968 Heathkit Catalog.

I
I
!
I
!
Name |
I
|
|
|

Free 1968
Heathkit Catalog

, plus shipping.

|

|

|
Describes these and over 300 other |
kits for test, stereo/hi-fi, color TV, |
SWL, Amateur Radio, CB, Marine, |
|

|

|

|

Educational, home and hobby. Save -

lease print
up to 50% the easy and enjoyable i prin)

Heathkit way. Just mail coupon or Address,
write: Heath Company, Benton . .
bt 0 City State Zip
Harbor, Michigan 43022. (Prices and specifications subject to change without notice) TE-182
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and others affect the results obtained.

Therefore, my approach was to start
with the basic resonant-frequency
equation, sketch the nomogram, and
then adjust it with empirical correction
factors 1 have developed from studving
the papers of various investigators, and
from my own laboratory notebooks and
those of my associates. However, 1
overcompensated in locating the C,
scale, and the answer in the example
appears to be 6.5 pF. The answer was
supposed to be 7.1 pF, a number which
1 used in the original manuscript. Ap-
parently, after I checked the proof, the
cditor noticed that the solution drawn
on the nomogram did not agree with
the 7.1 in the text and, assuming the
nomogram to be correct, he changed
the text.

The nomogram would appear as 1
had intended, with the empirical cor-
rection factor, if the C, scale were
physically slipped straight down about
%6 Inch so as to cause the example line
to cross at 7.1 as stated in my original
nmianuscript.

Do~xaLp VW. MoFrrar
San Diego, Cal.

* * *

ELECTRONICS MEMO PAD
To the Editors:

On page 14 of the March issue of
ELecrroxics WonLp (in “Radio & Tele-
vision News”) you speak about an elec-
tronics memo pad. You indicate in this
article that only one such unit presently
exists on the market. You refer to the
Grundig Mini-Memo.

For your information, I am enclosing
a chart of existing miniature dictating
and transcribing systems already being
sold in the United States. In addition to
these, a unit similar to the Mini-Memo
is ready for tooling by a U.S. manu-
facturing company in the New York
City area. Another unit is now being
tested by one of the American dictating
machine manufacturers and this unit is
scheduled for release within the very
near future.

We quite agree with you that this is
an important new market and should
grow very rapidly. Our company was
the first to introduce a pocket-sized
exccutive recorder, the Memocord. This
wiit was introduced in the United States
about seven years ago and is still being
sold.

H. L. BanxaanpT

Sales Manager

Office Machines Division
Audio Applications, Inc.
Englewood, N. J.

Reader Barnhardt's chart includes, in
addition to the Memocord K-60, the Fi-
Cord 300, 1BM 224, Norelco 85, and
Stenorette EN-11. Most of these units
are somewhat larger and heavier than
the unit described in our column.—
Editors A

ELECTRONICS WORLD


www.americanradiohistory.com

When X-Ray Photos . . .

of a skull were transmitted 210 miles over telephone lines hetween Wausau, Wisconsin and Chicago.
technical and medical men stopped to listen . .. and look. Perhaps the most surprising thing was not what
had been done, but how. The successful experiment was conducted by General Telephonc Company of
Wisconsin with ordinary, everyday equipment. A positive was made of the x-ray negative and put on a
Telephoto machine used every day by United Press International. 1n Chicago. a Telephoto machine made
a negative of the transmitted image. According to Dr. Jacoly Martens of the Wausau Clinic, the repro-
duced picture was of diagnostic quality.

This accomplishment is ol tremendous significance 1o the medical profession for it means that the ser-
vices of a radiologist—a doctor who specializes in reading x-rav photographs—is just a phone call away.
In many parts of the country, local phvsicians who need x-ray photographs interpreted must send them to
the nearest specialist by mail. This procedure can take days.

The feat is also important to the phone company for it means that they have at last developed quality
terminal and transmission equipment. Heretofore, the noise generated by switches and the like has made
the transmission of fine-detailed pictures over telephone cable virtually impossible. Although much work
remains to be done hefore the technique can be considered as reliable as thie transmission ol electro-cardio-
grams by wire, it is new evidence of improved medical care through electronics.

The new fronticr for medical electronic development might very well be Israel, claims Dr. Leon Rieb-
man. president of American Electronics Laboratories. Recently, Riebman, who is also chairman of the
United States delegation to the subcommittee [or science-based industries at the Prime Minister's Con-
[erence, predicted that “‘the availability of high-quality, low-cost medical research personnel and re-
scarch centers in Israel will revolutionize the medical electronic equipment field”.

Dr. Riebman’s assertions were hased on his assessment of the attitudes of professional medical men in
the U.S. and in Israel. Apparently, the average American doctor would rather conduct a practice, pri-
vately or otherwise, hecause dollar rewards are much greater than in the research field. In Israel, it’s the
other way around. There are twice as many doctors per capita as in the U.S. and they prefer research
work. In addition to AEL, a number of U.S.-based medical electronics companies have set up or are ne-
gotiating for plants in Israel. Among them are Mennen-Greatbateh Co. and Star Dental Manufacturing
Co. There is just one hitch. Since the June war, Israel has suffered {from a shortage of electronics engineers.

The Fidelity of Long-Haul Communications . ..

July, 1968

has always been a problem to military and commercial carriers alike. Analog signal transmission re-
quires boosters {at predetermined spacings between major sulistations) to assure intelligibility; digital
signals require the use of multiple telephone channels. Both are costly in spectrum space as well as cash.
But the very nature of digital signals makes them more reliable for transmissions. The digital signal is
either present or absent at the receiver. and ambiguities inherent in analog signals do not exist.

Recently. Radiation Inc.. a company in Melbourne, Fla.. announced a new technique for digital voice
transmission, called RACE (Radiation {daptive Compression Equipment). RACE is a system designed
to meet the particular problems posed hy voice communications—the need to transmit in real-time, vari-
ations in signal quality. optimum voice quality, and recognition. Most importantly, the system adjusts au-
tomatically the inherent wide-band digital signal (typically 18 kilobits per second) to the narrow band-
widths of standard telephone (4-kHz military and 3-kHz commercial) lines. The principal difference be-
tween RACE and other voice-compression techniques is its ability 1o reject the redundant portion of vaice
waveforms and thus use [ewer samples.

Briefly, here’s how RACE works. The operation starts with a man speaking into a regular desk tele-
phone set. The signal is fed to a presence detector and an a. g. c. amplifier which normalizes the level
of the analog wavelorms (within =1 dB). The signal is filtcred—to eliminate spurious noise—sampled
and converted to a digital stream. The digital stream passes through a reducer where redundant samples
are eliminated; and a huffer memory which converts the output from parallel to serial. The resultant 9600
hits/sec signal is then sent to a modem where it is pulse-amplitude modulated and transmitted over stan-
dard voice-grade telephone lines. At the receive end, the information is demodulated and reconstructed
into the original analog voice signals.

15
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Although the RACE system was developed to provide a high-quality. secure long-haul communications
capability for the military’s Defense Communications Agency (DCA), its real value lies in future com-
mercial applications—computer-to-computer communications. facsimile. and document transmissions. It
should be noted that a digital voice transmission system has the potential of significantly lowering the cost
of long-haul communications. For example, a 240-kHz multi-channel communications system from New
York to Melbourne, Fla. costs $128,000 per year to lease. With the adaptive digital technique, the cost
can be reduced to about $16,000.

Confusion and Lack of Security . ..

Commercial

in police communications systems were startlingly evident in Memphis when an unauthorized radio call
turned police cars in the wrong direction while chasing the alleged killer of Dr. Martin Luther King. James
Farl Ray; it was again evident in New York and numerous other cities across the country during the riots
that exploded in the wake of the assassination. There is not enough spectrum space and there are too
many radios. Cities whose police departments had 200 mobile communications sets a conple of years ago
have doubled and tripled that number. Overnight, many cities add another 100 sets by equipping their
foot patrolmen with walkie-talkies. In an emergency, all of these stations fight hard to he heard. utilizing
little or no communications procedures, and no scheduling. The result is a cacophony of garbled voices
and missed or misunderstood messages.

What can be done about it? Well one answer is more spectrum space. But another, and even more im-
portant answer, is better utilization ol the spectrum that is already available. To this end. General Elec-
tric’'s Communications Products Departiment has developed a direct mobile-to-computer access system
which it claims lightens the loads of both police dispatcher and the mobile patrolman.

The benefits of a system like this are immediately obvious. Patrolmen in cars equipped with a compu-
ter terminal (coders, keyboard, and printer) could, without the necessity of voice transmission. obtain
information on stolen property, known criminals, missing persons, etc., directly from the computer’s
memory bank. And since the computer’s messages would be carried by frequencies other than those as-
signed to voice transmissions, more spectrum space would be available. There are a couple of hitches. The
Federal Communications Commission has been slow making channel space available, and many police de-
partments are having budget problems. But the efliciency of our police departments must he raised now.
Law enforcement agencies cannot afford to wait for Federal grants to improve their departments. Perhaps
the cities should try working closer together in sharing the expenses of developing a universal system, good
in any part of the country.

Inertial Navigation Systems ...

for airliners have been as elusive as flying saucers. They’ve been so expensive and so wracked with
technical problems that one airline company dropped an inertial guidance development program. Recently,
Litton Industries and American Airlines announced that A4 has become the first commercial carrier au-
thorized to use an automatic inertial navigation system. According to A.4, the Litton LTN-51 will go into
service aboard the 707-323C cargo jets flying the 5000-mile transpacific run in support of the Military
Airlift Command. American also has an application pending to provide passenger and cargo service to
other Pacific areas such as Hawaii, Tokyo, and Manila.

The announcement is doubly important due to its effect on other over-ocean aircraft. The ill-fated
Sperry SGN-10 system in which Pan American, Alitalia, and other airlines were interested, figured to
cost about $110,000: the AC Electronics Carousel system for the Boeing 717 is expected to cost slightly
under $100.000 (AC beat both Sperry and Litton for the Boeing award) ; but American says the LTN-51
will cost about $75.000. Pan American, which has rejected the SGN-10, was also testing a Litton inertial
system, but decided to go back to Doppler radar for long-distance navigation.

Some Thoughts . ..

16

about things going on. As a group, enginecrs and scientists are unhappy with their jobs; 715 feel their
talent is misused; 539 say they're improperly prepared for promotion; and 609 feel they are regarded
as a commodity to be let go without concern for their wellare if husiness is poor. .. ... National Bureau
of Standards has developed an accurate means of measuring r. [. power. It's a dry-load calorimeter that
extends the measurement range downward from 50 mW to 10 mW, reduces the measurement time to about
2 minutes, and can feed automatic digital readout and recording equipment. . . . Cornell Aeronautical
Laboratory, Inc. has developed a radar technique which can detect and track bullets. Cornell says the
system could be used to locate snipers during urban disturbances and to protect VIP’s from assassins. A

ELECTRONICS WORLD
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Learn I.C.’s...Build this new
RCA Audio Amplifier Kit

RCA’s new Integrated Circuit Experimenter’s Kit,
KD2112, is the first of its kind. You get a “short course”
in integrated circuits, and you can build a 500-milliwatt
audio amplifier or a variable-tone audio oscillator.

The heart of this new “all-parts-included kit” is an RCA
linear integrated circuit — a multipurpose wide-band
audio amplifier — containing the equivalent of 7 tran-
sistors, 11 resistors, and 3 diodes.

Each kit comes with a 20-page manual which gives
complete step-by-step kit construction details. An extra
1.C. “chip,” with case removed, is also supplied so that
its circuitry can be examined.

RCA's new Integrated Circuit Experimenter’s Kit
KD2112 is available from your RCA Distributor. Ask him
forit, and learn more about |.C.’s.

RCA Electronic Componenis, Harrison, N. J. 07029
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“He's a good worker.
I'd promote him
right now if he had
more education
1n electronics.”

Could they be talking about you?

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

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

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

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

CRE!I Programs cover all important areas of elec-
tronics including communications, radar and sonar,
even missile and spacecraft guidance. You're sure to
find a program that fits your career objectives.

ELECTRONICS WORLD
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You're eligible for a CREI Program if you work in elec-
tronics and have a high school education. Our FREE
book gives complete information. Airmail postpaid card
for your copy. If card is detached, use coupon at right
orwrite: CREI, Dept. 1107G, 3224 16th St., N W Wash
ington, D.C. 20010. N

Founded 1927

Accredited Member of the National Home Study Counci!

July, 1968

CREIl, Home Study Division
McGraw-Hill Book Company

Dept. 1107G, 3224 Sixteenth Street, N.W.
Washington, D.C. 20010

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

NAME AGE

CITY. STATE ZIP CODE

EMPLOYED BY.

TYPE OF PRESENT WORK d G.I. BILL

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

|
|
|
|
|
|
i
|
| Aooress
|
|
|
|
|
|
|
|
|

APPROVED FOR TRAINING UNDER NEW G.l. BILL

21

www.americanradiohistorv.com


www.americanradiohistory.com

s W
LAB:TESTED

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK LABS

Acoustic Research Stereo Amplifier
Schober LSS-10A Speaker System

Acoustic Research Stereo Amplifier
For copy of manufacturer’s brochure, circle No. 34 on Reader Service Card.

ROM past acquaintance with the AR
design philosophy, we can deduce
some of the design goals for its new in-
tegrated stereo amplifier, the company’s
first electronic product. First, it must be
simple. Gadgetry and frills have never
been a part of AR thinking. It must be
reliable and fool-proof. (A two-year
guarantee, covering parts, labor, and
transportation both ways leaves no room
for poor design or sloppy quality con-
trol.) The amplifier must be powerful;
AR speakers thrive on drive levels that
would destroy many lesser speaker sys-
tems. Furthermore, it must deliver its
optinlum perforinance with 4-ohm loads
(the impedance of the AR-3 and AR-3a
speakers) yet not compromise its per-
formance at higher load impedances.
In addition, it should have the usual.
virtues of low distortion and noise and
complete stability. It should be free from
pops and clicks when it is turned “on”
or “ofl” or when its controls are operated.
Iinally, it should be priced low enough
to be a clear bargain in the marketplace.
The AR amplifier is all of these things
—and more. It is an all-silicon solid-state
integrated amplifier, measuring (in the

optional wooden cabinet) 15%” wide X
4%” high X 10” deep. Its rated contin-
uous power output per channel with both
channels driven, is 60 watts into 4 ohms,
50 watts into 8 ohms, and 30 watts into
16 ohms. Tts IM distortion is rated at
less than 0.25% and its harmonic distor-
tion at less than 0.5% from 20 to 20,000
Hz, at any power up to rated maximum.

The input selector has three positions:
Phono, Tuner, and Tape (high level).
There is a tape-monitor switch for use
with recorders having three-head mon-
itoring facilities. The tone controls (con-
centric, with slip clutches for individual
channel adjustment) have excellent
characteristics. They are designed to
supply loudness compensation for low-
level listening, independent of volume-
control setting. They can modify the
response at the frequency extremes with-
out affecting the mid-range response
significantly. The manufacturer states
that it is virtually impossible to produce
an unnatural sound quality with these
tone coutrols, and we agree. Their un-
usual effectiveness invites regular use
and, although we take a dim view of
tone controls, these are an exception

The stereo-mono switch is concentric
with the balance control. A third position
(Null) on this switch combines the two
channels with the phase of one reversed,
producing a null in the electrical output
at the balance point. This does not nec-
essarily result in a balanced acoustical
cutput from the speakers, but it does
assure that the two channels are bal-
anced electrically.

The amplifier has a separate power
supply that energizes all circuits except
the output stages whenever the amplifier
is plugged into the a.c. line, even though
it is switched “off”. This keeps all capac-
itors charged to their normal operating
level and completely eliminates pops or
thumps when the amplifier is turned “on”
or “off”. In normal operation, this supply
is overridden by the regular power sup-
ply. The power amplifiers are driven
through input transformers and are di-
rect-coupled to the speakers, without
blocking capacitors. The power transis-
tors are protected by thermal circuit
breakers that interrupt primary power if
they become overheated. The speaker
lines are individually fused.

Our laboratory tests showed the highly
conservative rating of the amplifier. At
50 watts per channel into 8 ohms, the
distortion was under 0.15% over mosi
of the frequency runge, and under 0.25%
even at 20 and 20,000 Hz At lower
powers, distortion was even lower. At
1000 Hz, the harmonic distortion was
about 0.17% under 1 watt, less than
0.12% in the 5- to 60-watt region and
0.5% at 70 watts (the rated power at 8
ohms is 50 watts). [\ distordon was o!
similarly very low proportions. Into 4-
chm loads, the amplifier delivered a stag-

(Continued on page 68)
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Silicon

Power
Transistors

In addition to 20-Amp devices, Soli-
tron has now expanded its line of
PNP Power Transistors with a 10-
Amp and 5-Amp Series. Both Series
have a voltage breakdown range of
40 to 120 Volts. All have direct
complements available.

4 Eolitron

10-AMP SERIES

MAXIMUM RATINGS PRIMARY ELECTRICAL CHARACTERISTICS (T¢ =25 C)
Type h Veelsat) V ae(sat) | cex tr
' Number Veex Veeo Vepo 4 Volts Volts A MH z
Q_ l;?ﬁ:d Volts Volts Volts I = 10A I --5A Ic =5A I = 5A Vee — I.=10A

¢ A5k Vee= —5V | Vee —5V | la=05A lp=05A | RatedVeey | Vee— —10V
qq _‘_-_fﬁ‘p Min. Range Max. Max. Max. Min
SDT3105 — 40 —40 —6 10 3090 | 1.0 120 10 30
l:g?ﬁg i é SDT3106 60 60 -6 10 090 | 10 -20 10 30
2N5316 80 80 6 10 30-90 1.0 ~20 10 30
2N5318 100 100 -6 | 10 30-90 1.0 —~20 10 30
SDT3109 120 120 —6 | 10 3090 1.0 20 10 30

S-AMP SERIES
MAXIMUM RATINGS PRIMARY ELECTRICAL CHARACTERISTICS (Tc—25C)
Veelsat) Vae(sat) | cex fy
Nzﬁser Nzﬁger Veex Veeo Veso re ‘\:/2"5 t\;/f)lts fi MH 2
105 TO-111 Volts Volts Volts 1c=5.0A lc =20A le =20A lc=—2.0A Vee le=0.2A

Isolated Vee=-5 | Vee=-5V | 1a=02A | 1g=02a | RatedVeex | Vge—-10V
T0-111 Min. Range Max. Max. Max. Min.
Isolated [ soTssal SDT3301 —40 —40 -6 10 40-120 -1.0 —-22 10 40
SDT3322 SDT3302 60 -60 -6 10 40-120 -10 22 10 40
e SDT3323 SDT3303 —80 -8 -6 10 40-120 -10 22 10 40
3 Bl SDT3324 SDT 3304 ~100 -100 -6 10 40120 -10 —22 10 40
T SDT3325 SDT3305 —40 —49 -6 5 20-60 -1.2 -25 10 40
SDT3326 SDT3306 —60 —60 -6 5 2060 -12 —25 10 40
SDT3327 SDT3307 | —80 —80 -6 5 2060 -12 -25 10 40
SDT3328 SDT3308 1 —100 —100 -6 5 20460 -12 -25 10 40
| | SDT3329 SDT3309 [ ~120 —120 -6 5 2060 -12 25 10 40

| Dial 1-800-327-3243 for a “No Charge” telephone call
| and further information

 Whons youe thind o somiondictons. T el
el & 11 [1((1]]
DEVICES, INC.

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLA./ TWX: (510) 952.6676

CIRCLE NO. 199 ON READER SERVICE CARD
July, 1968 23
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Now-it's easy to make recordings of children

WITH POPULAR PHOTOGRAPHY'S UNIQUE NEW RECORD ALBUM

“TONY SCHWARTZ ON HOW TO RECORD-THE SOUND OF CHILDREN"

To instruct you in the techniques of recording children's
voices, the editors of Popular Photography asked famed
sound authority Tony Schwartz to prepare this special record,
available exclusively and by mail only through Popular
Photography magazine and other Ziff-Davis publications. By
listening to it you can quickly acquire the skills needed to
make top-quality recordings of youngsters—thus preserving
permanently the sound of their voices,

YOUR TEACHER: AN EXPERT'S EXPERT

You couldn't have a better instructor than Tony Schwartz.
A pioneer in the use of portable tape recorders, he has been
capturing the sounds of actuality for 23 years. You've read
his monthly column in Popular Photography. Now hear him
explain and illustrate in provocative recorded demonstrations
the working methods that have helped him to become the
world’s No. 1 sound collector.

SIMPLE, COMPLETE INSTRUCTIONS

In addition to the tips on

HEAR ACTUAL DEMONSTHATIONS OF

B A lape recording bafore and
aftar E_d'il:-r.g.

B The sourtd of 3 hattery-onerated
recorder at throe tape 5péed5_
I ei-3% and i inches par
cgacnad,

B The improvement m fidelity
when a guality miciophone
replaces the miks supplied as
B recorder's stapdard
B L RmEnt.

B How to reduce unwanted noise
while recarding:

B Acoustics: the sound of sound
In the living room, kitchen,
hallway, and stroat,

B Iimproving seund quality by
re-recording a tape.

selecting and using equip-
ment, you learn how to
create complete sound
stories with children—even
recreate a situation that has
already taken place! Actual
sound demonstrations en-
able you to hear the effects
of various tape speeds,
microphones, and acoustical
conditions. You also learn
how to eliminate unwanted
noise and to improve your
tapes by re-recording them.
In less than one hour, you
get the benefit of years of

experience and recording
know-how!

EXTRA!

You'll be intrigued and thoroughly entertained by Side Il of
this superb new album. It's devoted entirely to three of Tony
Schwartz’s most famous sound essays, all acclaimed as
“works of great artistry that will surely be enjoyed by anyone
who enjoys and appreciates the sounds of children.’”

“CHILDREN AND GOD'"—a fascinating composite of thoughts
expressed by youngsters of various religious faiths. Their
naively reverent concepts of God, heaven, good and bad, and
prayer will be a revelation 1o you. This unique presentation
is unlike anything you have ever heard before!

“NANCY GROWS UP”—a remarkable sound portrait of a girl's
developing personality. In just two minutes, you hear her
voice from 20 minutes after her birth, through the years unti!
she's 13—when she reveals: “I've discovered boys!"”

“SOUND SNAPSHOTS”—a potpourri of chuckles . . . once-
in-a-lifetime sayings that could come only from the mouths
of babes. These uproarious remarks, all said in the innocence
of childhood, include delightfully ingenuous observations
like these:

“I'm so hot I'd like to take my skin off!”’

‘] had growing pains yesterday."”

““You go up in heaven when you die. You don’t have to

pay taxes, or anything—I'm positive.”

24

A POPULAR PHOTOGRAPHY PRESENTATION A e
TONY SCHWARTZ DN HOW T0 RECORD

(T ERSIUNDROREGHIISBHEN

The famed euthartty an sound teechies Fai hesy T ke lapa
recordings af the precious. leetng momasta of chiflisod.
i ; : skl folit,

alineg:
... PLEES G of Tory Schwarts's eefoarabted snpnd easpye

A high-fidelity 12-inch, 333 RPM long-playing vinyl album manufactured by the
Custom Services Division of Capito!l Records.

. plus many more that will make you howl with laughter!
You and your friends will enjoy listening to all of these enter-
taining essays in sound again and again.

Free INSTRUCTION BOOKLET WITH
EACH RECORD ALBUM

Packed with valuable facts, it contains scores of helpful
tips you can use to make betler, more interesting record-
ings - information that supplements the instructions in
the record. And it's yours if you place your order now
for “Tony Schwartz on How To Record—The Sound Of
Children."”

Get the most out of your recording equipment by discovering
the easy way to make tapes that you'll always treasure. This
instructive and entertaining album should be owned by every-
one within the sound of a child's voice and laughter. The
special low price is:

only $4.98 postpaid
ORDER YOUR ALBUM TODAY

““The Sound of Children” I
P.0. Box 3112
Church Street Station, New York, N.Y. 10008
I Please send . “Sound of Children' albums at $4.98 I
each, postpaid.
I My check (or money order) for $ is enclosed. I
(Outside U.S.A. please send $7.00 per record ordered.)
I N.Y. State residents please add local sales tax. I
Name
I Address EW-78 I
I City I
I State Zip Code I
PAYMENT MUST BE ENCLOSED WITH ORDER
h 5 N N N 5 5 ¥ B F ¥ §F |

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

Particle

KFind a

By JOIIN IRR. COLLINS

Aeeelerators _

New World

Closeted deep within the recesses of research laboratories. particle
accelerators have been used almost exclusively for theoretical studies.
Today, industry is busy developing new materials with this old tool.

HE 33 billion electron volt {GeV) synchrotron, the

world’s most powerful particle accelerator, is at the

Brookhaven National Laboratory on Long Island.
Soon it will be dwarfed by a 70-GeV Russian accelerator
now nearing completion at Serpukhov. U.S.S.R. And, if our
own government’s plans materialize. both of these machines
will be overshadowed by a huge 200-GeV unit to be con-
structed at Weston, Illinois.

Hopefully, the accelerators at Serpukhov and Weston
will uncover new clues to the nature of matter—a subject
that has become increasingly complicated as new elemen-
tary particles continue to be discovered. Already experi-
ments are being devised for the new machines that may
establish the reality of “quarks”—the hypothetical sub-
atomic particles that some physicists believe are the blocks
from which all other particles are built.

While super accelerators are engaging the attention of
many high-energy physicists, interest in smaller machines
is also increasing. Some instruments which were used al-
most exclusively for research, such as those in a range
from about 100 keV to 20 MeV, are now finding novel in-
dustrial, scientific, and medical applications (Fig. 1). These
activities have resulted in the development of a number of
new products and improved processes. Although it is too
soon to anticipate what future developments will bring, the
number of applications is almost certain to multiply in the
years to come.

Radiation Chemistry

Research in radiation chemistry (an ahmost unexplored
field) has been spurred by the discovery of new kinds of
chemical reactions that cannot be duplicated by other
methods. In conventional chemistry, heat transfer is intro-
duced to promote molecular activity and thus increase
the probability that a chemical reaction will occur. Typi-
cally, the heat is evenly distributed throughout the system
and the energy imparted to any one molecule is compara-
tively small. But when a substance is irradiated with elec-
trons or gamma radiation, energy is applied directly to the
molecules of interest and little or none to other molecules.
The affected molecules may thus be raised to any number
of possible excitation states in which electrons jump to

July, 1968

orbits farther and farther from the nuclens. This makes the
formation of new chemical bonds more probable.

If a fast electron passes close enough to an atom. it may
cause the atom to lose one of its orbital electrons. creating
an ion. But because of the way the atom receives and loses
energy, the ion has a very short life since it tends to react
immediately with other particles near it. When a complex
molecule is bombarded by accelerated particles, an atom
may be dislodged and, if the change takes place fast enough.
there is little alteration of the molecular structure. Rasical-
ly, reactions produced by particle bombardment are more
controllable than those produced by heat energy, since the
energy can be instantaneously applied and withdrawn, or
concentrated on a single atom of a molecule.

Among the byproducts of electron bombardment are
atoms with unpaired electrons, called free radicals. The life
span of these fragments is extremely short, usually measured
in milliseconds. They are studied through the use of a
source capable of delivering concentrated radiation in short
pulses. Although these reactions are difficult to predict,
they constitute an important field of research in radiation
chemistry.

The radiation dosage needed to accomplish a given re-
sult is based on the amount of energy absorbed per unit of
material. The standard measure is the rad, defined as 100
ergs per gram. For practical calculations it is convenient
to remember that one kWh is equivalent to 800 rads per
pound.

New Plastics

Trradiation can be used to convert simple compounds, or
monomers, to more complex compounds with superior
qualities. In this process, called polymerization, the mole-
cules are united to form a new substance which has the
same ratio of elements as the mononier but a higher molec-
ular weight. Resins and rubber as well as plastics may be
svnthesized this way.

Plastics can be further improved through a process called
crosslinking. The benefits of crosslinking may be illustrated
by reference to polyethylene, a material made up of long
chains of carbon and hydrogen atoms. In its natural state,
the molecules in each chain are linked by carbon atoms

25
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Fig. 1. Some applica.ions o} partzle accelerators.

\ # — “c';,\‘
o

4 “/“th

\ ’r "&C/c'\“

"\4 /“‘c/“
@l><

Y

W _— '° . \\c/
N lq“ Y 58
- ¢

~—

x.,,_t

g

/"

-0l

Xo
0.
R

y

Y\/ 3
¢
M
W B
h) " \o,’r
AN
Fig. 2. When polyethylene is irradiated, hydrogen atoms are
removed and the ionized carbon-hydrogen chains crossiinked.

oF

and there is no true chemical hond between the individual
chains. But when the material is irradiated, some of the
hydrogen atoms are ejected from the chains and pass into
the atmosphere as hydrogen gas. The remaining ionized
carbon atoms wiite in a strong, chemical bond (Fig. 2).

Although relatively few molecules are crosslinked, cross-
linking produces dilferences in the properties of the poly-
ethylene. The melting point is increased from about 135° C
to 325°C—an extremely important property for military
and space use. Perhups' the most interesting feature is the
“shrink memory” which irradiated polyethylene and several
materials exhibit. When heated above the melting point of
unirradiated polvethylene (135° C), the material can be
stretched into any desired shape and, when cooled, it will
retain that shape. 1f it is again heated above 135° C, how-
ever, it will return to the shape it had before it was
stretched.

Irradiated polyvethvlene has a number of practical uses.
For example, it can be used to make plastic packages for
foods and other products since a little heat will cause a
previously stretched polvethylene container to shrink und
fit tightly around its contents. In the electrical industry,
tubes made from polyethylene provide moisture-proot seals
for connectors and splices. The tubing is made large enough
to fit easily over the connections in its stretched state, but
forms a snug seal when heated.

In the textile industry, attempts have been made to cross-
link dissimilar fibers and obtain materials that incorporate
the best characteristics of each. Crosslinking has also been
tried on wood. A soft wood, such as pine, is soaked in a
monomer and then subjected to gamma radiation. The re-
sult is an extremely hard wood that is almost impervious to
scratches or burns.

26

Curing of Coatings

A new system for curing coatings by irradiation with
fast electrons may eventually replace previous methods of
coating materials for protection and decoration. The tech-
nique is applicable to wood, paper, textiles, concrete, and
aluminum, but it is of especial interest to the automobile
industry because of the vast amount of sheet steel that
must be coated. Oxygen tends to absorb the free radi-
cals produced by irradiation and inhibit polymerization, so
until recently an inert atmosphere was required to produce
a satisfactory cout. This difficulty has been overcome and
it is now practical to perform the complete radiation curing
operation in air at ambient temperature within just a few
seconds.

From an industrial standpoint, irradiation curing offers
a number of additional advantages. The accelerator instal-
lation, in size and operating cost, is far smaller than the
huge drying ovens normally used. Also, a cheaper acrylic
monomer can be used instead of the customary acrylic
polymer, since the monomer is polymerized in the irradiation
curing process. In addition, the solvent which represents
about 60 percent of ordinary acrylic paint is unnecessary
because bonding is accomplished without the need for a
carrier. Another advantage is that adhesion to the sub-
strate surfaces is better. In many situations the radiation
brings about a true chemical bond between the coating
material and the substrate, producing a monolithic mate-
rial. Finally, irradiation causes crosslinking of the molecules
in the coating, thus producing a tougher material with a
higher softening temperature and greater resistance 10
scratches and chemicals,

A particle accelerator designed especially for curing is
made by Radiation Dynamics Inc. (Fig. 3). The same tvpe
of accelerator may be used to fast-cure adhesives.

Medical Applications

Particle accelerators provide the high-energy x-ray beams
needed for the treatment of deep-seated tumors. Ma-
chines intended for medical use have potentials in the range
of 4 MeV to 8 MeV. In addition to the high energy re-
quirement, the machine must have the capubility of focus-
ing the x-rays into a very narrow beam. This is done to
concentrate maximum radiation on the desired area with-
out affecting neighboring tissue. Fig. 4 shows a particle
accelerator manufactured by Varian  Associates  specifi-
cally for medical x-ray treatment. The accelerator is de-
signed to focus the x-ray beam on the sume spot while the
apparatus is revolved completely around the patient. In this
way, it is possible to apply the maximum amount of radi-
ation to the tumor while keeping the dosage absorbed by
other tissue within safe limits.

Another important use of particle accelerators is in
production of short-lived isotopes for analysis, diagnosis, or
therapy. Many of these have such short lives that hospitals
find it impractical to obtain them from outside sources and
must produce them in their own facilities. The half-life
(the average time required for half the atoms of a rudio-
active substance to lose their radioactivity by decaying into
stable atoms) of iodine-129, for example, is only 25 min-
utes, and that of magnesium-27 is about 10 minutes.

Many medical devices that cannot withstand either
chemicul or thermal treatment can be sterilized by irradia-
tion. Among the candidates for such processing are medi-
cines, bandages, surgical sutures and sponges. Teflon arter-
ies, gloves, and instruments. Sterile conditions can he
assured by irradiating both the package and its contents
after the items have been sealed in their containers,

Semiconductor Processing

Several methods have recently been devised to produce
superior semiconductors through the use of irradiation. The
lattice structure of the silicon in transistors, for example,

ELECTRONICS WORLD
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Fig. 3. When completely assembled, this particle accelerator
will be used to cure acrylic monomers and to bond adhesives.

can be altered by bombarding the devices with 1-MeV elec-
trons. Some of the silicon atoms are knocked from their
normal position in the lattice, leaving vacancies and inter-
stitial atoms. This change in structure has the effect of re-
ducing carrier lifetime, thereby increasing the switching
speed of the transistors. While it is true that gain suffers
in the process, electronic designers may find it desirable
to sacrifice gain for speed.

Particle accelerators capable of handling isotopes are
being used to dope semiconductors used in many critical
applications. The doping process can be precisely con-
trolled since the depth of penetration of an ion beam is
determined by the target material, the nature and energy
of the incident ion, and the angle of incidence. If the
energies of the ions exceed 50 keV, useful junctions can
be formed without “channeling” along preferred crystal
planes. In practice, spectroscopically pure boron-11 and
phosphorus-31 ion beams are accelerated to energies be-
tween 50 keV and 400 keV to produce p and n layers,
respectively, in silicon. Such junctions may be formed
through a passivating surface oxide. State-of-the-art solar
cells, radiation detectors, unipolar field-effect transistors,
and bipolar transistors have been produced in this manner.

A related process involves neutron bombardment of sili-
con-30. When the p-type silicon-30 absorbs neutrons, it is
transmuted into n-type phosphorus-31. The distribution of
the neutrons is controlled by placing strips of neutron-ab-
sorbing cadmium in desired patterns over the silicon, per-
mitting distinct p-n-p sandwich configurations to be formed.
The shaping of the p and n regions thus obtained cannot be
achieved by conventional methods.

Industrial X-ray

Particle accelerators can provide the extremely high-
energy x-rays needed to make x-ray photographs of heavy
castings. These radiographs are used to detect subsurface
flaws that might prove costly if undisclosed. An even more
demanding application is in the inspection of missiles. Accel-
erators having energies up to 25 MeV have been developed
to provide the x-rays needed to inspect the propellants of
missiles such as the Polaris and the Minuteman. They look
for defects that exist deep within the propellant or at the
bond between the casing (missile) liner and the fuel. A
flaw at either location would affect burning rate and thus
flight trajectory.

The Food Industry

Irradiation can be used to prolong the shelf life of foods.
This method is especially attractive in parts of the world

July, 1968

where refrigeration is scarce, but it also is important here
in the United States. For example, the New England fishing
fleet loses a large part of its catch because the fish be-
comes unsuitable for human consumption before it can be
brought to market. A relatively small dose of radiation,
however, will triple the shelf life of fish, shrimp, and
clams.

The Food and Drug Administration regulates radiation-
processed food. Before permission is granted to irradiate
food, evidence must be submitted that the irradiated food
is safe for human consumption, that the radiation is no
higher than needed to accomplish the desired effect, that
the food itself is not radioactive, and that the process is
safe and effective under simulated commercial conditions
with no significant adverse effects on flavor, odor, texture,
or appearance.

Among the projects already approved are the sterilization
of bacon, the insect deinfestation of wheat and wheat flour,
and sprout inhibition of white potatoes. Some companies
have applications pending for permission to use radiation
to sterilize ham; to reduce spoilage and extend shelf life
of oranges and strawberries, and to soften and reduce cook-
ing time of dehvdrated vegetables. Future plans include
sterilization of almost all meats and meat products, spoil-
age reduction of many fruits, sprout inhibition of onions,
and shelf life extension of many kinds of seafoods.

.. 5
Radiation Sources

There are many ways to obtain the high voltage needed
for particle acceleration. The choice depends upon how
much energy is required and whether the radiation must be
continuous or pulsed. Often, an accelerator may be used
to supply fast electrons or, through the use of a tungsten
target, high-intensity x-rays. Some accelerators can also be
used for ion acceleration if they are fitted with a suitable ion
source.

A high-current d.c. accelerator, made by Radiation
Dynamics Inc., utilizes a cascaded rectifier system in
which a high-frequency oscillator and parallel driver rec-
tifiers provide the high voltage. Called the Dynamitron,
the accelerator is capable of achieving energies up to 3
MeV. The principle of operation is shown in Fig. 5. Two
large r.f. electrodes are placed inside a cvlindrical pressure
vessel and are capacitively coupled to corona rings mechani-
cally attached to each rectifier tube. A high-pressure dielec-
tric gas provides insulation. The r.f. potential across each
of the rectifiers and the direct-component currents add in
series to establish the desired d.c. potential at the output
terminal. Charged particles are produced by an electron
gun and are accelerated through an evacuated bean tube.
The accelerator used to process surface coatings (Fig. 3)
is one type of Dynamitron. Similar accelerators are made
in different configurations to handle other jobs.

A recent addition to the field of accelerators is the ICT
(Insulating-Core Transformer) made by High Voltage Engi-
neering Corporation. Like the Dynamitron, it has no

Fig. 4. A particle accelerator manufactured by Varian Associates

specifically for x-ray therapy. The x-ray beam remains focused

on the same spot while the apparatus revolves around the patient.

__-X-RAY sOURCE
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Fig. 5. This diagram shows the cascaded rectifier system which
generates the high voltage for Dynamitron particle accelerator.

moving parts. Essentially, an ICT is a three-phase power
transformer with multiple secondaries, each of which is
insulated from the other. The alternating current in each
secondary is rectified, and the individual d.c. outputs are
connected in series. An advantage of the ICT is that volt-
age can be transferred from a physically separated power
source to the acceleration syvstem by means of a flexible
cable or rigid transmission line. Up to three accelerating
tubes may be remotely located and powered by a single
ICT.

One of the carliest high-voltage devices, the Van de
Graalf machine, is still widely used. In principle, it resembles
electrostatic generators used for demonstrations in physics
laboratories. An electric charge is sprayed on a rapidly
moving insulated belt and is carried to a rounded, metallic
terminal where a high d.c. potential is established and
maintained. This terminal is connected to ground through
a high-resistance voltage divider. Particles to be accelerated
are introduced into an evacuated tube, one end of which
is located in the charge terminal. They are progressively
focused and accelerated as they pass through the tube, away
from the high-voltage terminal, emerging at the end in a
narrow, high-energy beam. Both voltage and curent can
e precisely regulated.

Single-stage Van de Graafl machines are rated to about

Fig. 7. A flash x-ray sys-
tem manufactured by lon
Physics Corporation
showing the high volt-
age generator before the
final assembly operation
when it is placed inside
of its pressure vessel.
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Fig. 6. This giant particle accelerator built by the High Voltage
Engineering Corp. is used for x-ray radiography of heavy casting.

5.5 MeV. Higher energies, up to about 30 MeV, are pos-
sible through tandem operation, a process which involves
acceleration through two or more successive stages.

A Van de Graaff generator forms the hasis of a flash
x-ray system made by Jon Physics Corporation (TFig. 7).
Unlike the conventional generator which provides a con-
stant output, the lon Physics generator is pulsed, delivering
liuge radiation fields in short bursts. A gas-insulated coaxial
line housed in the same vessel as the generator is charged
to several megavolts. A triggered, pressurized gap delivers
the stored energy into an evacuated field-emission diode.
The grounded amode of the diode is usnally a target which
provides high-intensity x-rayvs, but a thin window and focus-
ing system may be used instead for the emission of high-
energy electrons. The duration of the pulse is directly
proportional to the length of the coaxial line. Existing
systems utilize lines from 3 to 11 meters, vielding pulses of
5 nanoseconds to 30 ns.

Bursts of high-intensity x-rays or electrons up to about
2 MeV may also be obtained by charging a number of capac-
itors while they are connected in parallel and discharging
them while they are connected in series. Equipment of
this kind is usually smaller and more mobile than mnost
other particle accelerators and have been used in smaller
industrial applications. A
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Fig. 1. Complete schematic of the IC equalized preamplifier.
All components within the dashed rectangle comprise the IC.

By DAVID R. PRYCE /Head, Audio & Special Products, Amperex Electronic Corp.

The Amperex T A44-293 IC is well suited for low-level audio preamplifier
applications. Here is a high-gain, low output impedance circuit that
is equalized for general-purpose mike, magnetic phono, or tape-head use.

NTEGRATED circuit prices, still dropping, have in some
cases reached a level competitive with transistor prices.
What this really means is that 1C’s are less cxpensive

than transistors because part of the final circuit comes along
with the IC, inside the can. This arrangement saves size as
well as cost. Here is a simple, useful circuit design for an
equalized audio preamplifier that will serve as an introduc-
tion to IC applications.

The key device is an Amperex TAA-293 integrated circuit.
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Fig. 2. Frequency dependence of the preamplifier output
at three equalization settings, relative to 1-kHz gain.
Fig. 3. Another 18 dB gain can be achieved by feeding
the preamplifier output into this simple booster amplifier.
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It is available from the company’s stocking distributors at
$2.70 each, and should be easy to find. This IC contains
three transistors and four resistors in a general-purpose
amplifier configuration.

A printed-circuit or Vectorboard construction is indicated.
Because there is a lot of circuit gain in a small area, some
care in parts lavout may be required to avoid persistent
high-frequency oscillations. The usual routine of keeping
input components away from the output components, and
the leads short, should be sufficient.

Circuit Operation

The schematic of Fig. 1 breaks down into four parts. There
is a one-transistor input circuit, a two-transistor gain circuit,
and a pair of feedback circuits. Let’s examine these one at
a time.

Because the input circuit has an unbypassed large emitter
resistor, its gain is low. But the base terminal sees the emit-
ter resistor multiplied by the transistor beta, added to the
normally low base resistor. This gives an eflective input
resistance, as seen by the signal source, of roughly 50,000
ohms. This is a good value for general-purpose applications,
and will work well for microphone, tape, or phono-cartridge
inputs.

A capacitor and some resistors are eliminated by direct-
coupling the second gain stage to the third gain stage. This
is excellent engineering practice, since the d.c. biasing prob-
lems relating to direct coupling are easily handled in 1C
work. The resistor from IC pin 6 to the +6-volt line is the
output load resistor.

The first feedback loop is completed by a 27,000-ohm
load resistor from the 1C’s pin 4 to pin 2. This resistor
stabilizes the d.c. operating point of the two direct-coupled
transistors.

A second feedback loop extends from the 1C’s output ter-
minal, pin 3, back to the emitter of the second transistor.
Some output signal is returned through this loop, and acts
to reduce the effective signal applied to the transistor. The
resistor and capacitor in series in this loop give its trans-
mission characteristics a frequency (Continued on page 73)
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RC Differentiator

Design Nomograms

By DONALD W. MOFFAT

Timing and triggering spikes become smaller in amplitude as
they are made to have shorter time duration. This chart
permits optimum RC circuit design to produce such pulses.

HARP spikes for timing and trigger-
ing are created by applving a step
waveform to a passive RC differentia-
tor, as shown at the bottom of Fig. 1.
But designers are often bothered by the
trade-off in which sharpening up the
output pulse by reducing the RC time
constant causes a reduction in the pulse
amplitude.

How are pulse width and amplitude
related? How narrow can a pulse be
made before its amplitude becomes
smaller than a predetermined limit? The
nomograms in this article enable one to
quickly design a circuit to meet his
requirements.

The factor that causes the output
pulse to decrease in amplitude as it is
made narrow is the rate at which the
input step rises; no real waveshape can
change level in zero time. A reasonable
assumption that applies to a majority of
realizable steps is that they are gen-
erated in an ideal (zero rise time) form
but practical circuits have unavoidable
stray resistances and capacitances which,
however minute, cause all steps to have
a finite rise time. Small charging cir-
cuits formed by these stray resistances
and capacitances give the leading edge
a shape which is described by the RC
charging formula:

€ = Estop (l =Gt R(‘)
where RC is the time constant formed
by the strays. According to this equa-
tion, the step will reach 63.2% of its
maximum in one time constant.

Therefore, one of the quantities which
must be known in order to design an
RC differentiator for a critical applica-
tion is the time constant of the leading
edge. This value is obtained by noting,
on a fast oscilloscope, the time it takes
the step to reach 63.2% of maximum.

Using the Nomograms

The first nomogram (Fig. 1) gives
the relation among input leading edge,
output duration, and output amplitude,
In most applications, the leading-edge
time constant has been made as short
as possible and therefore is a fixed pa-
rameter of the problem. A typical ob-
jective is to design a differentiator that
will give a pulse output of less than

30

some given duration. A straight-edge
laid across the scales of Fig. 1 will show
what amplitude output can be expect-
ed, based on the two constraints of lead-
ing-edge time constant and maximum

allowable output width. Output dura-
tion is defined as the pulse width at
50% of its maximum amplitude.

The output amplitude is shown on the
third scale for a step input of one volt.

Fig. 1. Relation among pulse duration, leading edge TC, and maximum output.
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The numbers shown can be converted
to volts output by multiplving by the ac-
tual voltage of the step input.

It would be worthwhile for the read-
er to experiment with a few sets of
numbers on Fig. 1 to establish some
rules of thumb as to what conditions
are physically realizable. For instance,
it will be seen that if the output pulse
is to have an amplitude which is nearly
as large as the input step, the output
width will have to be manv times great-
er thun the leading-edge time constant.
If the output width is ten tines the
leading-edge time constant, the output
amplitude will be three-fourths of the
step’s amplitude. Conversely, if a sharp,
narrow spike is desired, it will have to
be obtained at a sacrifice of amplitude.
If the output pulse is no wider, at its
50 percent point, than the leading-edge
time constant, the output at its peak
will be less thun 10 percent of the
step’s amplitude.

These observations are made relative
to the leading-edge time constant be-
cause in most applications that quantity
will have been made as small as prac-
ticable and is a factor inherent to the
sitnation rather than a variable, How-
ever, it the designer does have control
over this factor, he can place a straight-
edge on the desired values of output
duration and output amplitude and the
straight-edge will cross the middle scale
at the value of leading-edge time con-
stant which will result in the given out-
put conditions. A situation in which the
leading-edge time constant can be con-
trolled is most likely 1o arise when the
output pulse must have a given mini-
mum width in order to contain enough
energy in order to trigger the following
stage.

The second nomogram (Fig. 2) is
used to determine values of resistance
and capacitance that will result in the
conditions established by Fig. 1. The
value which was fonnd on the last scale
of Fig. 1 is now located on the first
scale of Fig. 2, and the leading-edge
time constant is located on the second
scale. A point on the Tuming Scale is
established by drawing a line through
the values located on the first two
scales. About that point on the Turning
Scale a straight-edge can be rotated
and then every combination of capaci-
tor and resistor values it connects will
give the desired results in any particu-
lar situation.

On cach of the nomograms there is
a pair of scales that can be extended
to include values outside the range of
those shown. In Fig. 1 the first two
scales are both in units of time and can
be extended by moving the decimal
point the same number of places simul-
tancously on both scales. Perhaps a
more convenient way of viewing it is to
say that the prefixes on both scales can
be changed to others, such as milli-
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seconds for the bottom halves of the
scales while seconds are used for the
top halves.

In Fig. 2, the Capacitor and Resistor
scales can be extended by moving their
decimal points any number of places
simultaneously, on both scales, but in
opposite directions. For instance, if all
numbers on the Resistor scale are mul-
tiplied by ten, making the lurgest resis-
tor 1 megohm, all numbers on the Ca-
pacitor scale must then be divided by
a factor of ten.

Example

A step of 10 volts is carefully mea-
sured with a fast oscilloscope and it is
found that the step’s leading edge
reaches 63.2% of its maximum level
(6.32 volts) in 2 microseconds. Design
an RC differentiator that will accept
this step and produce a pulse 5 micro-
seconds wide,

On Fig. 1, locate 5 microseconds on
the Duration scale and 2 microseconds

on the Time Constant of Leading Edge
scale. Draw a straight line through
those two points and continue the line
to the last scale where it will cross at
0.47, indicating that for every volt of
the input step, the output pulse will
peak at 0.47 volt. Since the input in
this example is 10 volts, the output will
peuak at 4.7 volts.

Transfer the output of 0.47 to the
first scale of Fig. 2 and again locate
the leading-edge time constant of 2 mi-
croseconds on the second scale. Draw a
line through those two points and note
where that line crosses the Turning
Scale. Values of resistance and capaci-
tance are then selected by rotating the
straight-edge about that point on the
Turning Scale and picking a pair of val-
ues which is convenient to use. Dashed
lines on Fig. 2 show that 0.0033 micro-
farad and 1 kilohm, or 100 picofarads
and 33 kilohms are two of the combina-
tions that meet the requirements of the

problem. A

Fig. 2. Nomogram used to find proper combination of resistor-capacitor values.
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RECENT
EVELOPMENTS
IN ELECTRONICS

Laser Hologram Produces 360° Image. (Top left) A new kind
of hologram has been demonstrated which allows viewer to
see a three-dimensional image rotate through a full circle
simply by moving his head from side to side. Conventional
laser holograms present a 3-D image of only a limited angular
view of an object. The new hologram is a composite of many
narrow holograms, each showing a 3-D image of a different
view of the subject. Future physics or biology texts could use
the display to show compiete in-the-round views of complex
molecules and organisms, or art books could show sculpture
more effectively. The holograms can be viewed with a mono-
chromatic filter and a strong white light source. To make a
flat hologram with a 360° view, vertical strips of a photographic
plate are exposed sequentially from left to right through a
mask with a narrow slit. Each narrow strip is a complete holo-
gram of one view of the object. After the first view at the ex-
treme left of the plate, the object is rotated slightly, the mask is
moved by one slit width, and another exposure is taken. Even-
tually the entire plate has been exposed and the object has been
rotated through 360°. Technique was developed at Bell Labs.

-

Varactor-Diode TV Tuner. (Center) The compact, flat unit
at the extreme left is a completely solid-state TV tuner that
uses varactor diodes to replace the 157 electromechanical
switch contacts normally used to change channels. It is about
70 percent smaller than the electron-tube tuner at the center,
the type most commonly used in present TV sets. The tube
type must be mounted directly behind the channel-selector
knob, while the new varactor tuner can be mounted anywhere
on the TV chassis. At the right is a ganged capacitor tuner
commonly used by set makers about 15 years ago. A v.h.f.
version of the new tuner has already been demonstrated by the
developer, Standard Kollsman, to major TV set manufacturers.
In the works is a prototype of a v.h.f./u.h.f. version. The var-
actor diodes exhibit varying amounts of capacitance, depending
on the amount of d.c. voltage applied. This capacitance tunes
the r.f. amplifier, mixer, and oscillator circuits to resonance.
Other diodes, when forward-biased, short out parts of the tank
coils for channel switching. The only mechanical switches that
are used in the system control the d.c. voltages and not signal.

Thermistors Check Hot Tires. (Below left) Tire blowouts at
high speeds are dangerous. In an effort to investigate some
of the causes of tire failure, the National Bureau of Standards
is using thermistors to measure tire temperatures at road
speeds. Heat is the enemy of rubber and fabric, and by know-
ing just how much heat is produced in normal driving it should
be possible to improve tire durability and reliability. The ther-
mistor, protected by epoxy encapsulation and coated with sili-
cone rubber, is inserted into a tiny hole drilled in the tire
shoulder. Output is connected to a matchbox-sized telemeter-
ing transmitter on the circular plate replacing the hub cap. The
vertical antenna shown picks up the FM signal produced and ap-
plies it to a receiver and to a recorder located in the car.
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Computer Teaches School. (Top left) These students at PS
244 in Brooklyn are receiving individualized daily instruction
in elementary arithmetic from a computer located miles away
in a Manhattan skyscraper. A total of 200 student terminals in
15 widely separated New York City schools are connected to the
central computer, providing individual instruction to 6000 pu-
pils every day. After school, the computer is used in various
remedial and adult education programs, as well as for handling
administrative data processing jobs for the school system. In
the fall of this year, elementary reading and spelling will be
available to pupils from the RCA Spectra 70 computer system.

Simple Electroluminescent Laser. (Top right) Still a lab
curiosity, this new gallium arsenide laser, shown in the photo
magnified 150 times, produces infrared light from the connect-
ing bridge between the ends when an electric pulse is applied
to it. The new device is the first of its kind to operate without
built-in electric fields or junctions. The relatively large end
pieces have indium alloyed contacts capable of handling the
high electric current required to produce lasing action. A high-
voltage pulse, applied across the dumbbell ends, produces a
large number of fast-moving domains of high electric fields in
the center bridge. (This is called the Gunn effect.) Electrons
are freed from atoms in the high-field domains, and start the
lasing action when they recombine with these atoms after the
field has passed. RCA Laboratories has produced the device.

IC Radar Modules Eliminate Rotating Antennas. (Center) Each
of the 604 modules in the radar antenna shown contains a
microwave integrated-circuit radar transmitter and receiver
within a 114 -cu in package topped by a tiny antenna. Electronic
scanning of the 604 modules provides the same kind of sweep-
ing vision delivered by present rotating-antenna radar systems,
without the failure-prone motors and mechanical equipment
that cause more than half of all radar system breakdowns. The
new radar is being developed for the U. S. Air Force by TI.

Philippine Earth Station for Intelsat. (Below right) This 97-
ft dish antenna, just being completed, will serve as the Philip-
pine ground station for the Intelsat |l satellite. It will handle
voice, television, and data communications to and from the
satellite which is now in synchronous orbit 22,300 miles
over the Pacific Ocean. The ground station is located about
25 miles east of Manila. The station complex is being con-
structed under a contract awarded to GT&E International, Inc.
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SILVER
MIRROR
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SLIDE LIGHT-SOURCE CRT

CONDENSING
LENSES

RED VIDEO OUTPUT

DICHROIC MIRRORS PHOTOMULTIPLIER TUBES

BLUE VIOEO OUTPUT

FILTER Fig. 1. Optical por-
tion of flying-spot
scanner. For photo
of this assembly,

<> see opposite page.

GREEN VIOEO OUTPUT

OLOR
TV Se
Shows

lides

By JOSEPH V. DeMARINIS

Manager, TV Engineering
Sylvania Entertainment Products

A new home-entertainment center combines flying-spot scanner with a color
receiver to permit color slides to be displayed on the picture tube. Built-in
cassette audio tape recorder synchronizes slides with recorded commentary.

ERE is a new home-entertainment center that com-
H bines a color-TV receiver and flving-spot scanner

in order to let vou view vour color slides just as con-
veniently as vou watch color-TV. The center, which in-
cludes a cassette tape recorder for svnchronizing sound
with the slides, will be sold by Sylvanie for about $1000.
The units (which are referred to as “Color Slide Theaters™)
are expected to be available at the company’s dealers by the
time this publication appears.

A single push-pull switch changes over from color-TV
to slide viewing. Slides are changed forward or reverse
with a conventional projector remote cable. The slide-
changing mechanism is the well-known Kodak Carousel.
Loaded slide trays are interchangeable with any other simi-
lar projector. Up to 80 2”7 x 2”7 35-mumn or #1206 slides can
be accommodated in a single tray.

The entertainment center includes a cassette cartridge tape
recorder/playback unit. You can record a complete slide
show with your own narration. By putting practically in-
audible, 60-Hz pulses on the tape, vou can do away with
the need to change slides with the remote cable; the pulses
will do it for you automatically. Depending on the particu-
lar cassette used, as much as 2 hours of recording can be
made.

This same unit can be used to play prerecorded cassette
tape cartridges along with your slides or with the TV por-
tion turned off.

34

In the flving-spot scanner, the light source is a small
(5-inch) cathode-ray tube with a blank raster. This raster is
focused on the slide to be shown. Thus, the slide is scanned
with a moving spot of light. Bevond this point, the optical
system merely gathers light and breaks it down into the
three color-TV primaries; red, blue, and green (Fig. 1).
Photomultiplier tubes pick up these optical color outputs
and convert them into video signals. From there on, we
have video amplifiers, gamma correction, and a matrix.

The output of the scanner chassis is fed into the color-TV
set as Y or black-and-white video and into the color-differ-
ence amplifiers as X and Z axis color, the same as is gen-
erated by the receiver’s own color demodulators (Fig. 2).

The light-source CRT “borrows” its deflection and high
voltage from the color picture tube. It operates at 25 kV
with a beam current of about 70 microamperes (the color
pix tube requires about 1000 ;:A). Focus voltage is about
4.5 kV, obtained from a supply similar to, but independent
of, the color picture tube.

A feedback system in the scanner chassis adjusts the
beam current of the light-source CRT to compensate for
the average transparency of the slide being shown: produc-
ing more light for an underexposed slide and less light for
an overexposed slide. This is a feature not available with
optical projectors and improves the quality of many slides.

The requirements for the small CRT are stringent. Be-
sides the obvious need for good focus and a small spot,

ELECTRONICS WORLD
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Rear of the new entertainment center. The color-TV set is
at the right, while the flying-spot scanner chassis is being
installed at the left. Above the scanner and under a hinged
cover will be found the slide changer and tape recorder.
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Fig. 2. Interconnections between scanner and TV section.

COLOR-TV CHASSIS

screen defects must be negligible. But, most important
to the resolution of the system is a very short decay time
of the phosphor light output. The moving spot must not
leave a trail, or smeared pictures will result. This require-
ment is directly opposite to that of the tube which displays
the picture. There, you want a longer decay time to reduce
flicker and improve light output.

So, the phosphors used in this light-source CRT are very
special. The tube was developed especially for this applica-
tion by Sylcania.

The flying-spot scanner principle is as old as TV itself.
Back in the early days of color, some TV studios used such
scanners to show film. These scanners were very large,
and cost about as much as a small house! The significant
accomplishment here is the application of known principles
to the development of a unit with the simplicity and price
level of a consumer product.

The objective lens which focuses the raster on to the
slide is 50 mm at f/3.5. This provides a sufficient depth of
field to accommodate all cardboard-mounted slides, even
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Optical portion of the flying-spot scanner {called
the “light box'’} is shown here with its cover removed.

if they are warped or put in backward. Thus, the user
needs no focus adjustment.

The cold light from the CRT will not bleach slides or
cause them to “pop”. And, the CRT will last much longer
than a projection lamp.

The optical system is contained in a dust-sealed plastic
box. The system includes four light-gathering lenses and
two dichroic mirrors. These mirrors are made up of several
molecular thin coatings, and selectively reflect or pass the
various colors of light. One dichroic mirror reflects red
light only, allowing the blue and green light to pass through.
The other dichroic mirror reflects blue light only, allowing
the green to pass through. Wratten-type filters adjacent
to the red and blue photomultiplier tubes further purify
the light presented to each of the electronic channels.

The optical parts simply drop into accurately located slots.
There are no adjustiments in the color-splitting “light-box.”

Once converted to video by the photomultipier tubes,
the signals are applied to solid-state circuitry which ampli-
fies and gamma-corrects the picture. In such correction,
we “stretch” the black region and compress the white re-
gion to correct for a tendency on the part of the color
picture tube to compress the gray scale. This circuit is part
of any color-TV camera. The d.c. component of the pic-
ture is preserved and/or restored throughout the system.

Connections to the Receiver

Most color-TV receivers are based on the color-differ-
ence system. Y or black-and-white information is presented
to all three of the CRT cathodes and the color-difference
information is presented to the CRT grids. Since the flying-
spot scanner inherently generates primary red, green, and
blue information, some conversion is necessary to be com-
patible with the normal color-TV circuitry. This conver-
sion takes place in a matrix, which is a complex voltage
divider, the derivation of which can be found in any
comprehensive texthbook on color-TV. Following the matrix,
the Y, X, and Z signals are amplified for application to the
color-TV" output stages, as shown in the block diagram.

When showing slides, sync for the “borrowed” scan is
provided by a local TV station, thus producing an inter-
laced picture.

The “B+" voltage that is required for the video circuits
that arc employed are derived from the TV power trans-
former. A separate power supply is provided for the audio
circuitry so that the unit may (Continuced on page 72)
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TECHNICIAN
ENGINEERING
IN BRITAIN

By E. A. BROMFIELD/ Sec’y, The Institution of Electrical and Electronics Technician Engineers

The importance of the non-degreed engineer is being recognized. A new

organization. which already boasts almost 10,000 members. is setting up

qualifications and giving status to this member of the engineering team.

OR many years there has been an acute awareness

within Britain’s electrical and electronics industries that

something should be done to positively identify, by
appropriate designation and status, that wide band of engi-
neering personnel which provides the bridge between pro-
fessionally qualified degreed engineers and craftsmen.

The first positive action came with the publication in
1954 of a definition for the engineering technician by the
Conference of Engineering Societies of Western Europe and
the United States (EUSEC), and a subsequent report, “The
Education and Training of Electrical Technician Engineers”
by the Institution of Electrical Engineers. Chairman of the
Commiittee producing this Report was Sir Willis Jackson,
I.R.S. (now Lord Jackson of Burnley). Lord Jackson, speak-
ing on technician engineering mutters at the World Congress
on Engineering Education in Chicago in June 1965, said
that the EUSLEC definition emphasized the dependence of
the engineer upon the technician. He also said that it was
consequently “useless to expand the provisions for degreed
engineers without at the same time expanding the provisions
for the army of technicians whose services will he called into
being”.

At this same conference United Stutes comment on engi-
neering technicians was forthcoming from W. \W. Wiggins,
Deputy Director, Peace Corps, Washington, D.C. He said
that there was a lack of what had come to be called “middle
level manpower”. Despite wide publicity given to the
demand for technicians, the U.S. had experienced only a
limited response to invitations to voung men to become
technicians and, Mr. Wiggins said, he wondered whether
this response was due to lack of a suitable education.

Accent on Status

Since 1965, however, a great deal has happened in Brit-
ain. Events have tended to indicate that lack of status rather
than suitable education might well have been the “stumbling
block” all along.

In the United Kingdom, “professional” engineers of four-
teen separate or allied disciplines are now joined together
within the Council of Engineering Institutions, and are en-
titled to use the protected description “Chartered Engineer”.
Chartered Engineers of the future will all be degreed engi-
neers. The former route to membership in “professional”
institutions by part-time study is rapidly closing, and soon
will be impassable.

In view of this it has become necessary to provide a sep-
arate identity and status for those other senior engineers
who, although not holding a degree, are nonetheless equally
entitled, because of their qualifications, industrial training,
and experience, to the description “engineer”. These are
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needed in the ratio of some four to every one chartered en-
gineer. To a large number of these men the designation
“technician” is unacceptable, mainly for the reason that, in
Britain at any rate, it is as indiscriminately applied as the
generic term “engineer”. Now, the growing acceptance of
the title “Technician Engineer’—from the Continental con-
cept of the Ingénier Technicien—by Government depart-
ments, educational establishments, industry, and the press—
shows that this provides the long-sought-after compromise.

Role of Technician Engineers

In the United Kingdom today, the work of the technician
engineer is clearly seen to complement that of the chartered
engineer. The technician engineer has become a responsible
engineer in his own right, with a status and career of his
owI.

Technician engineers are expert in the application of spe-
cific engineering teclniques in all sectors of industry; in
manufacture, operation, maintenance, development, and re-
search. Technician engineers carry out a wide variety of
technical, technical-commercial, and administrative activi-
ties within the electrical and electronic engineering indus-
tries, and thev are also engaged in those other industries
using electrical communications, power, and control.

Below the techinician engineer there is the grade of tech-
nician, tending to require similar technical skills in a nar-
rower field and to a generally lesser degree of abstraction,
and to have less need for administrative ability. Then there
is the grade of scrvice technician, who is an individual
trained in a particular technique.

Advent of IEETE and SERT

The marked need for a learned society/qualifving body
for the well-trained and experienced non-university type of
engineer led to the setting up, in February 1965, of The
Institution of Electrical and Electronies Technician Engi-
neers. Aided by the full encouragement of industry and the
firm support of The Institution of Electrical Engineers, the
IEETE already has gained nearly 10,000 members: the
potential is estimated at anything between 80,000 and
100,000.

Status and qualifications apart, the purpose of IEETE is
to make available to technician engineers all the advantages
of a first-class learned society, and provide technical facili-
ties and services of the “down-to-earth” kind. The Institution
promotes conferences, discussion meetings, and lectures and
arranges visits to places of technical interest. Programs of
lectures are running in London and throughout the nine
regions in which centers have been set up thus far.

As the opening lecturer in the (Continued on page 84)
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The author directs the generation of IC applications information and customer
applications assistance. He has had eleven years of solid-state design experience
including specifications, design, and analysis of LIC and DIC devices for use in

advanced molecular rader systems at Westinghouse Aerospace Division. He has
been an applications engineer with another major 1€ manutacturer. He holds a
BSEE degree from Milwaukee School of Enginesring and has published several
technical papers. He is a member of the IEEE and currently has a patent pending.

The Linear 1C-
Types, Technology, Techniques

By KEN BLAIR/Supeivisory Engineer, IC Applications
Molecular Electranics Div., Westinghouse Electric Corp.

Present LIC’s match and even exceed performance ef discrete
circuits. This, along with a price drop, is spurring their usc
in all types of electronic equipment. What are the various types
available? How do they compare? What are their most important
characteristics? And what do they offer new-equipment designers?

[NEAR integrated circuits are here to stay. A few
vears ago many designers would have <isagreed ve-
| hemently with this statement. The concept of elec-
tronic sabsystems built with anything other than a teken
number of LIC devices was considered impractical in view
of beth technolegical and economical shorteomings. At
that time the LIC had performance chararteristics con.
sicerably below and costs considerably above canventinnal
dizcrete component designs. Moreover, the fast pace s
in the mitial advance of digital integrated circuit tech
ncelogy was not matched i linear development.

Since those “prehistoric” {imes the performance and
cost lifferentials between the LIC and discrete designs
have narrowed rapidly. In many design areas present L1C
devices mateli and even exceed the performance charac-
teristics of diserete devices. The rapid drop in price has
also kept them competitive with their distiete counter-
parts. These recent advances can be taken by designers ax
a barometer of things to come in LIC devives Operating
characteristics will advance and prices will continue to fall
so that the circuit designer will be under increasing pres-
sure to become familiar with LIC devices. Ultimately. f
not now, he will be required to defend his discrete con
ponent design against the benefits offered by LIC devices.

Definition & Types

The term “integrated circuit” is used to describe a
group of electronic clements connected together by a
variety of circunt assembly techniques to perform a given
electronmie function. ¢ 7he 1EEE Standard definition of an
integrated circu't s a combination of mterconnecteld cir-
cuit elements inseparably associaied on or within a contin-
wous substrete. —EFditor) A linear integrated cirenit 1s
this group of camponents assembled to operate in a (near
mode to performt signal amplification. processing. timing.
and control. There ix. at best, only a fine line of distiix-
tion between the LIC and the digital 1C in some special
ized areas.
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There are two basic processing techniques used in the
fabrication of LIC devices. The semiconductor teclinique.
which is an extension of transistor teehnology. diffuses im-
purities into a block of silicon to form active and passive
elements. The film technique deposits matenal on a eom-
mon substrate to forin passive components. Such filns
range in thickness from a few angstrons to 1 mil. Currently
hoth of these techniques are used to make LIC devices.

In the monolithie LIC all circuit elemerts. both active
and passive, are selectively diffused into a single-crystal
block of silicon. The individual parts of the monolithic
1.1IC are not separable from the complete circuit and ave
Jmultancously interconnected by the deposition of metal-
lic conducting paths on the surface of the monolithic
hlock.

The anyhrid LIC is a device in which separate compo-
nent parts are mounted on a common substrate and mter-
connected by means of metalization or wire bonds. The
hyvbrid LIC can resemble the conventional discrete com-
ponent circuit except that the individual parts counsist
of pasavated. diffused. or film components and the com-
plete circuit i~ highly miniaturized. A hybrid deviee may
contain one or more monolithic devices. (4 complete
article on hybrid 1C's appears further on i this Special
Seetion—Editor)

One distinet advantage of the monolithie LIC is that a
large number of individual circuits can be processed cn one
large waler of silicon and thus is ideal for large volume
production. The labor and material costs are kept at a
lower level than with other techniques. provided the de-
vices are produced in suflicient quantities at reasonable
vields. Other advantages of the monalithic device are seen
m terms of improved matching and temyjerature tracking
of characteristies and better reliability. The matching and
temperature characteristies are benefits of the close prox
imity of device elements and the fact that they are sub-
jected to identical diffusion profiles.

Life is not completely rosy for the present-day mono-
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Fig. 1. Cross-section display of portion of typical monolithic
LIC containing base-emitter diode, n-p-n transistor, resistor.
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Fig. 2. Processing steps used to fabricate Fig. 1 circuit.

lithic LIC. There are still several disadvantages of concern
to the designer. Because of parasitic capacitances and de-
sign compromises, the gain-bandwidth produet is lower
than with discrete circuits. High-voltage capability is lack-
ing and resistor tolerances are often wider than designers
would like. In some instances it is neceessary to comple-
ment the monolithiec LIC with discrete devices to achieve
higher power and voltage capability. Resistor tolerances
are minimized through use of negative feedback to place
device dependence upon the excellent resistance ratios ob-
tainable in monolithic LIC devices.

The simultaneous processing and identical environmental
conditions of all elements within the monolithie structure
and the greatly reduced number of interconncections all
contribute to improved reliability over discrete designs. The
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figure generally quoted these days is 0.01%/1000 hours.

The growth figures for LIC devices for 1966 and 1967
have been somewhat overwhelming to say the least. A
variety of device types coupled with a dramatic drop of
about 509% in LIC prices have spurred the sale of LIC
devices. The largest market is still military which is esti-
mated at $27 million. The industrial and consumer LIC
markets, which only recently have begun to rise because
of competitive prices of LIC devices with respect to dis-
cretes, are estimated at $16 million and 83 million, respec-
tively. This adds up to a total market of about $46
million in factory sales. (This compares to a total market
in 1967 of about $182 muillion for digital 1C’s—Editor)
It is estimated that the total market for LIC’s in 1968
will be around $72 million.

The Processing Technology

A monolithic LIC usually contains both active and
passive elements formed within a single chip of silicon and
interconnected on the surface of the chip. The fabrication
of monolithic devices is thus dependent upon the ability to
selectively define and produce active and passive regions
in the chip. A cross-sectional view of a portion of a typical
monolithic chip and the circuit it represents are shown in
Fig. 1. This illustration shows the common four-layer epi-
taxial structure in use and how the elements are electrical-
ly isolated with reverse-biased junctions.

The basic processing steps for producing the four-layer
epitaxial LIC structure are illustrated sequentially in Fig.
2. The process combines a number of photoresist and dif-
fusion steps in conjunction with the characteristic property
of silicon oxide to resist diffusion. There are essentially
two variables to be controlled in the diffusion operation.
Accurate control of junction depth and impurity levels
deposited permit production of devices with good yields
and predictable characteristics.

The processing of the LIC begins with the growth of an
n-type epitaxial layer on top of a p-type substrate (A). In
this technique all elements are formed in the epitaxial lay-
er. During growth of the epitaxial layer a protective laver
of silicon oxide is formed on top of the device. This oxide
1s essentially impervious to the diffusion of hnpurities. By
selectively opening windows in the oxide, impurities can
be introduced to selected areas of the chip to form essen-
tial parts of the circuit. After opening up windows in the
oxide, the next step i1s the formation of isolated islands in
the n-type region. This is done by diffusing a heavy con-
centration of p-type impurities through the epitaxial layer
until the p-type substrate is encountered (B). The illus-
trations indicate that the diffusion takes place in a vertical
direction only. Actually the diffusion also progresses later-
ally so that the edges of any p-n junctions lie under the
oxide. This prevents contamination of the sensitive junc-
tion and ultimate deterioration of device characteristics. In
this manner, device stability and reliability are enhanced.

Another oxide layer is now grown and windows opened
to permit formation of the transistor base and the
resistor with a p-type diffusion (C). Note that the resistor
is made up of the resistance of the p-type diffused regton.
The next step is the removal of a portion of the regrown
oxide to permit the n-type emitter region to be formed
(D). A final oxide layer is then opened up to allow inter-
connections to be made between elements. A deposition of
aluminum (E) to form the interconnection pattern com-
pletes the basic device fabrication. A typical monolithic
LIC chip is shown mounted in a TO-5 package in Fig. 8.

Transistors & Diodes

Because of the relatively small size of active devices
(transistors and diodes) on the monolithic LIC chip, it is
more economical to fabricate active elemments than passive.
This is in direct opposition to the economies of discrete-
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component design. In the LIC device. resistors and capaci-
tors require large amount of chip area. and area on a chip
is quite expensive. The smaller the chip the better the vield
and the lower the cost. This is one reason why transistors
and diodes are used so extensively in LIC devices.

The monolithic transistor requires fewer design eompro-
mises during processing than any other elements in the
LIC. This is reasonable because the process nsed to pro-
duce the monolithie transistor was developed for discrete
devices. A major reason for using a large number of active
devices in the LIC is that the matching of element char-
acteristics is excellent. The devices are in close proximity
and tend to have identical diffusion profiles. hence. are
more readily matched than discrete devices. The elements
also have malched temperature coefficients. Much less total
cireuit resistance and generally no coupling capacitors are
required when using the matched characteristics to estab-
lish operaling levels,

Table 1 lists the degree of matching that can be ex-
pected in monolithic active devices. For the most part,
monolithic diodes are simply transistors where connections
are made to base-emitter or collector-base diodes. Thus,
they also exhibit identical characteristics to those of the
transistor junciions. Discrete transistors and diodes would
both require extensive hand selection to obtain identical
matched characteristies.

There are also other important diflerenees with mono-
lithic transistors that tend to limit LIC characteristics.
The monolithic transistor has higher collector series re-
sistance. Contact to the collector must be made at the top
of the structure since the substrate is of oppositely doped
material than the collector. This increases the collector
series resistance which, in turn, produces higher saturation
voltages and second-order effects at higher frequencies. One
technique used to reduce collector series resistance is to
diffuse a low resistivily region in parallel with the collec-
tor series resistance.

A second difference between monolithic and discrete
transistors is parasilic capacitance. In the moenolithie de-
vice the substrate forms a p-n junction with the collector
region. This junction is reverse-biased to isolate the tran-
sistor from other elements in the device. The capacitance
of this junction can degrade performance at higher fre-
quencies unless lower impedance levels are employed.

In 1964 Westinghouse introduced the lateral p-n-p tran-
sistor to LIC devices. Prior to that time p-n-p transistors
required extra processing steps to achieve a device with
good characteristies. The lateral p-n-p. illustrated in Fig.
4A, uses the n-type epitaxial region as the base and two
p-type regions formed during the normal base-resistor dif-
fusion as collector and emitter terminals. In this configu-
ration lateral rather than vertical transistor action lakes
place. There are parasitic effects assoclated with this de-
vice that reduce the current gain to low values. Fig. 4B
llustrates a technique used to improve the current gain
without requiring extra process steps. This composite tran-
sistor has an effective current gain that is equal to the
product of the individual current gains.

The MOSFET, which at one time exhibited great prom-
ise. 1s generallv not seriously considered for present LIC
devices. The MOSFET is basically a surface-operated de-
vice. Because of a high surface sensilivily, processing tech-
niques must be held under rigid control. It takes very
little to contaminate the oxide to alter MOSFET charac-
teristics. Thus most MOSFET devices are presently rele-
galed to use in digital IC ecircuits where only “on-off”
characteristics are of concern. In this area, threshold nsta-
bility is not a serious problem.

The junction FET is better suited for LIC processes but
it also has its problems. It is difficult to combine the FET
and bipolar devices without compromising some character-
istics. The over-all characteristies of the twa devices gen-
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Fig. 3. A monolithic LIC amplifier chip in a 12-lead TO-5
package. Device contains 6 n-p-n transistors, 15 resistors
totaling 316,000 ohms, and 2 50-pF metal-oxide capacitors.

erallv require different voltage and current levels. It is
also more difficult to match the characteristics of FET
devices as required in differential amplifiers.

Resistors, Capacitors & Inductors

The characteristics of passive elements in the monolith-
ic LIC are much more limiting than those of the active
elements. Monolithic resistors and capacitors have a narrow
range of component values and femperature character-
1stics. Passive clements are al<o relatively large and often
difficult to centrol to close tolerances. For these reasons
use of passive components is held to a minimum where
possible. or LIC designs are oriented to use malching char-
actenistics rather than tolerances. Passive clementls can
often determine the ultimate cost of the LIC.

Monolithic resistors are generally formed during the
p-type base diffusion step. The resistor charaeteristics, for
the most part, are governed by required transistor char-
acteristics since relatively few design compromises are
possible with the transistor. Monolithic resistors are char-
acterized in terms of sheet resixtance with units of ohms
per square. No matter how large or small the square in-
volved, its resistance is determined by this characteristic.
If. for example. the sheet resistance i1s 200 ohms per
square (a tvpical value in LIC devices) a 1000-ohm re-
sistor is fabricated by connecting five squares in series and
making contact to the ends. It makes no great difference
whether the squares are 0.5 mil or 2 mils on a side. Each
square contains 200 ohms of resistance and a series of five
is required to form a 1000-ohm resistor in the LIC.

Beeause of space economy consideration. it is not al-
ways possible to add squares in a straight line. Resistors
often assume odd shapes to fit within an available area.
The wider the resistor the longer it must be for a given
value. This. then. is one significant limitation of monolithic
resistors. The narrower a resislor is made, to reduce the
ultimate length, the more difliculi 1t becomes to maintain
a given tolerance. From a percentage slandpoint. varia-
tions in resistor widths due to chemical elching deviations
are more severe with a narrow resistor. Sheet resistance is
another variable to be considered.

It is reasonable to expeet a 209, tolerance for a diffused
resistor of 1-mil width and 10% tolerance for a 2-mil
width. It is, therefore, preferable to design for maximum
width where tolerances are critical. However, maximum
widths will produce longer geometries. It is thus essential
[rom a space-saving point that the widest possible toler-
ances be used. To permit large resistor tolerances without
seriously degrading circuit performance requires ingenuity.
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Absolute Match of Elements
Characteristic Symbol Tolerance  in Close Proximity
Transistors
Current gain hig =+ 309, +10%
Current gain TC Aheg/AT 0.5%/°C 0.05%/°C
Base-emitter
voltage Ver =+ 5% +2mV
Base-emitter
voltage TC AVee/AT —2mV/°C +5uV/°C
Resistors
Diffused resistor R *+20% *+3%
Diffused resistor
TC AR/AT 0.2%/°C 0.01%/°C
Capacitors
Diffused capacitor (of8 +259% +5%
Metal-oxide
capacitor Cyos +209% +5%

Table 1. Tolerances of characteristics of monolithic elements.

The technique used is to design the LIC so that perform-
ance is governed by resistor ratios. The resistors on a given
chip have identical characteristics and. while absolute tol-
erances approach 209, the resistor ratios are better than
3%.

The importance of using resistor ratios in the design of
LIC devices is paramount when taking temperature char-
acteristics into account. The temperature coeflicient of a
200-ohm-per-square monolithic resistor is typically 0.29/
OC. Fortunately, resistance ratio and tracking of tempera-
ture coetlicients go hand in hand. If resislor ratios are used
to establish operating levels. the levels will be stable over
temperature because the temperature coefficients of the
resistors are the same.

Two basic types of capacitors are available on the mono-
lithic LIC. One is a junclion capacitor. This tvpe is formed
by using a reverse-binsed diode junction on the ehip. The
capacitance ol this type is typically 0.2 pF/mil? of arca
and is highly voltage dependent.

A second type is the metal-oxide capacitor. This type
uses the dielectric property of the protective layer of sili-
con oxide on the surface of the chip. One plate of the ca-
pacitor is formed by depositing aluminum on top of oxide
during the interconnection process step. The other plate is
the heavily doped n-type generally used for the emitter of
the monolithic transistor. The capacitance of this capacitor
is typically 0.4 pF/mil? of area. Although this tvpe is very
stable and voltage independent, large areas are needed to
establish medium capacitance levels.

In many instances capacitors are designed out of LIC
devices for this reason. This is also why the operational
amplifier configuration is widely used in LIC devices. The
mput/output terminals normally operate at ground po-
tential and the device does not require coupling capacitors.

It is possible to make inductors in LIC devices by depos-
iting patterns of conductors in various geometric designs.
The resultant characteristics render them all but useless,
however. Considerable effort has been spent in this area
but thus far the “Q” of such inductive type elements is
extremely low.

Amplifier Circuits Available

Differential/Operational Amplifier: Probably the closest
thing to a standard LIC device is the differential/opera-
tional amplifier. The versatility of these devices is practic-
ally unlimited. They can be used in linear modes as d.c.,
video and sense amplifiers, buffers, low-level detectors,
tuned amplifiers, inlegrators, and sumniing amplifiers. Non-
linear operation includes use as comparators, astable mul-
tivibrators, and precision monostable devices. In many
instances the differential-amplifier configuration is used
as a basic building block in the design of power amplifiers,
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high-frequency amplifiers, and voltage regulators. (For a
complete discussion of this type of circuit refer to the ar-
ticle on operational amplifiers i this Special Section —Ed-
itor)

Rf/1f. Amplifiers: The high-frequency capability of
LIC devices has improved a great deal. A few years ago
hybrid construction was needed to reach the higher fre-
quencies. There are several reasons why monolithic devices
are now capable of operation into the 250-MHz region.
Better processing techniques have evolved. Resolution of
geometries on the chip have improved considerably. Better
resolution permits reduction ol device geometry. Reduced
dimensions result in smaller collector-base and collector-
substrale capacitance and improved cut-off frequencies.
Improvements in this area permit higher impedance levels
to be used and reduce device power dissipation. A process
called dielectric isolation is also beginning to help extend
high-frequency capabilities. This technique uses oxide iso-
lation between elements on the chip rather than the re-
verse-biased junction. In this technique the parasitic
capacitance is very low and often the breakdown voltage of
the LIC is improved.

Often the circuit designer will recognize the differential
amplifier configuration or perhaps a modification of it in
r.f./1f. LIC devices. The basic configuration is well suit-
ed to high-frequency operations and with slight modifica-
tion becomes a common-emitter/common-base amplifier
exhibiting good frequency response. The basic configura-
tion is also suitable for a.g.c. control. (Further details on
r.f. and i.J. LIC’s are given in another article in this Spe-
cial Section—Editor)

Power/ Audio Amplifiers. The power-handling capabili-
ties of monolithic LIC devices are also showing marked
improvement. Power limitations are governed by the efhi-
ciency of the heat removal trom the device. Properly ap-
plied heatsinks permit operation at higher dissipations. A
reduction in the thermal resistance between the junctions
and case of the LIC will umprove power transfer. One
technique is to provide a package with a built-in heatsink.
The monolithic chip is placed on a metal pad in the pack-
age. The pad extends out the ends of the package and pro-
vides a low thermal resistance to ground. Another tech-
nique to improve power-handling capability 1s to use
class-B operation in the output stages of the device. In
this manner quiescent power is held at low levels until an
input signal is applied. In this configuration power output
can be increased without raising dissipations. High-effi-
ciency operation is also achieved.

In power devices the differential amplifier configuration
often reappears. Combining the low offset voltage of the
monolithic differential amplifier in a feedback loop with a
class-B output yields efficient designs. Feedback will zero
the output and also reduce crossover distortion to accept-
able levels. (For additional information on audio LIC's, see
the article on this topic in this Special Section—Editor)

Going from Discrete to LIC

When contemplating the use of LIC devices for the first
time, several questions immediately confront the engineer.
What kinds of circuits are most adaptable to LIC design?
How should the design proceed?

Present-day LIC’s are still primarily small-signal, low-
power devices. This was the area where the demand was
the greatest, and it was only natural that this segment of
the market was pursued. Included in this area would be
the frequeney spectrum from d.c. to 250 MHz, power
levels up to 2 watts, and voltage and current levels up to
50 volts and 1 A, respectively. In these areas, virtually
any circuit function that can be built with discrete com-
ponents can be integrated. The LIC, however, may be
radically different schematically from the discrete version.

Thie first step a designer should take when thinking about
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replacing discrete designs with LIC devices is to establish
specifications and requirements. Failure to complete this
slep adequately holds the same penalties with LIC devices
as with discretes: time and dollars are wasted. Then the
available products can be reviewed to determine if present
LIC devices are capable of meeting the requirement. The
versatility of many commercial LIC devices. especially
operational amplifiers. is so exlensive that often an ex-
isting produet can be nsed. There is always an abundance
of literature available from the manufacturer awd in tech-
nical magazines to make this a relatively simple task. Of-
ten LIC devices can be used with externally convected dis-
crete components to perform the given funetion.

It the designer has determined that existing devices do
not meet his requirements, there is still one alternative be-
fore going to a new and distinclive LIC design. Perhaps
an existing LIC can be modified slightly or specified in a
different manner so that the required function ¢an be ob-
tained. In most instances the price will be somewhat higher
depending upon reqnired masking. process changes, or
vields, but certainly this method should be considered.

The next approach is consideration of a separate and
distinet LIC design to the customer’s specification. At this
point the cireuit designer zhould consult LIC manufactur-
ers with respeet to required specifications. To achieve op-
timum transfer of mformation the designer should work
directly with the device designers. The circuil designer
knows the chavacteristics required. The device designer
knows the features and compromises required of the LIC.

It is often beneficial if a diserete version has been bnilt
to form a basis for discussion and to show feasibility. Of-
ten a diserete component hreadboard alone 1s suflicient to
determine adaptability to specifications. In areas where
parasitics are of coneern. a breadboard built with a device
such as the Westinghouse Insta-Cireuit is often. mvaluable.
This circuit, shown in Fig. 5. contains enough transisiors,
diodes, zener diodes. and resistors, all with assoeiated para-
sities and limitations. to make a meaningful hreadboard
design. (Other manufacturers also have array devices of
this type available to the designer —Editor)

Important Specifications & Reliability

The specifications that the engineer should he coucerned
with are as many and as varied as there are designs,
Naturally the important specifications are those relating to
svstem design requirements. Maxiimum device ratings such
as power, vollage, and current must be ohserved to insure
reliable operation. Environment must be considered.

Both ecommercial and military LIC devices are available.
The military devices are eapable of operation over a much
wider temperature range and under more adverse condi-
tions of humidity than commercial deviees. The military
devices, however. cost more due to lower yields.

The package should also be carefully considered. Pres-
ent LIC devices come in a number of packages including
TO-5 cans, flat packages, and the dual in-line package.

Reliability information on LIC’s is mainly extrapolated
from that available on digital IC devices. A low failure
rate and the fact that major emphasis in the military and
space agencies has been in the digital area have resulted
in less reliability information on the newer LIC’s.

Several years are required in order to accimulate suf-
ficient data to calculate meaningful failure rates. However,
by that time the fabrication techniques have improved and
the failure-rate information becomes obsolete. The figure
most commonly used at present is 0.019%/1000 hours. This
means one failure for every 10 million hours of operation.

Future activity in the LIC field will continue to he fast
and furious. Concentrated activity will produce a number
of new developments that will have cousiderable effect on
the LIC designer. This eflort will be both in the mono-
lithic and hybrid areas. Custom devices or those designed
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Fig. 4. (A) Lateral p-n-p and vertical n-p-n transistors.
Both are formed simultaneously with no extra process-
ing steps. The emitter and collector of the p-n-p are
formed during base diffusion of the n-p-n. (B) Com-
posite p-n-p transistor formed from lateral p-n-p and
vertical n-p-n. The low current gain of the p-n-p
is enhanced by the high current gain of the n-p-n.

tor specific functions will prevail rather than general-
purpose types.

New developments and technological iinprovements will
contribute to a continuing deeline in LIC prices. Perhaps
the decline won’t be as drastic as in the last few vears but
it will be substantial. A\ number of high-volume users
<till haven’t chosen to use LIC's. The present price is not
considered at a level to be competitive enough with dis-
crete devices to warrant altering present discrete designs.
Lower cost rather than performance. size. or reliability
must be the final consideration. Inereases in volume sales in
these areas will, as would be expected, give impetus to
still lower prices.

The total IC market in 1973 is estimated to be around
€865 million. Of this total. LIC devices will probably ac-
count for $240 million. This, in turn, will probably be
broken down into $90 million for military, $50 million for
mndustrial, and 8100 mithon for consumer.

Declining LIC prices will continue to cut into the
market for discrete devices but this will not render them
obsolete. The LIC is still limited to certain specific areas
in the market.

The engineer and technician niust become familiar with
LIC devieces, including their fabrication, assembly, and
use. If designs are to be optimized and subsystem trouble-
shooting time reduced, there is no substitute for knowl-
edge and experience. LIC devices are here to stay, and the
more the engineer knows about them, the better. A

Fig. 5. This monolithic IC ""breadboard’’ consists of an array
of transistors, diodes, zeners, and resistors that can be in-
terconnected many ways fo show the feasibility of a design.
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The author joined the company as a design engineer upon
his graduvation from Wesleyan University in 1958, after re-
ceiving his B.A. degree in physics. He received his M.S.
degree in physics from Williams College in 1962. He is the
avthor of more than a dozen technical papers on hybrid
circuits and is the holder of 3 United States Letters Patents.

Hybrid Linear
Integrated Circuits

By DARNALL BURKS / Department Head
Hybrid Circuit Development, Sprague Electric Co.

Using thin- and thick-film techniques along with monolithic
elements, hybrid has higher value and more accurate passive
components to complement the monolithic’s active components.

The first application of IC technology to the telephone set HE Institute of Electrical and Electronics Engineers
is this hybrid tone generator for Touch-Tone push-button

; ofi ithic i ireui .

Hding. Al fieinelstons, . diodes - afid GplHIEY Fesition defines mono/zf./nc mtegrate(z’. circut elt?mn nts as
are contained within the monolithic silicon chip about ¥ g- those that are formed on or within a semiconductor
in square at the center of the IC. Gold-tape leads intercon- substrate such as silicon. Film integrated circuit elements,

nect the film resistor and capacitor substrates, which com-

t ' S ! : on the other hand, are formed on an insulating substrate
prise the passive network for controlling calling frequencies.

such as a ceramic. Hybrid integrated circuits combine film
= : integrated circuits with monolithic IC’s and diserete ele-
ments.

As applied to linear integrated circuits, hybrid technol-
ogy can be used with any semiconductor or passive circuit
that can be made in discrete component form and. in many
cases. with improved performance. The monolithic tech-
nology restricts application to cireuits of lower power and
speed and less precise components. Where the monolithie
approach can be used in large volume, batch processing
using silicon planar technology is the least expensive meth-
od of fabrication.

A discussion of the advantages and disadvantages of
monolithic and hybrid integrated cireuits can be mislead-
ing because it implies that these are competitive and mutu-
ally exclusive techniques. In fact, monolithic and hybuvid
approaclies complement one another. The monolithic ap-
proach 1s less expensive for large quantities. The hybrid is
being used in a wide range of applications that are either
too exacting or too low in volume for monolithics to be
economically feasible. Furthermore, hybrids are being used
increasingly as embedding networks for monolithics. For
example, monolitlite operational amplifiers often require
various terminating or feedback networks, usually accurate
resistors and capacitors, not easily attainable in monolith-
ic form. Hybrid LIC’s are a natural for such use—the
monolithic circuit and its embedding network can be pack-
aged together or separately as desired.

Hybrid linear integrated circuits are now being used in
great variely and numbers. At the beginning of 1968 there
were reportedly more than 300 thick-film hybrid facilities
in the U. S. In 1967 the monolithic integrated circuit mar-
ket was about 46 million dollars. The hybrid LIC market
is not so easily analyzed because the captive (or in-house)
segment is a major part of the total. While estimates vary
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ADVANTAGES MONOLITHIC HYBRID
THICK FILMm THIN Film
1 Highest reliability, High reliability High reliability
MIL-S-750
2 Lowest cost (in volume) Low cost (even in
low volume)
3 High production (by batch [High production (by High production
process) mechanization) {automation)
4 Highest density (photo-
masking}
b} Standordization (butch
process)
6 Standard packaging
7 Wide choice of Wide choice of
materials materials
8 Wide choice of cam-
ponents & component
values
X Fair to good compo-  Best component
nent linearity & TC  linearity & T(
10 High compenent precision through trimming
n May be operationally adjusted 1o circuit
parameters
12 High-power capabitity
13 Multilayer intercon-
nections
14 High-frequency cap-  Highest frequency
abifity capability
15 Highest noise immun- Highest noise
ity immunily
[DISADVANTAGES  MONOLITHIC HYBRID
THICK Film THIN FILMm
1 Reliability not as well estabtished. Test
specifications not standordized.
2 Highest design and Highest cost
start-up cosfs
3 Most difficult to
mass produce
4 Lowest density
(printing}
5 Circuit types, materials, and processes not
standardized
6 Little or no package
standardization
7 Siticon technology
anly
8 Restricted choice of Lower sheet resistiv-
components, values, ities
and component mix
9 Highly non-linear char-
octeristics, high TC
10 Poorest component tol-
erances. Batch process
does not ollow individ-
val component adjust.
1 No operational adjust-
ment
12 Low power capability
13 Multilayer interconnec- Multilayer intercon-
tions difficult nections difficult
14 Limited frequenty cap-
obility
15 Lowest noise immunity

Table 1. Comparison of linear integrated circuit types.

This hybrid circuit is a complefe 455-kHz i.f. amplifier.

Four-channel active filter with monolithic and film elements.

widely, the total hyvbrid LIC market was probablyv well in
excess of that for monolithics while the non-captive por-
tion was about one-halt that of monolithies.

Types of Hybrids

Hybrid integrated circuits employ thnin-film and thick-
film techmiques. The thin-film cireuit utilizes vacuum-de-
posited films on an insulated substrate. The films may be
deposited by evaporation, sputtering. or chemical vapor
deposition and have a thickness measured in angstroms
(10A-10,000 A being a common range) .

Thick-film cireuits are constructed by printing patterns
on an insulating substrate and curing these in a furnace.
The most common deposition process is screen printing,

Toble 2. Characteristics of hybrid linear integrated circuits as compared with monolithic LIC's.

COMPONENT VARIETY
High-value resistors

High-value capacitors

Low-resistance conductors
Inductors and transformers Yes

Distributed coampaonents (delay Yes
‘lines, stripline)

HYBRID

50 M2max. (up to
1 ME2/square)
Screened thin-film,
50,000 pF max. Dis-
crete, 100 4F max.
10 M2/square

Semiconductors Any type
Semiconductor mix Any
COMPONENT PRECISION

Resistor tolerance 0.019%,
Capacitor tolerance +19,

Operational adjustment Yes
Temp. Coeff. of Res. (TCR)

=50 ppm/°C thin film
=200 ppm/°C thick
film

MONOLITHIC
20 k2 max.

300 pF max.

1-10 Q/square
Na
Limited

Planer diffused silicon
only {junction or MOS)
Limited

=+20%, absolute, =3,
ratio

+1209,

No

=500 to 2000 ppm/°C

COMPONENT PRECISION HYBRID MONOLITHIC
{continued)
Resistor tracking 10 ppm 10 ppm

Temp. Coeff. of Cap. {TCC) NPO (=30 ppm/°()
Temp. campensated RC's Yes
Discrete components Matched,

if necessary

< =100 ppm/°C
No

CIRCUIT FLEXIBILITY
Packaging
Pawer dissipation
Microwave circuits

Standardized
Approx. 1 watt {single chip}
Up to 50.250 MHz

Wide variety
Up to 100 watts
Stripline to 30-50 MHz

High voltage 1000 V 40 volts
(timited by
semiconductors)

A.C. line operation Yes No

Noise immunity As good as discrete cir-  Limited
cits

Embedding networks
for monolithic

Low set-up costs, fow
volume

Medium- and large-scale In development
integration
Volume High set-up costs, high

volume
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This is a hybrid digital-to-analog converter circuit using thin-
film precision resistor ladder network, thick-film termine-
ting network, and monolithic switch and buffer amplifier.

although decal transfer, steneile, and offset printing are
sometines used. Firing is usnally in air at 1000° to 2000°F,

The terms “thick-Alm™ and “thin-fikn® are misleading,
as some Lhiek films gre thinner than many vacunm-depos-
ited thin films. For example. screened and fred precious
metal film resistors ean have film thicknesses of 1004 or
less and range up to several mils (109 A) in thickness.
(Note that 1 mil equals 254.000 A)

The advantages and disadvantages of thick-film and
thin-film hybrid LICs are listed in Table 1 and are com-
parved to monolithie LIC’s. In general, thin filns provide
the most linear and controlled compouent parameters. A
good example is the sputtered-tantalum network tone gen-
erator for Touch-Tone® telephones. This network contains
precision thin-film RC networks. Thick films are less ex-
pensive but generally lave more nou-linear characteristies
than thin films. Recent developments have improved the
properties of thick-film components to within striking dis-

tance of thin films. Both films have high, proven reliability.
Reasons for Hybrids

There arc many reasons why a hybrid LIC may be pre-
ferred over a monolithic. The most important are listed
in Table 2 along with comparative specifications. These
reasons may be divided into three main categories: com-
ponent variety. component precision, and eircuit flexibility.

The silicon planar process imposes certain restrictions
on what component and component nuxes may be formed
in a monolithic IC. The hyhnd IC can utilize any com-
ponent in ilm or digerete form up to and including discrete
monohithic integrated cireuit ehips.

Similarly. the planar process has component precision
limitations. In spite of great monolithic improvements. the
attainable tolerance of film components is about a hundred
times betler. Likewise, discrete components may be tested
and matched before assembly. Finally. film components
may be operationally adjusted to a circuit performance
parameter such as tuning a notch {requency or roll-of
characteristic. For example, in the push-button telephone
tone generator, the frequency is adjusted to *=0.19p aud
the noteh depth to =0.5 (B, In addition to initial compo-
nent precision, film component stability i1s far better than
for monohthics.

Circuit flexibility is another veason for hybrids. Hybrids
may be used for microwave circuilry. for low noise or high
power applications, and for large- or medium-seuale inte-
gration. Hybrid packaging may take a variety of forms to
suit the occasion. Low =et-up and design costs make hy-
brids desirable for small quantity requirements (say under
30,000 units). Finally, hybrids are often useful as bread-
board and preproduetion designs, forming engineering pro-
totypes lor monolithie 1C’s. A

IC IGNORES TEMPERATURE CHANGES

ENGINEERS interested in developing high-gain operational

amplifiers with very low current and voltage drifts, can
now use a new solid-state device developed by Fairchild
Semiconductor. Called the pA727, it's a temperature-con-
trolled differential preamplifier which has 24 active elements
and an input impedance of 300 megohms over the —55°
to 4+125°C temperature range. The device's asymmetrical
input stages have two-dimensional or ‘‘quadrature’ cancel-
lation of thermal gradients. The chief applications for the
device are in analog computer amplifiers, integrators, solid-
state microvolt meters, and instrumentation amplifiers for
low-level transducers.

The new monolithic circuit is actually a second-genera-
tion device; it was developed from first-generation units such
as the pA702, xA703, uA709, and xA710 which did not meet
many of the user's requirements. The new IC’'s main at-
traction is that it is tailor-made to the user’'s needs.

The pA727 is complex in construction. The asynmimetrical
input stages together with an on-chip regulator circuit, which
maintains the die at a constant temperature independent of
ambient temperature variations, result in an offset voltage
drift of only 0.3 microvolt per degree centigrade. Offset cur-
rent drifts are correspondingly low—only 2 picoamps per
degree. Current ‘‘hogging' is prevented by diffusing multiple
emitter resistors on the chip. The resistors work with the 1.5-
watt power transistor in the regulator. This provides fast
thermal response and reduces temperature gradients. It's
the first IC of its type to employ such a temperature-control
technique.

Fairchild also uses new processing schemes to construct
the device. The resuit is high differential and common-mode
input impedances (300 megohms and 2000 megohms, re-
spectively). The new techniques also improve the second-
generation devices by reducing the input noise to 3
microvolts r.m.s., lowering the input offset current to 2

44

nanoamperes, and the long-term drift to 5 microvolts per
week.

The xA727 can be used to create ‘‘special-purpose’ LIC's.
For example, it can be used with a tA710 to make a high-
impedance precision comparator in a digital voltmeter; with
a 3701 multiplex switch, it will make a precision multiplex
sample and hold circuit. it can also be used as a replace-
ment for chopper-stabitized amplifiers. A
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The author is respensible for the application engineering work
on RCA’s LIC product line. His group designs and builds systems
using LIC's and prepares commercial data sheets and application
notes describing theii use. He has been active in the application of
semiconductor devices since joining RCA in 1957. He holds three
patents on circuits for communications and audio service and
has written technical papers and applications notes in both areas.

RCA Eiectronic Components

IC R.F. and LF. Amplifiers

By H. M. KLEINMAN / Engineering Leader, Linear Integrated Circuits Section

In order to select the proper integrated circuit for r.f. and
i.f. use, a knowledge of the most important characteristics
of the avatlable types is required, as covered in this article.

applications have captured the attentien of the

communications industry. At the end of 1967, a
total of 39 integrated circuits specifically designed for such
service had been announced. Their use in military and
commercial equipment, especially in FM and TV receiv-
ers, has ranked this group of devices as the second largest
seller, next to operational amplifiers. EIA figures for 1967
showed that 20 percent of the linear integrated circuits
sold were classified as r.f. or i.f. amplifiers.

Although integrated circuits have demonstrated good
performance and high reliability for r.f. and i.f amplifier
applications, their high cost has been a major deterrent
to their use in the consumer-equipment field. Prices are
coming down, and use has been increasing steadily.

To provide low-cost integrated circuits for this large
market, the manufacturer uses two basie design approaches.
One approach involves the manufacture of relatively sim-
ple, single-function, multi-purpose circuits. Economy is
based on the extreme versatility of the circuit. The RCA-
CA3005 differential amplifier, for example, can be used in
a4 communications receiver as one of the following stages:
an r.f. amplifier, mixer, oscillator, autodyne converter, if.
stage with a.g.c., limiter, or detector. In a lransmitter, this
same circuit may be used as a low-power oscillator, a fre-
quency doubler, or 2 balanced modulator. In a television re-
ceiver, this same ditferential amplifier may also be used as
a video amplifier. For the integrated-eircuit manufacturer.
this flexibility results in lower production costs because of
the larger volume of circuits that can be produced at a
given time. For the equipment manufacturer who uses
such circuits, this flexibility means that only a few basic
types need be purchased and stocked.

The other, more economical, approach toward low-cost
IC’s involves the manufacture of highly complex special-
purpose multiple-function integrated ecircuits which, al-
though less flexible than the single-function type, derive
their low cost from the number of functions they can per-
form simultaneously. The RCA-CA3042, for example, is
specifically designed to perform the complete souna-isi.
function In a conventional television receiver. The power-
supply regulator, i.f. amplifier, FM detector, and audio
driver are included in this eircuit.

Both single-function and multiple-function circuits gen-
erally incorporale a differential amplifier as their basic con-
figuration. In single-function multiple-purpose cireuits, the
differential amplifier provides extreme versatility for use
in a large number of ri. and 1.f. applications. In the more
complex multiple-function cireuits, the differential ampli-

l INEAR integrated circuits for r.f. and if. amplifier

July, 1968

fier provides sufficient gain per stage, good signal-handling
capability, and a minimum of feedback capacitance.

Differential Amplifier, Universal IC

Fig. 1 shows the basic differential-amplifier circuit. Tran-
sistors @1 and (2 form the differential pair; 3 is referred
to as the constant-current sink. By adjusting the base
supply voltage V., current through Q3 (In;), and there-
fore the total operating current of the circuit, is estab-
lished. The voltages applied to the bases of @1 and (2
then determine the proportion of the total ecollector cur-
rent flowing through Q1 and Q2. If Q1 and Q2 are well-
matched during fabrication, and the voltages applied to
their bases are equal, the corresponding collector currents
(I¢, and [s) are also equal.

The versatility of the simple single-function differential
amplifier for high-frequency communiecations applications
is achieved by eliminating the load resistors. Diflused load
resistors restrict the bandwidth of the amplifier. For max-
imum gain, such resistors should have high resistance val-
ues. A large-value load resistor, however, requires a very
large chip area which, in turn, results in an appreciable
distributed capacitance that limils the cut-off frequency
of the device. The distributed capacitance results because,
in the fabrication process, the diffused resistor must be
isolated from the grounded silicon substrate by back-
biased diodes. These back-biased diodes act as capacitors

Fig. 1. Basic differential amplifiea showing electron flow.

Ic Iec2
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Fig. 2. (A} Differential and (B) cascode operating modes

which shunt the load resislor at the higher frequencies.

The designer’s answer for complete flexibility of the dit-
ferential amplifier is to eliminate the diffused load resistors
and use r.. or i.f. transformer coupling. In the case of eom-
plex multi-function mtegrated ecircuits, the designer uses
very low values of load resistors to provide a number of low-
gain stages that add up to a high-gain amplitier. For ex-
ample, one circuit uses three low-voltage-gain stages that
provide a total of 70 dB of gain at low frequencies.

Flexibility of the differential amplifier also results from
the vartous ways in which the ecircuit can be connected.
Fig. 2A shows the differential mode of Opel.mon The sig-
nal is applied to the base of @1 and the load is connected
to the collector terminal of Q2. The base circuits of tran-
sistors Q2 and @3 are at a.c. ground. Because the output
impedance of the grounded-base transistor @3 is high, all
of the emitter current in @1 flows into the emitter of (2.
The result is & common-collector amplifier driving a com-
mon-base amplifier. Although the transconduetance (C,))
of the integrated circuit is only one-fourth that of a single
transistor drawing the same operating current, the output
nnpedance may be higher, thus compensating for the lower
G, to provide comparable cireuit gain.

Fig. 2B shows the cascode mode of operation. The sig-
nal is inserted at the base of ()3, and the load is connected
at the collector of @2. The bias on Q1 and Q2 is such that
Q1 1s cut off; 1.e, the collector current of (1 is zevo.
Therefore, the ecircuil is essentially a common-emitler
amplifier driving a common-base amplifier.

Table 1 shows some of the eclectrical charaeteristics of
the RCA-CA3005 operated in both the differential and the
cascode modes. The differential amplifier provides very
low values of feedback capacitance (Cyy) as compared
with a single transistor of equal transconduclance. In the
differential mode, the feedback capacitunce is 150 times
less Lhan that obtained from a single transistor at frequen-
cies up to 10 MHz. The cascode mode shows even belter
isolation (lower Cyy), with feedback capacitance reduced
by more than 1000 times compared to a single-transistor
circuit,

Signal-handling capability of an active device is mea-
sured by means of the ag.c. characteristic. This curve
shows the level of mlerfering signal required to obtain 3
percent cross-modulation of a desired signal at various
levels of gain reduction produced by the a.g.c. signal.

The signal-handling capability of the differential ampli-
fier is approximately equivalent to that obtained from a
single bipolar transistor. The presence of interfering sig-
nals from 10 to 30 millivolts produces objectlionable cross-
modulation over most of the a.g.c. range. At present, the
best eross-modulation performance is obtained from a dual-
gate MOS field-effect transistor which may result in a ten-

a6

Freq. Ria Cin Rout Cont (¢ (3
(MHz) Q (pF) (k) (pF)  (mmhos)  (pF)
DIFFERENTIAL OPERATION

1 2500 16 100 40 20 0.03
10 1800 13 40 4.0 20 0.03
40 670 105 28 76 18.6 0.04

CASCODE OPERATION

1 500 42 1670 30 78 0.001
10 500 42 1670 30 77 0.001
40 180 22 600 30 58 0.01

Table 1. Comparison of characteristics of the CA3005 inte-
grated circuit employed in differential and cascode modes.

fold improvement in the cross-modulation perforinance.
Reliability

Reliability is an important reason for using an integrated
cireuit in place of a discrete-component cireuit. Reliability
can be rouglly measured by counting the number of solder
connections in the circuit. Because a solder connection is
a possible point of failure. more solder points make it
more likely that the civenit will fail. When an integrated
circuit is used to replace a number of functions in a dis-
crete-component circuit. the interconnections between these
functions are made on the chip and not on the printed-
cireuit board. Therefore. the total number of solder con-
nections is reduced.

Reliahility is also measured by system performance un-
der extreme changes in temperature. For military and
space applications, the normal operating-temperature range
specified is from —35 to 125° The designer of a dis-
crete-component circuit maintains the required gain in this
temperature range hy incorporating special compensating
devices such as diodes and positive- and negative-coefh-
cient resistors. These components add to the total number
in the system and thus increase the failure probability.
The user of integrated eireuits. however, can seleet a single
device thal includes all of the necessary compensating de-
vices for constant gain over the temperature range. Fig.
3 shows gain as a function of operating temperature for
the RCA-CA3002 1f. amplifier. This circuit provides 27
+0.5 dB of gain at 1 MHz over the entire military-tem-
perature range.

In military and industrial applications, reliabiity is also
measured by the period of time the equipment is inop-
erative as a result of component failure. The coneentra-
tion of funections in a few integrated circuits instead of in
a large number of separate components decreases the time
required for diagnosis and replaceinent of the defective
component and decreaxes equipment “down” time.

Single Funetion Circuit Applications

The simple diflerential amplifier driven by a constant-
current transistor represents the optimum cireuit config-
uration for a limiter. A notable feature of this configuration
is that the collector saturation region of cither g1 or Q2
can be avoided because the peak-to-peak current swing
measured al the output is controlled by the current level

set by @3.

Fig. 3. Variation in gain with temperature of IC i.f. amplifier.
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Fig. 4 shows the portion of the current Ioy flowing in
either of the differential transistors as a function of the
differential input voltage. When the peak-to-peak current
swing has been accurately measured, a load resistance is
selected to assure that the collector voltage of ()2 never
becomes less than the base voltage. Under this restricted
current swing, the output resistance and capacitance of
the limiter circuit are maintained reasonably constant and
the tuning characteristics of the load are not degraded.

Fig. 5 shows the differential amplifier as a typical
mixer. The oscillator signal is connected to the base of Q3
and the r.f. signal is applied to the difterential pair. (Either
a single-ended or a balanced drive may be used.) The
center-tapped load provides cancellation of the common-
mode oscillator signal so that none appears in the subse-
quent 1f. amplifier. A resistor (Ry) is included in the
emitter circuit of @3 to improve the cireunit linearity with
respect to the oscillator signal. The more nearly sinusoidal
the oscillator current in @3, the better the mixer rejects
spurious responses. When a balanced r.f. input is used,
spurious responses are further reduced because the even
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Fig. 4. Transfer characteristic of I1C limiter circuis.

harmonics of the r.f. signals are cancelled. Although the
spurious-response performance of the miver improves as
the oscillator voltage is decreased, the conversion gain
also decreases.

If @1 and Q2 are closely matched, cancellation of the
oscillator signal is nearly complete and this cireuit may
also be used as a balanced modulator. The modulating
signal is applied to the differential pair, and the carrier
signal is applied to the base of (3.

Fig. 6 shows the differential amplifier as an autodyne
converter. Again, the oscillator signal is connected to the
base of @3, and the r.f. signal is applied to the differential
pair. Because all of the eurrent in the collector of (3 flows
to the power supply V. the current flowing in the oscil-
lator tuned circuit is independent of the r.i. signal. As a
result, the oscillator is not susceptible to pulling or block-
ing, whicli are typical problems associated with conven-
tional single-transistor autodyne converters.

Multiple Function Circuit Applications

Although the simple single-function differential ampli-
fier finds wide application as an rf. or an if. amplifier
stage, it is more economical to manufacture a more com-
plex integrated circuit that functions as a complete sys-
tem. Fig. 7 is the schematic diagram of the RC.A-CA3023
wide-band amplifier. This circuit is specifically designed as
a multi-stage i.f. amplifier and is capable of proveling be-
tween 50 and 60 dB of gain at frequencies to 10 MHz.

The circuit contains two voltage amplifiers, Q1 and Q4.
The emitter follower Q3 provides both impedance match-
ing and level shifting between Q1 and Q4. The emitter fol-
lower QG provides a low-impedance output. Diode D1

July, 1968

I.F.QUT

Fig. 5. Differen-
tial amplifier em-
ployed as mixer,

~VEE

provides bias stabilization. Internal d.c. feedback is also
included. Automalic gain control is provided by Q2 and
(5. When pin 2 1s connected to the “V+4 voltage, these
transistors are n saturation. As a result, the emilter cir-
cuits of )1 and Q+ contain a very low resistance and their
gain is maxiinum. When automatic gain control is applied
to reduce the voltage at pin 2, the transistors come out of
saturation, present a higher impedance emitter circuit to
Q1 and Q4. and thus decrease their gain. For gain reduc-
tion greater than 35 dB, the circuit has bhetter signal-han-
dling capacity than the dual-gate MOSFET.

Iig. 8 shows the RCA-CA30t1 integrated circuit used
to perform the sound-i.f. funetion in a conventional tele-

Fig. 6. Differential
amplifier used as
autodyne converter.

RF.
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vision receiver. Designed to operate from the sound take-
oft at the first video detector, this circuit provides tull
limiting for input signals above 200 microvolts r.am.s, The
cireuit can be connected directly to a conventional power
amplifier tube such as the 6AQ5.

Proper Selection and Precautions

Selection of the proper integrated circuit for a particular
r.f. or i.f. application is based on several important con-
siderations: the size of the production run. the performance
level required, the fexibility of the IC. and the expected
life of the design in which it is used. A highly tlexible eir-
cuit has the advantage of requiring fewer different parts
to be slocked. When flexibility is not considered important,
the designer should look to the more complex, multiple-
function circuits. Even when all the functions of a particu-
lar integrated circuil are notl required. these circuits may
still he more economical than a relatively simple type he-

cause of the price competition in this area. At $1.75.
quantities from 11 to 100, the RCA-CA3011 provides an
economical 70-dB amplifier-limiter: in addition, a pair of

matched diodes and an audio amplifier are included.

\lthough good layoul techniques are important for the
proper operation of any high-frequency circuit, they are
especially important when integrated eireuits are used. The
maximum stable or usable gain (MUG) is an inverse fune-
tion of the feedback capacitance (', as follows: MUG=
1/27fC 5. Therefore, special care must be exercised to
minimize the capuacitive feedback between input and out-
put cirecuits. In the circuit of Fig. 8, for example, the load
resistance is 1000 ohms, transconductance is 2300 tmhos, and
the maximum usable gain for 65 dB of gain is 3 x 108, By
transposition of the above equation to solve for C'py. the
maximum allowable feedback capacitance in this cireuit
is found to be less than 0.01 picofarad.

Because of this restriction in capacitive feedback, sock-
ets should not be used at r.f. frequencies above a few
megahertz. If a socket must be used. lowever, a hole
should be drilled parallel to the axis of the socket and a
grounding screw inserted to winimize the ecapacitance. A
good method with a dual in-line socket is to split the
socket and insert a thin metal grounding shim down the
spine.

Lead inductance must also be minimized when integrated
circuits are used. A common impedance of 1 ohm shared
by the input and output circuits can cause oscillation with
this circuit; an impedance of only 025 ohm can make
tuning of the circuit very difficult.

Although some precautions arve required in laying out
this eircuit, a compact layout with no special shields or
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Fig. 7. Schematic of the CA3023 wide-band i.f. amplifier.

However, ways of handling and supporting the structure
during and after fabrication are the main problems asso-
ciated with this method. One solution may be the use of a
plastic film, such as Teflon, as a base on which the inte-
grated-cireuit chips are mounted. The film can support the
chips during etching and contain the external connections.

The fabrication of MOS transistors and bipolar transis-
tors on the same chip is also expected to result in superior
cross-modulation performance and overload capability for
r.f. amplifier applications.

Performance is also expected to improve with the ad-
venl of new circuit configurations. One present develop-
nient is a 3-stage, all-transistor IC that provides t3-dB of
gam with a 3-dB bandwidth of 400 MHz and gain stabil-
ity of =0.3 dBB over the entire military temperature range.

For the present, integrated circuit manufacturers will
continue to provide relatively simple multi-funetion ¢ir-
cuits with increasing levels of performance. The trend for
the future is toward highly complex special-purpose cir-
cuits for large-volume manufacture. As performance and

ground planes can be employed. demand mcrease, the price will continue to decrease. A
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The author, in his present position, is concerned with all
smali-signal discrete-component and linear integrated cir-
cuit applications up to 100 MHz He holds a BSE In Electri-
cal Engineering (1964} from Arizona State University and
expects to receive his MSE degree from ASU in June 1968.

Monolithic
Operational Amplifiers

By BRENT WELLING/ manager, Signal Processing Applications

Motorola Semiconductor Products Inc.

One of the most important and versatile LIC, the op amp 1s
saving expensive design and development time. Operating
principles, important parameters, and applications are given.

HE past few years have seen a marked increase in

interest in the operational amplifier. This interest

has come now after many vears in which few engi-
neers used or thought about op amps except for special-
ized uses. such as analog computers and servo controls.

The rise in interest is due to the recent availability of
high-performance monolithic integrated circuit op amps
at very low prices. Some operational amplifiers are now so
inexpensive that they can be used in hundreds of applica-
tions no one would have considered before. With this dra-
matic drop in prices, designers have discovered the con-
ventence of using op amps to simplify their work and save
expensive design and development time.

An operational amplifier is a high-gain. direct-coupled
amplifier designed to be used with heavy external nega-
tive feedback. This feedback is so great that it almost
completely determines the characteristies of the amplifier,
making it convenient for the user of an op amp to obtain
the characteristics he wishes by choosing the proper feed-
back network,

The name “operational amplifier” is a rather misleading
designation. It comes from the original use of such ampli-
fiers: they performed mathematical operations such as ad-
dition, subtraction. multiplication, integration, averaging,
and scaling in analog computers.

The greatest application of monolithic operational ampli-
fiers is as easy-to-use amplifiers rather than as function
generators or other specialized uses. The op amp is a
very convenient. easily controllable block of gain. A de-
signer need only choose two resistors to get any reason-
able value of amplification where he needs it. without
spending expensive design time developing an amplifier.
Op amps are used as lincar amplifiers in this way in servo
and process controls, signal conditioners and filters. in-
put amplifiers, analog instnuments and impedance trans-
formers, and voltage and current regulators.

They are also used to perform the mathematical opera-
tions mentioned before and other types of non-linear ana-
log aplications, such as analog-to-digital converters, dig-
ital-to-analog converters, nonlinear function generators,
logarithmic and exponential amplifiers and voltage com-
parators, and specialized rectifiers.

Operational amplifiers using discrete components have
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been available for many vears, but only at high cost. This
has made their use practical only for a few specialized ap-
plications. The average designer could not use operational
amplifiers costing %50 to $200 each in equipment. Mono-
lithic operational amplifiers. on the other hand. are very
inexpensive and are practical for many applications,
Thanks to IC’s. op amps have evolved from specialized to
general-purpose components.

Monolithic operational amplifiers have two advantages:
small size (and weight) and low cost. These advantages
have opened hundreds of new applications. Discrete-com-
ponent and hybrid op amps can now offer better spe-
cialized performance for some applications since they can
mcorporate high-voltage transistors, better p-n-p and n-p-n
complements. field-effect transistors. and resistors with
better properties. But thesc excellent properties are not
necessary in many uses. while a low price is.

Differential Amplifier

The basic building block that is employed in the design of
an integrated-cireuit operational amplifier is the differ-
ential amplifier (Fig. 1A). This circuit is excellent for
use in monolithic op amps because it is a stable circuit
well adapted to d.e. coupling. Hence. capacitors need
not be used within the IC, It provides excellent tracking
and gain linearity with temperature changes. since hoth
transistors can readily be made to have nearly identical
characteristics. Gain in a differential amplifier is depen-
dent on resistance ratios rather than on absolute values of
close-tolerance resistors, which are difficult to control in
IC manufacture.

The most significant aspect of the differential amplifier
15 its versatility. If a signal is applied differentially he-
tween the bases, so that one base goes positive while the
other goes negative with respect to the emitters, current
will rise In one transistor and fall in the other. This will
cause a large voltage difference between the collectors.
However, if a signal is applied to both the inputs in-phase
(a common-mode signal), the collector voltages will be
in-phase and the voltage across the differential output
terminats will be zero. This feature yields a high degree of
interference rejection since interference signals are largely
commmon mode.
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However. many applications require single-ended out-
put from a differential pair. Even in this case. there is
substantially less amplification of common-mode signals.
This is due to the degeneration across the common-emit-
ter resistor. With a common-mode signal, current increases
in both transistors causing the voltage drop across the
emitter resistor to rise. This reduces amplification and
leads to low gain. With differential input, on the other
hand, the current through the resistor remains relatively
constant as the differential amplifier transistor currents
seesaw,

A high value of resistance is necessary for best rejection
of common-mode signals with this cireuit. but high-value
resistors are difficult to manufacture monolithically. In-
stead. a constant-current source consisting of a transistor.
a diode. and a few low-value vesistors are normally used
(Fig. 1B). This holds the total current through the tran-
sistors constant, providing even better common-mode re-
Jection than with a high-value emitter resistor and also
reduces the need for excessively high power-supply volt-
age.

The differential amplifier has a choice of inputs and out-
puts, The output and input can either be balanced differ-
ential or single-ended. In single-ended use, the input sig-
nal can be applied between either base and ground (Fig.
1C) 1f an a.c. signal is applied to the inverting input. the
single-ended output will be 180° out-of-phasc. The single-
ended output will be in-phase with the non-inverting in-
put because the two transistors are in a common-collector,
common-base cascode arrangement.

Operational-Amplifier Configuration

Monolithic operational amplifiers generally follow the
block diagram shown in Fig. 2. The input stage is a differ-
ential amplifier with emitter current supplied by a con-
stant-current source. This stage usually has the highest
gain, Consequently, the collectors of the input stage are
normally made available at external pins for frequency
compensation.

An ideal operational amplifier would exhibit an infinite
input impedance. Unfortunately, this is impossible to ob-
tain. However, impedance levels of several hundred kil-
ohms or more can be realized with a monolithic opera-
tional amplifier. A circuit often used to get this high
impedance is the Darlington-configuration amplifier shown
in Iig. 8A. The input resistance of the pair of transistors
is equal to the input resistance of 2 multiplied by the
beta of @1. This high impedance is gained at the expense
of bandwidth.

The intermediate stage (Fig. 2) provides some amplifi-
cation; more important, though, it buffers the input am-
plifier from the output. This stage does not require a
constant-current source for emitter current because the
common-mode rejection of an operational amplifier is de-
termined primarily by the performance of the input stage.
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Fig. 1. (A) Basic differential amplifier. (B) Use of constant-current source. {C} Single-ended operation.

The output of operational amplifiers is usually single-
ended rather than differential. However, the single-ended
output from the intermediate stage is at a quiescent d.c.
level above or below ground. This level must be translated
by a d.e. level shifter so that the quiescent d.c. output
voltage will be at zero, preventing any undesired d.c. cur-
rent in the load.

The output stage in most operational amplifiers employs
a class-AB amplifier with single-ended input and output.
Temperature compensation and negative feedback compli-
cate the circuit slightly, but lead to excellent performance.

Most operational amplifiers are designed for use with
split supply operation, that is, using equal positive and
negative voltages with respect to ground. This simplifies
offset problems (obtaining zero ouput voltage with no in-
put) and keeps unwanted direct current out of the load. It
also leads to simple biasing of the input stage. An op amp
can be used with a single supply for many a.c. applications
if necessary.

The plot of gain and phase shift from non-inverting in-
put to output for a properly compensated op amp is
shown in Fig. 38B. The phase shift must be less than 180°
at frequencies where the amplifier has gain greater than
one or it will oscillate. There is little or no phase shift for
the low-frequency, coustant-gain portion of the response.
At the corner frequency, there is approximately 45° phase
shift. At the higher frequencies, greater shift occurs. This
is due to stray capacitance and lead inductance. At frequen-
cies above the unity-gain crossover, phase shift may exceed
180°, but the amplifier cannot oscillate at these frequen-
cies because of the lack of amplification.

Terminals are provided on most monolithic op amps to
connect proper frequency-compensation cireuitry., This
compensation is necessary for stable operation and good
high-frequency performance. Instructions for compensat-
ing an amplifier to meet different requirements are sup-
plied on data sheets available from the manufacturer.

A High-Gain Operational Amplifier

The schematic of a high-performance, high-gain IC op-
erational aniplifier, Type MC1533, is shown in Fig. 4. This
op amp has a typical open-loop gain of 60,000. Some other
typical characteristics are low voltage drift with tempera-
ture change (%35 uV/°C), large output-voltage swing (up
to =13 V with a *15-V supply), low output impedance
(100Q), high input impedance (1 M), high common-
mode rejection (100 dB), and low input-offset current

Fig. 2. Block diagram of an IC operational amplifier.

LEVEL
[TRANSLATOR]

ELECTRONICS WORLD

www.americanradiohistorv.com


www.americanradiohistory.com

(80 nA). Cost for the inexpensive, limited-temperature
range, plastic-encapsulated version, the MCI1433P, is $6 in
quantities of 100.

This amplifier follows the block diagram of Fig. 2. The
input stage uses Darlington differential amplifiers (Q1,
Q2 and Q3, @4) for high input impedance. Separate cur-
rent sources are used for input transistors Q1 and Q4% in-
stead of a single current source for the whole stage. This
provides constant collector currents to 1 and Q4; hence,
the Darlington characteristics are independent of beta.

Temperature compensation of the input stage is accomp-
lished by feedback from the second stage through the
28.000-ohm emitter resistor. If current in the first stage
increases due to temperature rise, the voltage across the
8500-olim resistor at the base of @7 drops, reducing the
current aund stabilizing the amplifier. This action is known
as common-mode feedback.

Q10 is a low-gain lateral p-n-p transistor which drives
emitter-follower Q11. Q10 and Q11 shift the quiescent d.c.
level applied to driver Q12 to almost zero. Negative feed-
back is applied to these stages from the output to reduce
crossover distortion,

Q12 is the driver for the complementary-symmetry out-
put stage. The output transistors are biased class-AB for
efficiency and low distortion. Bias is supplied by the volt-
age drop across D2 and D3, which provides a small
quiescent forward current to these transistors.

Temperature compensation to transistor Q10 is provided
by diode D1. This diode has little effect on the perform-
ance of Q9 since it simply provides a voltage drop that
decreases slightly with increasing temperature, but it is
also in the highly voltage-sensitive base-emitter circuit of
Q10. Thus D1 compensates for any temperature variations
in the Vyyg of Q10.

Two unusual features of this op amp are a choice of the
amount of amplification and an input-offset-adjust termi-
nal. The amplifier is in the high-gain stage if pin 7 is
tied to “V+". Leaving pin 7 open reduces the gain to
about half (6-dB loss) due to emitter degeneration in
Q10. Input offset of the amplifier can be adjusted to zero
by varying the voltage between pin 8 and "V+".

Operational Amplifier Applications

The functional symbol used for an operational amplifier
is shown in Fig. 5A. It has three terminals; the output,
an inverting input, and a non-inverting input. A good
operational amplifier has very high input impedance, very
high amplification (open-loop gain), wide bandwidth, very
low output impedance and low offset (d.c. output with no
input) . An amplifier with these characteristics might seem
to be of limited use in common amplifier circuits since
even a very small input signal would saturate it, causing
the amplifier to act more as a switch than an amplifier.
However, the operational amplifier is almost always used
with heavy negative feedback that modifies its perform-
ance and results in the characteristics that have made op
amps so popular.

The Inverting Amplifier: The basic amplifier configura-
tion is the inverting amplifier shown in Fig. 5B. Very
little current flows into input terminal A (the inverting
input) because of the very high input impedance of the
op amp. This means that there is almost no voltage drop
across the input terminals, so terminal A is virtually at
zero potential (0 V). This fact is very useful in analyzing
op-amp circuits.

The voltage amplification of an inverting amplifier using
an operational amplifier with very high open-loop gain is
equal to —Rp/R;. Thus, almost any desired value of amp-
lification can be obtained through proper choice of the
feedback-resistor ratio. This circuit can provide a gain of
less than unity.

The input impedance of an inverting amplifier is ap-
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Fig. 4. Schematic of a high-gain IC operational amplifier.
Compensation circuits are connected to the lag terminals.

proximately equal to R;. This resistor is usually not more
than 100,000 ohms in practical circuits.

Non-Inverting Amplifier: Another popular operational
amplifier configuration is the non-inverting amplifier
shown in Fig. 5C. In this circuit, a positive input gives
a positive output. Amplification of this circuit, which is
equal to (BR; + Rp)/Rior1 + (Ry/R}), can be any value
greater than one. This circuit is very useful where a very
high input impedance is needed. Since almost no curreunt
flows into the input terminal, the impedance is often
10 to 500 MQ. This circuit is also excellent as a buffer
since it does not invert the input. Neither input terminal
of the op amp can be grounded in this amplifier.

A special case of the non-inverting amplifier is the one
in which Ry is infinite (in other words, an open circuit)
and Ry is any finite value including zero. This circuit is
called a voltage follower and is shown in Fig. 5D. The
voltage follower has unity gain, very high input imped-
ance, low output impedance, and no phase shift at low
frequencies, making it an ideal buffer.

Differential-Input Amplifier: Fig. 5E shows an opera-
tional amplifier arranged for differential input (subtrac-
tion) . The output is directly proportional to the differen-
tial input voltage: V/V;= (R/Ry) (V3—V 1) . The input
is left floating above ground.

Operational amplifiers are very versatile. No article
could do more than merely hint at the vast number of
applications for which they can be used. By outboarding
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R(C" components to the various terminals of 1C op amps,
it is possible to produce wide-band audio or r.f. amplifiers,
oscillators and filters, adders and subtractors, integrators
and logarithmic amplifiers, voltage regulators, and nany
other circuits. The manufacturers of op amps have avail-
able a large number of application notes showing just
what interconnections are required for their products and
what values of external RC components must be used for
these applications.

Gain: The open-loop amplification or gain, Ay, of an
operational amplifier is the ratio of output voltage to input
voltage without feedback. This ratio can be expressed as
a simple ratio or as a logarithmic ratio in decibels. An
“ideal” operational amplifier would have infinite gain;
practical IC op amps have open-loop voltage gains be-
tween 3000 (70 dB) and 100,000 (100 dB).

Closed-loop gain is the ratio of output voltage to input
voltage with feedback. The difference in decibels (or ratio)
between open-loop and closed-loop amplification is called
loop gain. This loop gain can be thought of as the sacrifice
in gain due to feedback. However, as is true in any ampli-
fier, this feedback provides a number of advantages. par-
ticularly a decrease in sensitivity to changes in open-loop
parameters, better stability, improved gain accuracy, high-
er input impedance, and lower output impedance. It is
easy to see that the greater the open-loop gain available,
the more loop gain can be used to increase stability and
accuracy. Loop gain will not affect drift, noise, and offset.
Because of the decreasing amplification of an op amp with
imcreasing frequency, high open-loop gain is also valuable
in providing amplification at high frequencies.

Impedance: The open-loop output impedance of an oper-
ational amplifier should be as low as possible. Practical
op amps have typical open-loop output impedances be-
tween 20 to 2000Q. Closed-loop output impedance is equal
to the open-loop impedance divided by the loop gain. For
example, the MC1533 op amp has a typical open-loop out-
put impedance of 1009Q. If it is operated with a loop gain
of 40 dB (100), the effective impedance is 10092/100 or
12 (plus, of course, the resistance in any leads between
the feedback point and load). This would usually be in-
significant compared to the feedback resistance, which is
likely to be 10kQ to 1 MQ. Effective output impedance in-
creases with frequency as a result of decreasing loop gain.

The open-loop input impedance of an operational am-
plifier should be high compared to any feedback resistors
to avoid excesstve shunting. Practical IC op amps have
input impedances between 10 k2 and 2 MQ or even high-
er. The closed-loop input impedance in the inverting con-
figuration is equal to the input resistor, and the closed-
loop input impedance in the non-inverting configuration is
equal to the open-loop input impedance multiplied by
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loop gain and may be hundreds or thousands of niegohms.
The primary effect of low open-loop input impedance is a
reduction in loop gain and a consequent loss of accuracy.

Common-Mode Rejection: One of the advantages of the
differential-amplifier configuration is its rejection of com-
mon-mode voltages. A voltage that appears at each input
should bhe amplified equally, resulting in no differential
output. In practice. however, no two amnplifier stages will
be perfectly matched, so that an operational amplifier is
not completely immune to common-mode voltages. The
ratio of the change in output voltage to the change in the
input common-mode voltage producing it. divided by the
open-loop gain is called the common-mode rejection ratio.
The logarithmic ratio. which is called common-mode re-
jection (C'M,.5) is usually used for this expression. CM
of 80 to 100 dB are typical for monolithic operational am-
plifiers. Common-mode rejection is not significant in the
inverting configuration since one input is grounded.

Offset: The slight mismateh of components in any prac-
tical operational amplifier causes a small d.c. voltage to
appear at the output even with no input. The voltage re-
quired at the input to balance the differential stages and
produce no d.c. voltage output is called the input offset
voltage V' ,. It can be considered a small voltage in series
with one of the inputs. The input offset voltage is insig-
nificant in some applications, but it can be balanced out
if necessary by applying a slight bias to one of the inputs
or to a special terminal provided. Unfortunately, the offset
vartes with temperature, making balancing adjustments
useful only over a limited range. The input offset voltage
for the MC1533 is typically 1 mV.

Input offset current, Iy, like Vyy. is an indication of
the matching of the differential stages. Iy, is the difference
in input base bias current required by the differential in-
puts for equal emitter currents. Also like 1714, /1o should
be as small as possible, particularly in precision applica-
tions. Typical I}, for the MC1533 is 0.03 pA (30 nA).

Bandwidth: There are two significant frequencies in the
response curve of a good operational amplifier, the fre-
quency at which the gain has dropped 3 dB below the
open-loop low-frequency value (3-dB bandwidth or corner
frequency) and the open-loop unity-gain crossover fre-
quency. Either can be considered as bandwidth, so speci-
fications should be read carefully.

Last year, total U, S. linear integrated circuit factory
sules were 7.4 million units valued at $45.7 million. Of
this, 1.9 million units valued at $20.7 million were IC
op amps. This represents 45% of the dollar sales and 26%
of the number of units. Total linear IC sales are expected
to rise to the $72 million this year and we expect the sales
of op amps to rise rapidly as more designers discover the
versatility of this important LIC. A
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The author received his BSEE from City College of New York in 1962 and his MSEE from Rutgers University in 1965.
Upon graduation he joined RCA as a specialized trainee, and was eventually assigned to the RCA Space Center, Astro-
Electronics Division. Late in 1964 he transferred to Electronic Components where he is currently working in the Advanced
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author of two technical papers on integrated MOS digital arrays. He also holds one patent and has several more pending.

Large-Scale Integration
of Linear IC’s

By STANLEY KATZ /Engr., Linear Integrated Circuits Section

RCA Electronic Components

A complete transmitter or receiver on a chip is yet to come,

but work now underway on LSI is bringing this goal closer.

ROBABLY the most dramatic trend in integrated-

circuit technology is the fabrication of large electronic

systems or functions on a single silicon chip. This con-
cept ix generally referred to as large-scale integration (LS1)
or large-array technology. and much has been done on LSI
for digital-circuit applications. The extension of LSI to lin-
car-amplifier functions is expected to receive similar aceept-
ance. An example of what large-scale linear integration
(LSLE) can produce is a high-performance, highly reliable.
low-cost communications receiver or transmitter complete
on a single chip of silicon.

The advantages of large-scale integration are obvious. The
fabrication of complex multi-stage circuits containing both
active and passive elements on a single chip is much less ex-
pensive than the construction of individual discrete-com-
ponent stages which must be hand-wired together. In the
fabrication process many such complex circuits are pro-
cessed simultaneously on one silicon wafer. The components
for cach circuit are first diffused into the silicon and then
reliably mterconnected. The wafer is then seribed into sepa-
rate chips each containing a complex circuit that exhibits a
high packing density,

Besides being smaller, more veliable. and less expensive to
make, L51 circuits perform hetter than equivalent discrete-
component circuils because both lead inductance and ca-
pacitance are minimized. In addition, because all compo-
nents are on the same substrate, they exhibit better thermal
tracking characteristies.

Limitations of LSLI

At present. the major obstacle to the development of large
linear arrays is the low yield. From a statistical viewpoint,
ax the amount of components to be integrated increases. the
over-all yield per chip decrcases. One altempt to improve
the yield involves use of what is called discretionary wiring.
Instead of evaporating metal interconnections over the en-
tire wafer, cach individual circuit is first electrically tested
and then a computer generates an interconnection pattern
that avoids the defective units. The computer uses its “dis-
cretion” in selecting and wiring the individual circuits. To
compensate for the number of defective circuits, more con-
ponents than required by the system are diffused into the
wafer. A major drawback of discretionary wiring is that
every wafer requires a different complex metallization mask.

Another obstacle to the development of large-scale linear
circuits is the present requirement for additional external
compouents, e.g., transformer, inductors, and relatively
large capacitors, Because of the relatively large size of these
components, sometimes little advantage is gained by reduc-
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ing the space consumed by the remainder of the circuit, The
additional components also increase the number of external
connections required and Uherefore decrease the yield and
increase the package requirements. For certain applications,
the power-dissipation rating of the present package may
also limit the size of the array. Much progress is being made,
however, toward developing high-yield bonding technigues
and packages capable of containing a large number of pins
and dissipating greater amounts of heat.

Bipolar or MOS Arrays

In the relatively near future. large lincar arrays will be
fabricated by either of two processes. In the conventional
diffused planar-epitaxial process used for present bipolar
integrated circuits, a total of six masks. four diffusion steps,
and the growth of an epitaxial layer is required. Compo-
nents of the circuit are electrically isolated from one another
by reverse-biased p-n junctions.

Metal-oxide semiconductor (MOS) technology is an al-
ternate and more promising approach to large-scale linear
integration. Because the integrated MOS field-cffect tran-
sistor is much smaller than an integrated bipolar device. a
tenfold increase in array packing density is achieved. Fab-
rication of this device involves only four masking operations
and one diffusion. Because large isolation regions are elimi-
nated. a minimum of silicon area is used. Other advantages
of MOS transistors are that they exhibit extremely high
input impedance. low distortion. and permit amplifier stages
to be direet-coupled without level shifting. The MOS struc-
ture may also be used to form capacitors and large-value
resistors with less chip space.

The expectation is that more complex linear functions
will be perforined by the MOS structures. For simpler struce-
Lures, however, or those requiring higher transconductance
per area, higher frequency response, and greater power-
handling capability, bipolar structures will be used.

In present linear integrated circuits, a single layer or level
of metallization provides the electrical connections for all
components of the circuit. The metal is evaporated onto a
layer of silicon dioxide which passivates the silicon surface
and insulates the metal from the diffused components.

In large-scale linear integration, however. two or more
layers of metallic conductors will be used, with a significant
saving in silicon surface area. Crossover conneclions between
layers will be isolated from one another by layers of insulat-
ing material. Although there are some difficulties associated
with this multi-level process, several manufacturers have
already reported the successful development of the tech-
nique. A
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Audio-Frequency
Integrated Circuits

By DWIGHT V. JONES / Semiconductor Products Dept., General Electric Co.

The audio IC, although the last to enter the marketplace, is now finding
increased use in consumer electronic equipment as well as in military and
acrospace products. Details on preamps, power amplifiers, and combination
preamp-driver IC’s are given, including information on what is available.

HREE different categories of 1€ audio amplifiers are

available to the electronic ¢ircuit designer. These are

preamplifiers, power amplifiers, and a combination
preamp and driver. The latter group of components have low
power output (less than 1 watt). Some of these monolithie
cireuits are available in plastic packages, while others are
available only in metal packages. The metal-package audio
IC’s are used primarily in military, space, and low-volume
industrial applications; while the lower cost plastic pack-
ages are used in consumer and high-volume industrial ap-
plications.

The interest in audio 1C’s is growing rapidly because of
the increased reliability resulting from the use of fewer
parts and lower over-all equipment manufacturing costs,
The lower costs are the result of fewer components to pur-
chase, inventory, and supply to the production line, in ad-
dition to the rapidly declining price of the 1C’s themselves.

Monolithic audio amplifiers began to appear in large
nummbers in 1967, and indications are that this growth will
continue. Tables 1, 2, and 3 show representative examples
of the available audio 1C's; some of the 1C characteristies
are tabulated from their respective specification  sheets,
The bandwidth of most audio 1C’s is greater than 100 kllz
and is usually limited by the external components used.

Of all the main types of lincar IC's, (1) operational
amplifiers, (2) Lf. and r.f. amplifiers, and (3) andio am-

Table 1. Some examples of monolithic integrated
circuit audio preamplifiers and their characteristics.

Operat- Pock- Equiv,
Supply ing age Min. Input Inpul  Output
Manufac- Voltage Temp. Package Diss.  Gain Nelse Res. Voltage
orer  (Ymax}  {°C) Type  (mW)}  (d8) Volt. (k) (V)
(43036 RCA 10 3510125 Metal 0¢ ] "” Dual
(10 leeds) [ewrrent] Daskingten
e G-E B —6510 120 Pestic N 1 450 Darlingten
To.n [cwsrent)
{3 leads)
H(IJ02P  Meterels 1 01078 Plostic 400 3 by 1.7 Ouel
(14 leads) (voltege) Preemp
PAX GE Wie 4 355t 110 Plontic 300 n E)
0 eods) {voltege)
TAAIWD  Amperex  S109.5 —21075  Melel " 440 NF 18
{10 iends) {veltoge}
WO Wettingheuse 1.5t ? —551075  Metol 00 “ ¥ Ll
{10 Teeds) {veliage)
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phifiers, the third group was the last to enter the market-
place. The first audio 1C's were used in hearing aids and
in military and space equipment, The first consumer clee-
tronie use was in a l-watt phonograph manufactured by
General Electric and deseribed by AF. Petrie in the De-
cember, 1966 issue of ELEcTroNIcs WorLb.,

Circuit Features and Applications

A monolithie IC amplifier design has an advantage over
discrete circuits in utilizing thermal feedback to stabilize
the voltage and quiescent current bias conditions. The
small physical size of an IC, by its very nature, provides
a close thermal coupling between cireuit elements which
cannot be matched using discrete transistors and biasing
components mounted on a common heatsink, The redueed
size of the small-signal 1C transistor gives it a higher fre-
quency capability than the usual discrete transistor used
m audio and medium-frequencey cireuits. Therefore the 1C
circuit usually requires one or two external capacitors to
attenuate the high-frequency response and compensate for
phase shift.

Operational amplifiers have been used to perform audio
preamp and driver functions, but the designs usually re-
quire both a plus and a minus power supply. 1C's designed
for audio to be used with a single power supply often em-
ploy an adapted form of the operational amplifier cireuit.

The differential amplifier configuration is often used
in andio monoltthic ¢ircuits. This etreuit is popular in 1C's
because of the matehing of Vi and A that is inherent
when two transistors with the same geometry are formed
side by side on the same silicon chip, The emitters of the
differential amplifier transistors should ideally be connect-
ed to a constant-current source so that the sum of the
two transistor currents will always be constant. Then if
the current in one side of a differential increases, the cur-
rent in the other side will decrease by the same amount.
Since a differential amplifier amplifies the difference be-
tween the two signals applied to the base of each transis-
tor. an in-phase feedback signal is often applied to one
side of the differential.

The Darlington transistor connection in monolithic form
is a very simple preamp. Since the collectors are common
with this IC structure, it does not usually require an
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isolating junction. The first two rows in Table 1 list some
of the characteristics for two products of this type.

The input resistance can be increased by using an exter-
nal emitter resistor (R4) as shown in Fig. 1. The bias net-
work is also bootstrapped to increase the input resistance
to 2.7 megohms at 50 Hz. This high input impedance is
desirable for ceramic phonograph cartridges and micro-
phones. The D16P4 has a minimum /i,y of 7000 at 2 mA
collector current. R5 and €2 are in shunt with R4 to in-
crease the voltage amplification in the mid-range. With the
Astatic-17 cartridge, this circuit provides an output fre-
quency response from 40 to 12,000 Hz that is flat within
=2 dB from the London PS131 stereophonic frequency test
record. The output reference level is 1.9 volts which is
10 dB below clipping and 80 dB above the unweighted
noise level. The total harmonic distortion (for 1 and 15
kHz) is less than 0.29% at 1.9 volts output. The IM dis-
tortion (60 and 6000 Hz) at 1.9 volts is less than 1.5%.
The input level for 1.9 volts is 350 mV.

Power Amplifiers

The maximum power output of an IC depends on the
circuit efficiency and the power dissipation capability of
the IC. A monolithic power amplifier must provide a means
for transferring the internally generated heat. The metal
packaged IC’s in Table 2 can be used with commercially
available heatsinks designed for transistors with TO-5
type packages. General Electric has introduced a low-cost
plastic package with a copper tab at one end which allows
the heat to flow from the IC chip along the tab to the
copper area on a printed-circuit board. The package would
require the tab and leads to be bent at right angles for
soldering in a printed-circuit board. The tab is connected
to the substrate at the bottom of the monolithic chip and
should be externally connected to circuit ground or the
most negative potential.

Monolithic power-amplifier circuit designs use class AB
push-pull outputs to attain good operating efficiency and
performance. This type of output stage is usually used in
discrete designs of higher power amplifiers. Class AB push-
pull stages operate with a base-emitter bias near the con-
duction threshold of about 0.6 volt for silicon transistors.
Operation would be class B without this forward bias
which determines the quiescent current. Class AB opera-
tion reduces the crossover distortion that is present with
class B, with a slight sacrifice in efficiency.

The highest power monolithic amplifier in Table 2 (the
G-I type PA-237) has a quasi-complementary output cir-
cuit as shown in Fig 2. The monolithic ecircuit portion is
shown within the dashed square with the external com-
ponents shown outside the square. The quasi-complemen-
tary push-pull output cireuit consists of @1, Q3. Q6, Q7,
and @8. Three transistors (@6, Q7, and Q8) are required
for the composite p-n-p transistor since the hpp of Q6 is
low (between 1 and 10 at 1 mA collector current). @6 and
Q7 arc equivalent to a discrete p-n-p driver. This arrange-
ment of push-pull coniposite transistors provides high cur-
rent amplification so that @2 can operate at low currents
(about 0.5 mA). This permits R3 to be relatively large
(18 k) so as to enhance the voltage amplification.

Q1 and Q2 form a differential amplifier where Q1 oper-
ates as an emitter-follower and drives Q2 as a quasi-com-
mon-base stage. This circuit has no phase inversion of the
signal from input to output except within the composite
p-n-p transistor. The feedback signal applied to the base
of (2 is in-phase as required with this connection of the
differential amplifier.

The differential amplifier in Fig. 2 has voltage-source
base bias which provides good bias stability against varia-
tions in hpg for Q1 and Q2. It also minimizes the effects
of temperature. It is important that the d. c. bias voltage
at lead 7 be stable if maximum power output at low dis-
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Fig. 1. Phono preamp using Darlington audio preamp IC.
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Fig. 2. A 2-watt audio power amplifier using audio IC. Com-
ponents within the IC are shown here inside the dashed lines.

tortion is to be maintained. The differential amplifier with
d. c. feedback to the base of Q2 provides this stability.

The diode string between the bases of @4 and Q6 pro-
vides the necessary d. c. bias voltage for the quasi-comple-
mentary push-pull output to minimize distortion at low
signal levels. The value of R8 can be reduced to maintain
0.5 mA through the scries diodes at lower supply voltage.
The power output diode in series with @5 and Q8 assists
in the bias stabilization of this direct-coupled circuit and
it also provides local a. ¢. feedback in the effective emitter
of the composite p-n-p transistor. A treatise on the method
is given in the book, "Transistor Audio Amplifiers,” by D. V.
Jones and R. F. Shea. (John Wiley and Sons, 1968) .

The 16-ohm load is returned to the power supply, which
is an a. ¢. ground, so that the load coupling capacitor can
also serve to bootstrap resistor R3. This eliminates the
need for a separate capacitor and resistor. This positive
feedback increases the effective resistance of R3 and thus
increases the open-loop voltage amplification by 14 dB. The
negative feedback with RG equal to 6800 ohms is 24 dB.

The 0.001-pF capacitor, C3, decreases the open-loop gain
at the extreme high frequencies by decreasing the effective
bootstrapping of R3. Without feedback (i.e., R6 =0) the
frequency response is down 3 dB at 30 kHz. C3 provides
high-frequency stabilization when operating from a high-
impedance signal source or with various output load eon-
ditions. Because of the high-frequency capability of the
monolithie transistors, more precautions must be taken to
prevent high-frequency oscillation than is the case with
discrete amplifiers. R7 and C5 limit the increase of induc-
tive load impedance and phase shift with frequency.

The distortion versus frequency and output power are
shown in Fig. 3 for the monolithic 2-watt amplifier. These
curves indicate good performance up to 2 watts peak with
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Table 2. Examples of monolithic integrated circuit au-

Pe— Pt ;f;,; dio power amplifiers along with their characteristics.
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PN EE FT —fwir Ham i BW 4 LM W Nal e tionx,
0 om0 o The input impedance of the PA-237 can be
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Table 3. Examples of menolithic infegrated circuit :x‘mximllm outpul and i]l('.l‘ wase the bass frequeney response.
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"FREQUENCY-H: transistors. Becanse monolithic audio eircuits have a mueh
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AL CO AT IAR where there is high voluine usage. The power output capa-
Fig. 3. Distortion vs frequency and power for Fig. 2 circuit. bility of a monolithic power amplifier can readily be ex-
tended to 10 watls with a suitable package dissipation
clipping occirring at 2V walts power output. The PA-287 apability. Even higher power oulputs \\’.iII be practical as
has a typical operating efticiency of 339, and the circuit the industry inercases its ability to fabricate higher volt-

shown in Fig. 2
2-watt output.
The integrated cirenit in Fig, 2

requives an input signal of 120 mV for a

is quite versatile sinee

it can be biaxed to operate with supply vollages from 9 to

27 vollx and the sensitivity ean be in-
creased or deereased by altering the feed-
back resistor. R6. Many combinations of
supply voltage and load impedanee are
possible. The resistors shown outside the
dashed square in Fig. 2 were not imcluded
i the monolithic circuit because they
would merease the chip arca and lmit the
versatility which the erenit has in its
present form. Using an 18-voll supply. the
load can be either 8 or 16 oluns for about
1.5 watls power output. With an 8-ohm
loadd the efficiency drops to about H¢;
awd the maximum operating temperature
on the package tab is imited to 50° C for
this power output. In addition to the cop-
per area (cireuit ground) on the printed-
circuit board. a copper fin having a tab
that is soldered to the tab of the PA-37
will provide an additional heatsink. The
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A COMPLETE SELECTION OF ANNUALS, YEARBOOKS, DIRECTORIES
AND HANDBOOKS from the world’s largest publisher of special interest magazines.
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detailed compendium of facts, figures and faces
that made skiing news in the past 12 months
Over 164 pages.

1968 — . #55
1967 . - 48

outside U.S.A.

i CYCLE RACING ANNUAL

Action photos—Race Results—Facts on equip-
ment to use, clothes to wear—previews of nect
year's racing scene—in fact, everything you
need to keep track of today’'s fast-breaking
racing happenings.

1968 . st e ...} 64

COMMUNICATIONS HANDBOOK

World's most complete guide to communica-
tions. 148 fact packed pages of features by
experts in each category.

1968 e 353
1967 . . . 747

PAYMENT MUST BE ENCLOSED WITH ORDER

i . Ziff-Davis Service Division—Department W 595 Broadway, New York, N. Y., 10012
TO PLACE YOUR ORDER, circle I
the numbers of the annuals you ] | am enclosing $ _for the annuals circled below. My remittance includes an
. - additional 15¢ per copy for shipping and handling (50¢ for orders outside U.S.A.). | under-
WlIShlto r.ectelve on the COZPOZ' I stand quantities are limited and orders will be filled on a first come-first served basis.
ear rn ur -
;essy pd y:I nanis an a't : 1 9 32 34 35 36 39 42 43 45 47 48 49 38 40 44
r and enclose your remit- :
tance. Please be sure to enclose 3 50 52 53 54 55 56 68 59 60 62 63 64 65 61 57 61
- - PRINT NAME
an additional 15¢ shipping and 1 P27 — .
handling for each copy ordered. : ADDRESS - I i
Add 50¢ per copy for orders g o 71p
]
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The $46-billion U.S. health industry must make more and better
use of electronics if it is to provide the care patients can afford.

THE COMPUTER AND THE CADUCEUS

the owner was glancing over the evening newspaper.

From the scowl on his face, he was not liking what he
read. “What's bugging vou?” demanded Barney, the service
technician. “You've been muttering in vour beard ever since
vou picked up the paper.”

“It’s this story about the new addition proposed for the
hospital.”

“What's wrong with that? We certainly need more bed
space. I visited a friend there last week, and they had him
and several others out in the hall because there were no
empty rooms.”

“That’s just the point. We need more bed space desperate-
v, but a large percentage of the money is going to be spent
on administrative offices and additional space for ‘keeping
the records required by Medicare.” quote and unquote.”

“You don’t believe it'’s necessary to keep these records?”

“Sure 1 believe that, but T also believe they should be
kept by modern EDP equipment instead of in bulky filing
cabinets. Such equipment provides greater accuracy, quick-
er retrieval, and a great reduction in space requirements.
Right now 634 hospitals are using computers in some form,
and this number is expected to rise to over 1300 by 1970.
In this period the total number of hospitals in this country
is expected to go from 7200 to 7800. To my way of thinking,
it’s almost criminal for any new hospital to be designed,
built, or enlarged without a thorough investigation into
how modern electronics can improve the operation and effi-
ciency of the new facility. Yet, since hospital boards are
frequently composed of people who know little of com-
puters or medical electronics, I'm afraid many of those new
hospitals will be built without even provision for basic pa-
tient monitoring equipment.”

“You come on pretty strong about this.”

“That’s the way I feel. The health industry of this coun-
try—which is a whopping $46-billion-a-vear industry—is in
more serious trouble than the average healthy citizen real-
izes until he or some member of his family has a serious ill-
ness. Let me give you some facts and figures:

“Hospital charges in this country have jumped 31% na-
tionwide in the past two vears. In 1950 the average daily
hospital room charge was $15; now it is nearing $50; and
the Surgeon General himself estimates this may soar to $85
a dav by 1970.

“Physicians fees have gone up 14% nationwide since
1965, and Medical Economics Magazine estimates the fee
charged by the general practitioner has increased 25%
since Medicare and Medicaid programs went into effect.
The doctors blame increased paper work brought on by
these programs for part of this increase.”

“Why have hospital rates risen so sharply?”

“Hospital administrators say it is chiefly because of the
increased cost of help. Since 1964 the average annual salary
of nurses has increased about $2500. A few years ago, in
spite of the three and four years of professional training re-
(uired to become an R.N. or get a degree in nursing, nurses
were paid no more than beginning stenographers. But in

IT WAS almost closing time at Mac’s Service Shop, and
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spite of this increase, the nation still needs at least 135.000
more trained nurses: so there’s little likelihood the cost of
nursing will turn downward. Furthennore, in 1965 hospital
workers were brought under the Federal minimum wage
and overtime laws. Previously, according to a Labor De-
partment study made five vears ago, hospital workers were
one of the lowest paid occupational groups in the country.
Now when vou consider that labor costs comprise two-thirds
of the total overhead of a hospital. it'’s not difficult to see
how the sharp rise in nurse pay and in the pay of other hos-
pital workers is bound to result in increased room rates.”

“You talk about nurses being in short supply. Aren’t doc-
tors, too?”

“They are, but the picture is not quite so simple. Actuallv
the present ratio of doctors to patients—one to 720—is just
about what it was thirty vears ago; but during that thirty
years there has heen a great increase in specialization and in
the average number of visits each patient makes to his doc-
tor. Moreover, more and more doctors are going into medical
research jobs where the hours are regular and the work-weck
is short. It has heen charged the government itself is lurgely
responsible for this trend because of the $1.4 billion a year
it spends on medical research with the consequent siphon-
ing off of doctors. Anyway, the upshot of the wlole thing is
that the dwindling group of general practitioners are over-
worked and patients have a difficult time finding one who
will take them on.

“The A.M.A. admitted in June of 1967 there was a serious
and worsening shortage of doctors and called for an imme-
diate and unprecedented increase in the intake of medical
schools. This was an abrupt about-face from their previous
attitude in which they expressed doubt there was a doctor
shortage and used their power to accredit schools and to
approve hospitals to limit sharply entry into their profession.
Since the median net income for all American physicians
rose from $16,017 in 1955 to $32,170 in 1966 and since one
doctor out of seven now clears, after paying all office ex-
penses and other costs, more than $50,000 a year, plenty of
young men are cager to become doctors. Unlike in the
nursing profession, there has beeun no lack of monetary in-
centive to account for the doctor shortage.

“It is a sad commentary on our ability to train doctors
that during every recent year some 23500 graduates of for-
eign medical schools—almost a third of the total number of
M.D. degrees conferred last year by American medical
schools—started working in the U.S. Since a high proportion
of these come from countries desperately in need of medical
services, this drain is bitterly resented in low-income coun-
tries who Dbelieve the U.S. is rich enough to train its own
doctors. But it will take years for this change in attitude of
the A.M.A. to take effect. As a recent Life editorial put it:
‘By 1980 the public will begin to appreciate the results of a
1967 A.M.A. decision that should have been made in 1947."

“Let’s sce if 1 follow you,” Barney said, ticking off the
points on his fingers: “Hospital beds, nurses, and doctors are
all in short supply. The cost of these services is soaring and
threatens to go far beyond the reach of the average person.

ELECTRONICS WORLD
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No immediate relief is in sight. You
think electronics can help.”

“You've been listening all right,”
Mac approved. “A  protracted ‘cata-
strophic illness,” such as that resulting
from stroke or cancer, can destroy a
fairly affluent family financially in spite
of all the government and private in-
surance they can afford. Yet these two
illnesses are the major killers. Heart
and blood vessel deaths—and many of
these were from strokes—exceeded one
million in 1965, the last vear for which
figures are available. Cancer deaths
were almost a third of this number.

“We simply must keep the cost of
medical care, even for such cases, with-
in reach of the average person. The
only hope 1 see of doing this short of
socinlized medicine—a course still re-
pugnant to most Americans—is to ampli-
fy the effectiveness of hospital workers,
nurses, and doctors. In extolling our
liberties, Dr. Milford O. Rouse, presi-
dent of the AM.A. for 1967, said, ‘The
American way of life can be described
in one word: capitalism.” If that be true
he should recognize this precept of
capitalistic industry: the Dbest way to
reduce costs is to increase production.”

“I get it!” Barney interrupted. “The
modern way to increase production is
through electronic automation. But
mavhe doctors believe human life is
too precious to he entrusted to a robot.”

“That won’t hold water. The lives of
our astronauts are almost entirely in
the hands of computers. So, to a lesser
extent, are the lives of airplane passen-
gers, our fighting pilots, and workers in
dangerous jobs in industry. These per-
sons are safer with the human ervor’
factor removed.”

“Why does the medical profession
seem to be reluctant to tuke advantage
of electronics?”

“Probably the chief factor is a lack of
communication. Doctors don’t know
what electronic equipment is available;
engineers don’t understand the needs
of doctors. Physicians are ultra-con-
servative by training. They hesitate to
try a new remedy, procedure, or device
until it has Dbeen thoroughly tested,
proved, and used successfully by other
doctors. This is good up to a point, but
it ceases to be a virtue if carried so far
as to reject life- and time-saving equip-
ment that has been thoroughly tested
and proved trustworthy in other fields
where performance requirements are
just as stringent as those in medicine.
Finally there is that hobglobin that
more and more haunts modern doctors:
the question of legal responsibility. If a
patient is injured while a computer is
administering an anesthetic, is the doc-
tor responsible? Can the computer man-
ufacturer be sued? Who is respousible
for injury done a patient by a mal-
functioning intensive care computer?”

“How does the electronics-in-medi-
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cine manufucturing field look financial-
ly?”

“Promising. Last year total sales in
medical electronics totaled about $260-
million, and they should hit $600-mil-
lion in ten vears. More than 5300 com-
panies in this country are now producing
medical electronic equipment. Thirty
companies engaged in the most prom-
ising market of patient monitoring are
presently  selling about  $20-million
worth of this equipment annually, and
the market is said to have a growth
potential of something like 50% an-
nually for the forseeable future.”

“What kind of work can a computer
do in a hospital?”

“Finding some of the answers to that
question has been the aim of a six-vear
joint effort conducted by Boli, Beranek,
and Newman (BBN), a consulting de-
velopment research organization at
Cambridge, Mass., and the Massachu-
setts General IHospital (MGH) with
financial support from the National In-
stitutes of Health and the American
Hospital Association. You see in a 1000-
bed hospital, about 50,000 separate
items of information are entered into
the patients’ records each day, or al-
most 20 million separate items a year.
The technology for handling this in-
formation has remained virtually con-
stant for the past 50 years and is mainly
based on the pencil. the courier, the
telephone, and on slips of paper.

“Some of the computerized programs
tested at MGH by BBN aimed at re-
ducing this time-consuming paper work
involve compiling bed-utilization data
and daily census lists, reporting lab-
oratory-test results, organizing data
within the chemistry lab, ordering and
charting  medications, automatically
forecasting nursing staff requirements,
and, of course, information storage and
retrieval. I'll bring vou some reports on
their findings tomorrow, but right now
I'll just mention Paul A, Castleman of
BBN has concluded a computer for
hospital use should be a hybrid (gen-
eral/special purpose) time-sharing type
to provide high reliability for handling
routine EDP information and flexibility
for including new applications as they
occur to the staff without any mutual
interference between the two programs.”

“T know computers are being used to
administer anesthetics, to perform—au-
tomatically—complicated blood chem-
istry analyses, to aid in diagnosing ail-
ments—especially those involving the
heart—and in monitoring intensive care
patients. I have no doubt electronically
oriented doctors and medically oriented
engineers are already testing many new
applications.

“I was just thinking,” Barney said,
“that the medical profession may have
to change its emblem bhefore long. One
of the snakes of the caduceus may be
replaced with a computer tape!” A
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now...a dozen lools
[or dozens of jobs
In @ hip pockel sel!

%

No. 99F5-50

Really compact, this new nutdriv

screwdriver set features 12 interchange-
able blades and an amber plastic (UL)
handle, All are contained in slim,
trim, see-thru plastic case which easily
fits hip pocket. Broad, flat base permits
case to be used as a bench stamd.

Ideal for assembly and service work

7 NUTDRIVERS:
V18" Tr30 1/a"

2 SLOTTED
SCREWDRIVERS:
37167 and 9
2 PHILLIPS
SCREWDRIVERS:

=1 and =T sires

EXTENSION BLADE:

Adds 47 reach to
driving blades

HANDLE:

WRITE FOR
CATALDG 62

XCELITE, INC., 12 BANK ST., ORCHARD PARK. N. Y.

in Canada contact Charies W. Pointon, Ltd.
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Look What's New

NEW HEATHKIT In-Circuit Transistor Tester

At last, a realistic price for in-circuit testing ol transistors! The new
Heathkit IT-18 Tester has the facilities you nced and it costs a lot
less. It measures DC Beta in-or-out-of-circuit in 2 ranges from 2 to
1000 (the spec. commonly used by mfirs. and schematics to determine
transistor gain). 1t tests diodes in-or-out-ol-circuit for forward and
reverse current to indicate opens or shorts. Measures transistors out-
of-circuit tor ICEO and 1ICBO lcakage on leakage current scale of
0 to 5,000 uA. ldentitics NPN or PNP devices, anode and cathode
of unmarked diodes; matches transistors of the same type or oppo-
site types. Cannot damage device or circuit even it connected incor-
recily. Big 4'4” 200 uA meter. 10-turn calibrate control. Completely
portable, powered by “D™ cell (long battery lite). Front pancl socket
for lower power devices. Attached 3’ test leads. Rugged polypropylene
case with attached cover. Butld in 2 hours. 4 lbs.

NEW HEATHKIT 1-15 VDC Regulated Power Supply

o Labs, service shops, hams, home experimenters . . . anybody working
er T i e with transistor circuitry can use this handy new Heathkit All-Silicon
P vl Transistor Power Supply. Voltage regulated (less than 40 mV variation
7 no-load to full-load; less than 0.05% change in output with input
, change from 105-125 VACQC). Current limiting; adjustable from 10-500

mA. Ripple and noisc less than 0.1 mV. Transient response 25 uS. Out-
put impedance 0.5 ohm or less to 100 kHz. AC or DC programming
(3 mA driving current on DC). Circuit board construction. Opcrates
103-125 or 210-250 VAC, 50/60 Hz. 6 lbs.

NEW HEATHKIT Crystal-Controlled Post Marker Gen.

Fast, accurate color TV and FN alignment at the touch ol a switch!
15 crystal-controlled marker frequencies. Select picture and sound IF's
color bandpass and trap Ireys.. 6 dB points, FM [F center freg. and 100
kHz points. Use up to six markers simultancously. Birdie-type markers.
Trace and marker amplitude controls permit using regular ‘scope. 400
Hz modulator. Variable bias supply. Input and output connectors for
use with any sweep generator. Also has external marker input. BNC
connectors. Solid-state circuit uses 22 transistors. 4 diodes. Two circuit
boards. Handsome new Heathkit instrument styling of beige and black
in stackable design. Until now, an instrument of this capability cost
hundreds of dollars more. Order your 1G-14 now, it’s the best invest-
ment in alignment facilitics you can make. 8§ Ibs.

NEW HEATHKIT Low-Cost 5 MHz 3" "Scope

Here is the wideband response. extra sensitivity and utility you need, all
at low cost. The Heathkit 10-17 features vertical response of’ 3 Hz to 5
MHz; 30 mv Pcak-1o-Peak sensitivity; vertical gain control with pull
out N30 attenuator; front pancl 1 volt Peak-to-Peak reference vollage:
horizontal sweep from internal generator, 60 Hz line, or external source;
wide range automatic sync; plastic graticle with 4 major vertical di-
visions & 6 major horizontal; front mounted controls: completely
nickel-alloy shiclded 3" CRT: solid-state high & low voltage power sup-
plies for 115/230 VAC, 30-60 Hz; Zener diode regulators mimimize trace
bounce from line voltage variations: new professional Heath instrument
styling with removable cabinet shells; beige & black color; just 9%2" H.
X 5% W, x 14%” L.: circuit board construction, shipping wt. 17 lbs.

NEW HEATHKIT Solid-State Portable Volt-Ohm Meter

There’s never been a better buy in meters. Solid-state circuit has FET
input, 4 silicon transistors (2 used as diodes), and 1 silicon diode. 11
megohm input on DC, I megohm on AC. 4 DC volt ranges, 0-1000 v,
with +39% accuracy; 4 AC volt ranges, 0-1000 v. with + 5% accuracy.
4 resistance ranges, 10 ohms center scale x1, x100, x10K, x1M, measures
from 0.1 ohm to 1000 megohms. 4'%4”, 200 uA mcter with multicolored
scales. Operates on “C” cell and 8.4 v. mercury cell (not included).
Housced in rugged black polypropylene case with molded-in cover and
handle and plenty of space for the three built-in test leads. An extra
jack is provided for connecting accessory probes to extend basic ranges.
Controls include zero-adjust, ohms-adjust, DC polarity reversing switch.
continuous rotation 12-position function switch. Easy-to-build circuit
board construction completes in 3-4 hours. 4 1bs.

ELECTRONICS WORLD
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From Heath

NEW HEATHKIT AA-15 Deluxe Stereo Amplifier

For the man who already owns a fine stereo tuner, Heath now offers
the famous amplifier section of the AR-15 receiver as a separate unit.
The new AA-15 Sterco Amplifier has the same superb features: 150
watts Music Power; Ultra-Low Harmonic & IM Distortion (less than
0.5% at full output); Ultra-Wide Frequency Response {(+1 dB, 8 to
40,000 Hz at 1 watt); Ultra-Wide Dynamic Range Preamp (98 dB);
Tone-Flat Switch; Front Panel Input Level Controls; Transformerless
Amplifier; Capacitor Coupled Outputs; Massive Power Supply; All-
Silicon Transistor Circuit; Positive Circuit Protection; “*Black Magic”
Panel Lighting: new second system Remote Speaker Switch; 120/240
VAC. 26 Ibs. *Walnut cabinet AE-18, $19.935.

NEW HEATHKIT AJ-15 Deluxe Stereo Tuner

For the man who already owns a fine stereo amplifier, and in response
to many requests. Heath now offers the superb FM stereo tuner section
of the renowned AR-135 receiver as a separate unit. The new AJ-15 FM
Sterco Tuner has the exclusive design FET FM tuner for remarkable
sensitivity, the exclusive Crystal Filters in the IF strip for perfect re-
sponse curve and no alignment; Integrated Circuits in the IF for high
gain. best limiting; elaborate Noise-Operated Squelch; Sterco-Threshold
Switch; Stereo-Only Switch; Adjustable Multiplex Phase, two Tuning
Meters; two variable output Stereo Phone jacks; one pair variable
outputs plus two fixed outputs for amps.. recorders. etc.; front panel
mounted controls; “Black Magic™ panel lighting; 120/240 VAC op-
eration. 18 Ibs. *Walnut cabinet AE-18, $19.95.

NEW HEATHKIT 2-Meter AM Amateur Transceiver

2-Meters at low cost. And the HW-17 Transceiver has 143.2 to 148.2
MHz extended coverage to include MARS, CAP. and Coast Guard
Auxiliary operation. Output power of tube-type transmitter is 8 to 10
walts, AM. 4 crystal sockets plus VFO input. Relayless PTT operation.
Double conversion solid-state superhet. Receiver has 1 uV sensitivity
with prebuilt, aligned FET tuner, ANL. Squelch, **Spot™ function, and
lighted dial. Signal-strength/relative power-output meter. Battery saver
switch for low current drain during receiving only. 15 transistor, 18
diode. 3 tube circuit on two boards builds in about 20 hours. Built-in
1207240 VAC, 50-60 Hz power supply and 3" x 5" speaker; low profile
aluminum cabinet in Heath gray-green; ceramic mic. and gimbal mount
included. 17 1bs. *Optional DC mobile supply. HWA-17-1, $24.95,

NEW HEATHKIT Home Protection System

Customize your own system with these new Heathkit units to guard the
safety of your home and family. Warns of smoke, fire, intruders, freczing,
cooling, thawing, pressure, water, almost any change you want to be
warned about. Your house is already wired for this system, just plug
units into AC outlets. Exclusive “loading™ design of transmitters gen-
crates unusual signal which is detected by the Receiver/Alarm. Solid-
state circuitry with fail-safe features warns if components of system
have failed. Any number of units may be used in system. Receiver/Alarm
has built-in 2800 Hz alarm and rechargeable battery to signal if power
line fails (built-in charger keeps battery in peak condition). Receiver
accepts external 117 VAC bells or horns. Smoke/Heat Detector-Trans-
mitter senses smoke and 133°F. heat (extra heat sensors may be added
to it). Utility Transmitter has several contacts to accept any type switch
or thermostat to guard against any hazard except smoke. All units
feature circuit board construction and each builds in 3-4 hours. All are
small and finished in beige and brown velvet finish. Operating cost
similar to that of electric clocks. Invest in safety now with this unique
new low-cost Heathkit system.

NOW, THE TUNER AND AMPLIFIER DF
THE FAMOUS HEATH AR-15 RECEIVER ARE
AVAILABLE AS SEPARATE

COMPONENTS

— N

GD-77
Recaiver /
Alarm

$3995

Smoke MHeat
Detector-
Transm tter

54955

GD-97
Utility
Transmitter

$3495

e e ] ﬂ B HLA T 51 5 L -
HEATH COMPANY, Dept. 15-7

-
HEATHKIT 1968 N EW I Benton Harbor, Michigan 49022 :
EF oprmg In Canada, Daystrom Ltd.
R 17« ! -
: FREE 1968 CATALOG! | O Enclosedis’s plus shipping. [
Now with more kits, more color. | Please send model (s)___ I
Fully describes these along with | O Please send FREE Heathkit Catalog. i
over 300 kits for stereo/hi-fi, [ Please send Credit Application.
color TV, electronic organs, elec- |  Name |
tric guitar & amplifier, amateur | '
. radio, marine, educational, CB, Address
home & hobby. Mail coupon or | . |
wiite Heath Company, Benton | City _ _ State Zip I
Harbor, Michigan 49022. L Prices & specifications subject to change without natice. CL-327R o
CIRCLE NO. 112 ON READER SERVICE CARD
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Important IE & IE Books

AMATEUR RADIO INCENTIVE
I.ICENSING STUDY GUIDE
by Robert M. Brown,
K2ZSQ/WI9HBF, and
Tom Kneitel, K2AES.
Fully explains the new
incentive licensing
y which affects both new-
¥ comers and old-timers.
Covers all the new FCC
Regulations and band allocations. Includes
multiple-choice questions and answers (as
close to actual FCC exams as possible) cov-
ering the new Advanced-Class, and the
modified requirements for the Extra-Class
exams. Also includes sample exams for
Novice, Technician, Conditional, and Gen-
eral-Class hcensmg 160 pages; 5/2 X 8/"
Order EE-050,0nly...... .. .. .. .... $2.75

17th EDITION OF THE FAMOUS

RADIO HANDBOOK

Tells how to design,
build, and operate the
latest types of amateur
transmitters, receivers,
transceivers, and am-
pllflers Provides ex- -

tensive, simplified theory on practlcally every
phase of radio. 832 pages.

Order No. EE-167,0nly. .. ........ $12.95

Order from your electronic parts
distributor or send coupon below.

r » EDITORS and ENGINEERS, Ltd. i
P.0. Box 68003, New Augusta, Indiana, Dept. |

i Ship me the following books: EWE-78 |
] No. EE-050 [ No. EE-167 § encl. ]

| Name :
| Address |
| City. State Zip l

M. A. D.

MUSIC ASSOCIATED'S DETECTOR
NO COMMERCIALS—NO INTERRUPTIONS

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 con
tinuous commercial-free music you are now
missing. The Detector, self-powered and with
electronic mute for quieting between selections,
permits reception of popular background music
programs no longer sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner
Size: 54" x 9”. Shipping weight approx. 7 lbs

KIT $4950

(with pre-tuned coils, no alignment necessary)

wirep $7 500
COVER $4.95 EXTRA

Current List of FM Broaucast Stations with SCA
authorization $1

MUSIC ASSOCIATED

65 Glenwood Road, Upper Montclair, N.J. 07043
Phone: (20711-744-3387
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Letter to a

Dear Jim,

Your letter was both a surprise and
a pleasure. I am glad to hear that you
are starting your own TV service busi-
ness. And, naturally, I am flattered that
vou asked me for suggestions that might
help you make a go of it.

| Let’s Get Personal

My first “hints” are personal, Jim.
They include such seemingly minor
|things as neatness, cleanliness, and a
pleasant disposition. At a shop I man-
aged a few vears ago, the technician
with the highest call-back rate was a
fellow who wore a dirty gray shirt and
slacks to work every day, shaved only
twice a week, and didn’t hold with the
| personal cleanliness bit. Yet, put that
same guy at a bench and he could turn
out work just as good as anyone else’s.
When broad hints to shape up failed to
make a dent, he lost his job—all Dbe-
cause of his sloppy appearance.

Next to the personal impression you
make on the customer, the way you
treat him or her is extremely impor-
tant. Remember that, given a choice
among equally competent technicians,
the customer will always pick the one
with the nicest personality. If a custom-
er's TV set has gone bad, he is in no
mood to listen to some wise-mouth.
When a customer storms and raves, he
is often taking it out on the set rather
than you—you have to remember that.
Listening to a customer’s gripes is part
of your job.

Treat a customer like a VIP, because
he is the most important person in your
business life. Without him, your busi-
ness doesn’t stand a ghost of a chance
of surviving.

Do the Job Right

| The next "must” 1 have for you is:
Do your job well. Nothing makes a cus-
tomer unhappier than a job half done.
When a job is half-finished, no matter
how hard or how well you've worked,
la customer won't like the set, won't
like you, won't like the shop, and won’t
like what work you did do. Every time,
do a complete job. Besides just fixing
the trouble keep an eye out for im-
pending troubles. Brush the dust out,
wipe off the cabinet, clean the safety
glass and the TV tube faceplate, and
make those extra adjustments so that
the picture looks exactly right. If you
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NEW TV SERVICE TECHNICIAN

Some straight talk that should go a long way to helping
a newcomer shape a solid, successful service career.

don’t do the whole job the first time,
the customer will expect vou to come
back later and finish your job at no
extra charge. And he’s absolutely right
—you should.

That leads me to my next suggestion,
Jim. If you are to do the job right,
you'd better know what you're doing.
You mentioned in vour letter that you'd
just finished a course from a correspond-
ence school. If the school is well-
known and reputable, the course you
took is probably a good one. However,
you'll have to know more.

You need experience. No graduate of
any training course was ever a cracker-
jack technician right away. Expect to
sweat it out on some of the reallv tough
ones until you've “served time.” Ap-
prentice programs exist because shop
owners know that only experience will
teach the techniques and short-cuts you
need to get through those tough ounes
quickly and with confidence.

And—don’t stop studying. Just be-
cause you've learned a certain amount
about electronics, don’t think that you
know all there is to know about it. You
don’t. No one does. The only way you
can ever become really topnotch is to
expose yourself constantly to more and
more electronics  education. Take ad-
vanced courses. Attend distributor clin-
ics. Read books and magazines. Go to
seminars. “Experiment” on sets of your
own—either your set at home or sets
you take in trade-in. Once, years ago,
when 1 was trying to polish up my
newly gained skills in color-TV, T spent
$200 of my hard-earned dough on a
used color set. 1 took it home and I
learned that set inside out. There wasn’t
anvthing in it I left untouched. Every
color set I've run into since has been
nothing worse than a variation on that
first one. Those were some of the best
dollars I ever spent on my electronics
education.

Well, so much for you personally,
Jim. On the business side, there are
at least two things that will make you
or break you. One is the prices you
charge and the other is how carefully
vou keep track of vour costs. Together,
these muke up my idea of management.

I knew a fellow not many years ago
who lost more than $1000 a year for
several years before he had any notion
that he was losing money. He had
good bookkeeper, but he didn’t know
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how to read financial statements. He
knew what thev said, but he didn’t
know what they meant; and once the
story was spelled out for him, he didn’t
know what to do about it. If you want
to be a success, study business manage-
ment (a course, or even a book if that’s
all you can manage). And then, keep
careful records. The time you spend
keeping track of and controlling your
business will net you more profit than
the time vou spend fixing sets. Don’t
ever forget that.

How Much to Charge

And that brings me to my final point,
on how much vou should charge. For
some reason, this is one of the trickiest
and least understood areas of the ser-
vicing business. There are more cock-
eved notions about service pricing than
about aunything else in the business.
And vet, the principle of intelligent
pricing is simple,

You should alwavs base vour charges
on three things: wages for vour (or
your technicians’) time, plus your cost
of doing business, plus a profit on your
investment. 1f vou leave out any of
these things, you are only fooling your-
self, and vou'll end up like the guy I
mentioned earlier: he eventually used
up all his capital and went out of busi-
ness, broke.

Somehow, quite a while ago, the idea
got around the servicing fraternity that
you should charge less and less when
you wanted to get more and more busi-
ness. This just isn’t so. Absolutely not.

One very successful company, as an
experiment a couple of vears ago, be-
gan raising its service charges every six
months. It had been charging $4.00 for
a service call, and losing money on ev-
ery one of them. Neither the owner nor
his employees could be paid a decent
wage. Today, this company las tripled
its charge. Every service call nets a
tidy profit, and the owner and employ-
ees are all very well paid—as well paid,
in fact, as electricians, plumbers, and
other skilled workers in their locality.
What happened to the volume of cus-
tomers? Not a thing. In fact, this year
the shop had 8 percent more customers.

A word of caution, though. It was not
the rise in the service-call charge that
netted the increase in customers. It was
the fact that this shop does a complete
and thorough job on every set and does
it with neat and competent technicians
who know how to treat customers prop-
erly. The owner keeps complete records
of all costs and manages his business
carefully and competently.

I know you have the will and ambi-
tion to build yourself a solid career in
electronics, Jim. To that, I'd like to add
my own wish for just enough luck to
help vou over the rough spots.

Sincerely,
LARRY ALLEN
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Brought to you by the same enginecering tcam that designed the
famous Messengers 1" and *“Two’", the Messenger 223 has the
same rugged circuitry and even greater ““Talk Power™ capability,
With at least 15 db more audio gain than the “I"" and “Two”,
the 223" punches out a clear, penetrating signal . . . outperform-
ing any other radio on the market.

Ten tubes, eight diodes and six transistors form a rugged base
station transceiver that can’t be beat for reliable day-in, day-out
performance. A built-in illuminated “*S™ meter /power meter mea-
sures input strength of RF signals and relative power output of
the transmitter. Ready to go on all 23 channels, the Messenger 223
i1s FCC Type Accepted and DOT Approved.

See your Johnson dealer today for complete details!

E.F. JOHNSON COMPANY

1174 Tenth Ave. S.W., Waseca, Minnesota 56093
Previding nearly a half-century of communications leadership
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There’s more than one road
tosuccess.

An integrated circuit enlarged several thonsand t

RCA Institutes can help find the one best for you!

Are you trying to find your way through a maze of career possibili-
ties? Find out how RCA Institutes can start you on your way to-
ward a well paying job in electronics. Send the attached card today!
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Learn electronics at home

faster, easier,

almost automatically—
with RCA AUTOTEXT

Are you just a beginner with an interest
in the exciting field of electronics? Or,
are you already ecarning a living in elec-
tronics and want to brush-up or expand
your knowledge in a more rewarding
field of electronics? In cither case
AUTOTEXT, RCA Institutes’ own
method of Home Training will help you
learn electronics more quickly and with
less effort, even if you've had trouble
with conventional learning methods in
the past.

THOUSANDS OF WELL PAID JOBS
ARE OPEN NOW TO MEN SKILLED

IN ELECTRONICS!

Thousands of well paid jobs in elec-
tronics go unfilled every year because
not enough men have taken the oppor-
tunity to train themselves for these
openings. RCA Institutes has done
something positive to help men with an
aptitude and interest in clectronics (0
qualify for these jobs.

HOME STUDY CAN TRAIN YOU FOR
REWARDING CAREER OPPORTUNITIES
To help fill the “manpower gap” in the
electronics field, RCA Institutes has de-
veloped a broad scope of Home Train-
ing courses, all designed 1o lead to a
well paying career in electronics in the
least possible time. You also have the
opportunity to enroll in an RCA
“Career Program” exclusively created
to train you quickly for the job you
want! Each “Carcer Program™ starts
with the amazing AUTOTEXT Pro-
grammed Instruction Method. And, all
along the way, your program is super-
vised by RCA Institutes experts who
become personally involved in your
training and help you over any “rough
spots” that may develop.

VARIETY OF KITS ARE YOURS TO KEEP
To give practical application to your
studies, a variety of valuable RCA
Institutes engineered kits are included
in your program. Each kit is complete
in itself, and yours to keep at no extra
cost. You get the new Programmed
Electronics Breadboard for limitless ex-
periments, including building a work-
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ing signal generator, multimeter, and a
tully transistorized superheterodyne
AM receiver.

ONLY FROM RCA INSTITUTES —
TRANSISTORIZED TV KIT—

VALUABLE OSCILLOSCOPE

All students receive a valuable oscillo-
scope. Those enrolled in the Television
program receive the all-new transistor-
ized TV Kit. Both at no extra cost and
only from RCA Institutes.

CHOOSE THE “CAREER PROGRAM”
THAT APPEALS MOST TO YOU

Start today on the clectronics career of
your choice. Pick the one that suits
you best and mark it oftf on the attached
card.

Television Servicing
Teleccommunications
FCC License Preparation
Automation Electronics
Autamatic Controls
Digital Technigues
Industrial Electronics
Nuclear Instrumentation
Solid State Electronics
Electronics Drafting

ADVANCED TRAINING

For those already -working in electron-
ics, RCA Institutes offers advanced
courses. You can start on a higher level
without wasting time on work you al-
ready know.

UNIQUE TUITION PLAN

With RCA Institutes Training, you pro-
gress at your own pace. You only pay
for lessons as you order them. You
don’t sign a long-term contract. There's

no large down-payment to lose if you
decide not to continue. You're never
badgered for monthly payments. Even
if you decide to interrupt your training
at any time, you don’t pay a single cent
more.

CLASSROOM TRAINING
ALSO AVAILABLE

If you prefer, you can attend classes at
RCA Institutes Resident School, one of
the largest of its kind in New York City.
Coeducational classroom and labora-
tory training, day and evening sessions,
start four times a year. Simply check
“Classroom Training” on the attached
card for full information.

JOB PLACEMENT SERVICE, TOO!

Companies like IBM, Beli Telephone
Labs, GE, RCA, Xcrox, Honeywell,
Grumman, Westinghouse, and major
Radio and TV Nectworks have regularly
employcd graduates through RCA
Institutes’ own placement service.
SEND ATTACHED POSTAGE PAID
CARD TODAY. FREE DESCRIPTIVE
BOOK YOURS WITHOUT OBLIGATION.
NO SALESMAN WILL CALL.

All RCA Institutes courses and
programs are approved for veter-
ans under the New G.I. Bill

RCA INSTITUTES, DEPT. EwW-78
320 West 31st Street
New York, N.Y. 10001

Accredited Member National Home Study Council
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Fitl 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
CITYy

GIVE ZIP CODE

If you have o friend interested in electronics
send his name ond address for o FREE sub-

OLSON ELECTRONICS, INC.

902 S. Forge Street Akron, Ohio 44308

CIRCLE NO. 103 ON READER SERVICE CARD

NEVWV

WATTS
BOOK
IS
HERE!

‘‘Professional Methods for Record Care and
Use’’, edited by the internationally recognized
authority, Cecil E. Watts, Ltd. is “‘must” read-
ing for everyone using the new ultra-lightweight
cartridges, tracking at 2 grams or less, and/or
using an elliptical stylus. Essential for getting
the finest sound from your equipment. Price: 50¢
ALSD AVAILABLE! ‘‘How to Clean, Maintain and
Protect Records’ by Cecil E. Watts is the basic
book on record care. Covers such topics as dust,
static, static behavior, how to use record chang-
ers properly, and how to rejuvenate records.

Price: 25¢
Order both books! At your high fidelity dealer,
or use the coupon

ELPA MARKETING INDUSTRIES, INC.
New Hyde Park, N. Y. 11040

Dear Sirs:
Please send the following book(s) on record care.

[ Professional Methods ....... 50¢
[J How to Clean.....25¢

Enclosed is.

STATE

“Professional
methods for
record care
and use”

renstansn, Bacognted ttordy
o Rocord Upmonsace

Name
Address

City/State/Zip
[} Please do not send stamps. No C.0.D.’s EwW7 ‘
-
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EW Lab Tested

(Continued from page 22)

gering 110 watts per channel at the
clipping point (about 0.5% distortion).
Hum and noise, referred to 10 watts,
were —72 dB on the tuner input and
—58 dB on the phono input, both well
below published ratings. The RIAA
equalization was within =1 JB from
30 to 15,000 Hz.

The amplifier runs slightly warm and
must be ventilated. It never faltered
during our severe full-power measure-
ments, although it became uncomfort-

ably warm to the touch. There is no
stereo headphone jack and no internal
switching for remote speaker systems.
No doubt the company engineers consid-
ered these to be in the “gadget” category.

Now that we have tested the amplifier
in our laboratory and listened to it at
length in our homes, we can report that
the AR amplifier is an excellent unit—
in fact it ranks among the very best avail-
able. Perhaps its most remarkable fea-
ture is its price—$225—which is less than
any comparably rated amplifier and is
actually less than some of the better kit-
tvpe amplifiers. The optional walnut
cabinet is $15. A

Schober LSS-10A Speaker System
For copy of manufacturer’s bhrochure, circle No. 35 on Reader Service Card.

’l‘HE name Schober is well-known to
fanciers of electronic organs. For
over twelve years, Schober has pro-
duced a line of electronic organ kits,
ranging from a modest spinet to a two-

{ manual recital organ comparable to a

pipe organ in its playing facilities.
These organ kits do not include the

amplifier or Speaker system. In the

March, 1965 issue we reported on the
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t—1 SCHOBER L5S-10A SPE AKER SYSTEM— FREQUENCY RESPONSE -
|} CORRECTED FOR ROOM RESPONSE BELOW I000Hz - AVERAGE

Schober TR-2 40-watt transistor ampli-
fier, a husky unit designed for the
rigors  of organ reproduction. The
Model LSS-10A speaker is the basic
reproducer for this particular family
of organs, although a larger model is
also available.

The LSS-10A is a large, floor-stand-
ing system, measuring 24” wide x 16”
deep x 34” high. It is supplied with the
walnut-veneered cabinet fully assem-
bled, but the purchaser must mount
the speakers, install the internal pad-
ding and grille cloth, and wire the
crossover network. The enclosure is a
ducted-port bass-reflex design, with
single 12” woofer having a 3.4-pound
magnet, and an 8” middle and high-
frequency driver. The smaller unit is in
an acoustically isolated compartment
within the main enclosure. A small cut-
out in the speaker panel, normally cov-
ered by a plate, allows installation of
an optional hom-type tweeter for ex-
tended high-frequency response, if this
is desired.

The crossover frequency between the
woofer and high-frequency driver is
250 Hz and the over-all frequency re-
sponse of the system is rated at 32 to
12,000 Hz. This is more than adequate
for organ applications, although it might

Rt
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be considered somewhat lacking in the
upper ranges for general high-fidelity
music reproduction. It is for such appli-
cations that the optional tweeter is of-
fered. The LSS-10A is relatively effi-
cient, so that it is capable of delivering
the highest levels required for home
organ reproduction with the TR-2 am-
plifier as a driver.

We tested the speaker system in the
same manner as we do all speaker sys-
tems. It was placed on the floor adja-
cent to an end wall of our test room and
the multiple response curves were made
with a total of eight microphone posi-
tions throughout the room. These were
averaged to derive a single composite
response curve. Harmonic distortion at
low frequencies was measured with the
microphones about one foot from the
woofer, at a driving level of 1 watt (into
an 8-ohm nominal load resistance).
Tone-burst measurements were made
with the microphone on the central
axis of the svstem. sufficiently close
to minimize the eflects of room reflec-
tions.

The frequeuncy response was within
+6.5 dB from 65 to 15,000 Hz. Below
about 80 Hz, the response fell off at a
gradual 6 dB octave rate. Low-fre-
quency harmonic distortion was very
low, reaching a maximum of only 8%
at 24 Hz. At all frequencies above 33
Hz, the distortion was under 5% at a
1-watt drive level. The tone-burst re-
sponse was fair, with some ringing at
several frequencies but there was no
severe breakup or generation of spur-
ious frequencies.

Although the LSS-10A was designed
primarily for reproduction of electronic
organ music, we listened to it with
ordinary music and speech program ma-
terial of various kinds. Subjectively, it
seemed to have a heavier bass than the
response curve would suggest. The
mid-range was somewhat subdued, and
there was a slight accentuation of rec-
ord hiss, as compared to several other
compact speaker svstems of similar or
higher price. The system is much more
efficient than anv of the bookshelf
speakers which we have used and can
deliver an impressive sound level with-
out straining. When reproducing organ
music, it did a very fine job and was
thoroughly musical and listenable on
the general tyvpe of program material
that we used.

The Schober 1.SS-10A, in kit form, is
priced at $175. Tt is available with the
cabinet sanded, but unfinished, for
$165.50. The speakers and crossover
components, less cabinet, can be had
for $69.50, and the optional tweeter is
$28. Speakers of the size and efficiency
of this one generally cost far more. It
can serve quite adequately for general
hi-fi listening, and should be a potent
performer when driven by an electronic
organ. A
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T TAKES AN EXACT REPLACEMENT
TO HIT THE MARK
IN COLOR TV SERVICE

TWIST-LOK Capacitors
come in the right ratings so you can
make exact replacements

Ask your Sprague distributor for a copy of Sprague’s comprehensive
Electrolytic Capacitor Replacement Manual K-109 or write to:
Sprague Products Company, 51 Marshall St., North Adams, Mass. 01247,

P.S. You can increase your business i
7% % by participating in EIA’s "What spnnGUE
else needs fixing?’’ program. Ask your IHE MARK ‘OF RELIABILITY
distributor or write to us for details. & .

62-8128
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VR’s for Camera Tubes

By CHARLES BRYANT /Electro-Visual Dept.

Fairchild Space & Defense Systems, Fairchild Camera and Instrument Corp.

Traditionally, voltage regulators in television camera systems have
been expensive and ineffective. A new subminiature regulator used
in closed-circuit television systems, combines reliability with low cost.

ELEVISION systems are being used by industry to

observe the mixing of dangerous chemicals, monitor

blast furnaces, act as guards and watchmen, and ev-
en bank tellers. In all of these applications, two qualities
are paramount—the television camera must be reliable and
the picture must be stable.

Today’s industrial television cameras can produce sharp,
well-focused images with 700 to 1000 line resolution. But
unstable vidicon control voltages may cause the TV image
to be fuzzy and indistinct. To assure stability, Fairchild
Camera and Instrument Corp. has incorporated a submin-
fature voltage regulator in the outputs of all power supplies
used with its industrial and military television cameras.
The regulators, produced by Signalite Inc., are an advanced
development of the neon glow lamp. They are capable of
regulating to within one volt over the rated current range
(Fig. 1) and have very low temperature coelficients.

Stable Voltage, Stable Picture

As previously indicated, any variation in voltage on the
control grid, the accelerating grid, the focusing grid, or
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Fig. 1. Regulated voltage of the subminiature tube varies a
maximum of one volt over the entire rated current range.

Fig. 2. Typical television camera system for industrial-type use.
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the decelerator grid will result in an imperfect picture. For
example, the electron beam which is scanning horizontally
at frequencies of 15,750 Hz and at 60 Hz vertically, pro-
duces a signal voltage which is directly proportional to the
amount of light incident on the light-sensitive laver of the
signal electrode. If instability within the system causes the
voltage to vary rather than the image on the signal elec-
trode, the output will not be a true representation of the
scene under observation.

Years ago when industrial television cameras had reso-
lutions of about 350 lines, precise regulation was not im-
portant. In fact, many cameras had no provisions for vol-
tage regulation. But as camera resolution improved. so
did the requirements for regulation. Camera manutacturers
began to use transistorized power supplies, regulated trans-
formers, large gas tubes, and zener diodes for control.

The transistorized power supply was usually a complex
d.c.-to-d.c. converter that required a great number of com-
ponents. The regulating transformers (which controlled the
camera’s input voltage but left internally developed voltage
variations untouched) were large and heavy and could not
be used with portable television units. In addition to large
size, the gas tube regulators did not have the quality of
regulation needed by high-resolution TV cameras. All of
these were expensive. Zener diodes were out because their
temperature coefficients were too poor to make them use-
ful. Consequently, development of the subminiature regu-
lators meant that control devices which are reliable, low
in cost, and small enough to meet miniaturization require-
ments were at last available.

Regulated Grid Potentials
In the television camera, the voltage on each of the vid-
icon’s four grids is regulated separately (Fig. 2). Giid
#1 is the beam control and operates at a voltage of 0 to

Fig. 3. Fairchild's TO950 industrial television comera uses
string of seven subminiature tubes to control its voltages.
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—133 volts. This grid controls the electron beam which
scans the light-sensing layer of the signal electrede. If the
voltage level changes in the negative direction, the picture
will be lost completely; if the voltage becomes more posi-
tive, defocusing will occur and clarity will be lost in the
center of the picture.

Grid #2 is the accelerator which operates at 350 volts.
Grid #3 is the focusing electrode and Grid #4 is the decel-
erator. The decelerator is a fine mesh screen located ad
jacent to the photoconductive liver and is cormected to
Grid #3. Its purpose is to make the electron beam strike
the target at right angles to the surface. In the Type 7735
vidicon, Grids #3 and #4 both operate at 481 volts.

The power supply for the Fairchild TC950 industrial tel-
evision camera consists of a high-voltage power supply for
the vidicon tube and a low-voltage power supply for the
transistorized circuitry (Fig. 3).

The high-voltage section of this power supplyv eonsists of
a secondary (Terminals 4 & 5) which feeds approximately
350 volts a.c. to a voltage doubler/rectifier syvstem. The
output of the voltuge doubler is filtered by an RC network
and fed to the string ot subminiature voltage regulators.

The maximum voltage output of the power supply is
+700 volts. This voltage is dropped through ZR82R7 and
Z133R6 subminiature voltage regulators to the next tap at
+481 volts. Voltage is then further reduced by the drop
across one more Z133R6 to +350 volts. The final positive
voltage tap, +82 volts, through another series arrangement
is obtained by the voltage drops across the mnext two
Z133R6 regulators.

A half-wave rectifier in the vidicon grid power supply
is regulated by a Z133R6 and supplies the —133 volts for
the Grid #1 of the vidicon.

The +700 and +481 output voltage taps are regulated
to+0.7%,. The +350 voltage output is less demanding; it
is regulated to within +=1.19,. The +82-volt output is held
at =1.2%, and the —133-volt potential is regulated to with-
in =1.3%,. A

Table 1. Typical characteristics of three common voltage regulators.

Zener Diode iSubmHn.
Large Gas 91V,1W |Gas Tube
Tube Reg. Low High |Regulator
Characteristics |(Type VR90) Tol. Tol. '(291R2)
Regulation |+3% | £209%, +5% [£19%
Tolerance | I |
Approximate |—15 mv/°C [135 mV/°C —3.5 mv/°C
Temperature |
Coeff. !
Approximate ST12 tube DO-7 to TO-3 |T-2 Bulb
Size can, o» lug 1Vie”
type to 114"  |long
long by 1,” d
Reliability 12000 hours 30,000 hours  |30,000 hours
(Life) [ |
Stability May exhibit |Excellent Excellent
jump char-
acteristics
Voltage Range \3% |29, (1%
Current Range |5-40 mA 25t 7mA  |25t0 7 mA
Shock & Must be |Good |Good
Vibration isolated from
Tolerance vibration & ‘
shock
Installation |Socket |Solderable Solderable
|leads leads
Mounting Must be None None
Position upright in
Restrictions |certain
applications
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Bendit! Twistit!
Tiealight inknots!
withFiber Optics

The Speck-O-Lite puts the light where you .
need it, not just where you can get it!

The amazing Speck-O-Lite takes advan-
tage of a new breakthrough in the science
of optics: the fiber optic light guide. The
Speck-O-Lite can effectively bend light
around corners, take light into tiny crev-
ices, and siide light through narrow slits
that completely frustrate conventional
lighting devices.

Use the shock-proof Speck-O-Lite to illu-
minate impossible-to-reach parts in a
sophisticated assembly; read code mark-
ings on small parts without removing them
from the dark recesses of an enciosure;
light enclosed components from the inside
if you have an opening as small as

Yath inch!

Ask your distributor about Speck-O-Lite.
Tie it around your finger and take it home.

Kurz-Kasch,Inc.
Fiber Optics Division
Xenia, Ohio 45385

CIRCLE NO. 110 ON READER SERYICE CARD
71

www.americanradiohistorv.com


www.americanradiohistory.com

THE ELECTRONIC INDUSTR
MOST CURRENT 1968 CATALOG

9

ALL NEW...

SPRING AND SUMMER
ELECTRONICS CATALOG

RADIO-
ELEC]ROTV

g €
YOUR BUYING : Auwamm

GUIDE FOR:

¢ Stereo & Hi-Fi Systems
& Components e Tape Re-
corders ® Phonos, Radios,
& TV's ® Cameras & Film
e PA e Ham Gear o Test
Instruments & Kits o Citi-
zens Band e Electronic
Parts, Tubes & Tools.
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GAS _ a
WELDING
TORCH

e (]
Uses OXYGEN &&'
and LP GAS
e Completely self-contained: ,‘.‘
e Produces 5000° pin-point-flame. :a
o Welds, brazes, solders. ."lj[.\.j
e Hundreds of lightweight uses. TECHNICIANS
e Suggested list — $19.95. =
- E-)
GET COMPLETE DETAILS AT MOST IN- \v
DUSTRIAL DISTRIBUT RS, OR WRITETO »
MICROFLAME, INC. WSy
SERVICE SHOPS
MICROFLAME, INC.

7800 COMPUTER AVENUE
MINNEAPRPOLIS, MINNESOTA 655424
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Color-TV Set Shows Slides
(Continued from page 35)

be used independently for tape recording and playback.

In the tape unit, the slide-changing signal is a 60-Hz tone,
derived from the power line, and recorded on the tape
whenever the “slide-change” button is depressed during re-
cording. On playback, this tone is sensed by a highly se-
lective amplifier which operates a relay. A number of pro-
visions guard against false triggering, including the use of
a switch which senses the difference between home-made
tapes which may have the synchronizing tone recorded on
them, and prerecorded tape cartridges which, of course, do
not.

Performance of the system exceeds NTSC standards. Res-
olution is about 40 percent greater than normal color-TV.
The absence of the 3.58-MHz grain improves picture qual-
ity. Black-and-white slides can also be projected on the
TV tube.

Controls & Adjustmments

User controls on the scanner include contrast and color
level. These coutrols can be used to enhance the quality
of color slides, which of cowse is not possible with the con-
ventional optical projector. Brightness is adjusted with the
normal TV brightness control.

There is no tint or hue control associated with the slide
scanner, nor 1s one necessary. Remember that this is a
3.58-MHz phase control to compensate for TV station and
transmission errors. In this system, there is no 3.58-MHz
subcarrier, no transmission errors, and no need for user
adjustment.

Color balance is adjusted at the factory or by the service
technician with a “white-window” slide (cardboard with a
hole) and scope. The red, blue, and green photomultipliers
are adjusted for equal output at specified test points.

The only other factory or service adjustments are: light-
source CRT position (picture size), centering, optical focus,
electrical focus, and light-source CRT beam current. There
is also a sensitivity adjustment in the audio circuit which
senses slide-change signals.

Most of the circuitry is accessible with the complete as-
sembly mounted in the cabinet. The “window” slide, scope,
and v.t.vim. will track down just about any circuit mal-
function. The chassis and optical system slip out easily
and as a unit, as shown in the photo below. A schematic and
service instructions are packed with each set. A

Flying-spot scanner chassis with slide-change mechanism
mounted on top. The light-source CRT shown at right.

ELECTRONICS WORLD
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IC Preamplifier
(Continued from page 29)

dependence, so that feedback is greater
at higher frequencies. This loop is re-
sponsible for the low-frequency boost
that is produced.

Three capacitors at switch S1A pro-
duce a high-frequency rolloff. As fre-
quency is increased, a smaller load is
applied to the first transistor’s collector
circuit. In the microphone position, no
bass boost is emploved; the capacitor at
switch S1A limits high-frequency re-
sponse to about 30 kHz. (See Fig. 2.)

If higher gain is required for tape
playback applications, the preamp gain
can be increased by providing an addi
tional capacitor to ground across part of
the emitter resistance. A large capacitor
is required because of the low emitter
resistance levels, if the extra gain is to
be useful at low frequencies. For ex-
ample, a 125-yF capacitor can be used
across a 560-ohm resistor, with a 180-
ohm unbypassed series resistor.

This gain-boosting technique must be
applied carefully for tape playback
work. If head inductance exceeds 5 mH
or so, input circuit loading will result in
a strong treble rolloft.

The rated output of the preamp is
about 0.5-volt r.m.s. for a good over-
load ratio. If this is insufficient, then
the booster amplifier of Fig. 3 should
be used. This will produce a maximum
output of about 4 volts rms. into a
47,000-ohm or higher load.

Amperex’s Al04 transistor used in
the booster may be replaced by any sili-
con n-p-n type with a beta over 150 or
so. Almost any of the new small-signal
silicon-planar transistors should be satis-
factory.

For stereo operation, two TAA-293
preamplifiers (and booster amplifiers, if
used) will be required. For maximum
channel isolation it is suggested that
separate decoupling be used to each
system. This is shown in Fig. 4.

The applications suggested here for
the TAA-293 integrated circuit-are only
typical. Due to the accessibility to the
IC internal connections, a considerable
latitude of design freedom is possible
when this IC is used. A

Fig. 4. This decoupling system will pre-
vent feedback and crosstalk problems
when two preamps are used for stereo.
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WITH
CONTROLLED QUALITY CRYSTALS

e Tried and True

* Complete Range
e Guaranteed

* Ready for you at

vour dealer

TEXAS CRYSTALS

Division of Whitehall Electronics Corp.

1000 CRYSTAL DRIVE +

FORT MYERS,
FLORIDA 33901

Plants in Fort Mvers
and Los Angeles, Calif.

CIiRCLE NO. 198 ON READER SERVICE CARD )

Multi-Band Coverage will
MAKE YOU MONEY!

LOW BAND
BUSINESS
AIRCRAFT

MARINE

CITIZENS
BAND

NO EXTRA CRYSTALS

Lampkin Frequency Meter Type 105-B
GUARANTEED ACCURACY .0019%
Range: 100 KHz-175 MHz.  $295.00

You can buy separate frequency meters |
for modsile-radio transmitters in the sep- |
arate kands — BUT — when you need
just ONE channel outside that band, you
are maney ahead with the LAMPKIN. |

Dial readings for virtually EVERY mobile-
radio channe! (printed by computer} now
availatde at less than 3¢ per channel.

For camplete specifications — MAIL
COUPON TODAY!

Use this coupon for FREE bocklet ‘‘How
To Make Money in Mobile-Radic Main-
tenance’”’ and information on Llampkin
meters.

Name

Address.

City State Zip

LAMPKIN LABORATORIES, INC,
MFM Div., Bradenton, Fla. 33505

wwWWw.americanradiohistorv.com

WORLD'S
FINEST |

ERSIN

MULTICORE

ONLY 69¢

BUY IT AT RADIO-TV PARTS STORES
MULTICORE SALES CORP., WESTBURY, N.Y. 11590
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Delta Launches the

COMPUTACT™

[ . et e s e e

sk An exclusive computer-
tachometer for precise RPM
measurement in easy-to-
buitd Kit form! "

Delta, pioneers in CD ignition who pro-
duced the fabutous MARK TEN®, now offer
a precise computer-tachometer which obso-
letes any type tachometer on the market
today! You achieve unbelievable accuracy
in RPM readings due to the advanced,
solid-state electronic matched compenents
used in the computer, coupled with the
finest precision meter in the world. Works
on all 2, 3, 4, and 6 cylinder 2 cycle and
with 4-6-8 cylinder—4 cycle 12 volt engines.

A 0-8000 RPM range

Perfect linearity — zero paralax
Adjustable set pointer

Wide angle needle sweep
Translucent illuminated dial
Chrome plated die-cast housing
All-angie ball & socket mounting
Use it with ANY ignition system
Meter: 3% " dia. X 33" deep

Calibration kit included, no test eqpt.
needed.

>

Orders shipped promptly.
Satisfaction guaranteed.

DELTA PRODUCTS, w: |

Send check today!
P.0. Box 1147 EW / Grand Junction, Colo. 81501

Enclosed is $__ ] Ship ppd. (] Ship C.0.D.
Please send:

[] COMPUTACH® Kits @ $29.95 ppd
Sold in Kit Form ONLY!
Name____ o | __ §
Address_ -
City/State. . Zip

CIRCLE NO. 113 ON READER SERVICE CARD

74

"TEST EYENE
- EOQOUIPMENT

PRODUCT REPORT

Heath Model 1G-14 Marker Generator

Sy

HEAT»K‘T TV

s
MO0 100kHr 306 358

s,

For copy of manufacturer’s brochure, circle No. 36 on Reuder Sercice Card.

POST MARKER GENERATOR
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NY technician who has ever sweep-
aligned a TV or FM set knows the
value ol an accurate marker generator
to indicate precise fnequencues on the
response curve produced by his sweep
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generator. A good many sweep geneir-
ators have built-in facilities for marker
generation, consisting of a rather simple
variable-frequency r.f. generator. Some
of these generators have a front-panel
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DELUXE

RECORD AND
TAPE CASES

plus ;M cataloging forms
/—-

e PADDED BACK

¢ DUST PROOF

e GOLD EMBOSSED

These decorative, yet sturdily con-
structed cases are just what you've

been Iﬂal{lﬂg for 1 keep your records and
tapes from getting tossed about and damaged,
disappearing when you want them most and just
generally getting the “‘worst of it"' from constant
handling. They're ideal too for those valuable
old °*78's"’ that always seem to get thrown
about with no place to go.

Constructed of reinforced fiberboard and covered
in rich leatherette in your choice of nine dec-
orator colors, the HIFI/STEREC REVIEW Record
and Tape Cases lend themselves handsomely to
the decor of any room, whether it be your library,
study, den, music room or pine-paneled garage.
The padded leatherette back (in your color
choice) is gold tooled in an exclusive design
available only on HIFI/STEREO REVIEW Record
and Tape Cases. The sides are in standard black
leatherette to keep them looking new after con-
stant use. With each Record and Tape Case you
fra order you will receive, free of charge,
X a specially designed record and tape
cataloging form with pressure-sensi-
tive backing for affixing to the side of
each case. It enables you to list the
record names and artists and will prove
an invaluable aid in helping you locate
your albums. The catalog form can be
removed from the side of the case at
any time without damaging the leath-
erette.
Record Cases are available in three sizes: for 77,
10” and 12” records. Each case, with a center
divider that separates your records for easy acces-
sibility, holds an average of 20 records in their
original lackets The Recording Tape Case holds
6 tapes in their original boxes.
® The Tape Cases and the 7 Record Cases (with
catalog forms) are only $4 each; 3 for $11;
6 for $21.
® The 10” and 12” Record Cases (with catalog
forms) are $4.25 each; 3 for $12; 6 for $22.
Add an additional 75¢ per order (regardless of
number of cases ordered) for shipping and han.
dling. Outside U.S.A. add $1 per case ordered.

Ziff-Davis Publishing Company, Dept. SD iP-68
One Park Avenue, New York, N.Y. 10016

My remittance in the amount of §

is enclosed for the Cases indicated below.

Quantity

. Tape Case at $4 each; 3 for
$11, 6 for $21
7" Record Case at 34 each;
3 for $11, 6 for $21.
10” Record Case at $4.25 each;
3 for $12, 6 for $22.

— . 12” Record Case at $4.25 each;

3 for $12, 6 for $22.

Add 75c PER ORDER for SHIPPING and HANDLING
Outside U.S.A. add $1 per case ordered.
Check color choice for back of case (sides in

black only):

{7 Midnight Blue [ Red
] Pine Green (] Orange
[ Grey O Black

Name

Address
City State Zip
mma PAYMENT MUST BE ENCLOSED WITH ORDER ==

July, 1968

(7] Saddle Tan
] Yellow
] Spice Brown

EW-78

[socket to accommodate a single crystal,
say at 10.7 MHz or at 4.5 MHz, in or-
der to produce a highly accurate mark-
er at that frequency. The new Heath
Model IG-14 contains no less than 16
separate oscillators, 15 of them being
highly precise crystal oscillators that
operate within 0.005% or 0.01% of the
indicated frequency.

This instrument is referred to as a
“post marker generator” because the
| varions markers are introduced after
the tuned circuits that shape the re-
sponse curve rather than before. In this
way, the tuned circuits do not alter the
shape and amplitudes of the markers
as would be the case if the markers
were applied to the tuned circuits. With
the post-marker technique, it is possible
to spat dips in the response curve where
trap “suck-out” frequencies occur and
to completelv mark any curve regard-
| less of its shape.

The Model 1G-14 must be used in
conjunction with a separate sweep gen-
erator which supplies it with a sample
of its sweep signal in order to generate
the “birdie” markers. A scope is, of
course, also required in order to display
the swept response-curve waveform.
By using six of the crystal oscillators
simultaneously, it is possible to show
on a single TV i.f. response curve exact
frequencies for the picture if. camier,
sound i.f. carrier, the maximum ampli-
tude point, the —1.5 dB and —6 dB
frequencies, and trap frequency. Adja-
cent-chanunel trap frequencies can also
be marked by switching in additional
oscillators. Frequencies available in the
TV if range are: 39.75, 41.25, 42.17,
42.50, 42.75, 45.00, 45.75, and 47.25
MHz. The Chloma l)andpdss and sound |
i.f. curves can he marked with ClVStal
oscillators at 3.08, 3.58, 4.08, and 4.5
MHz. The FM if. can be marked with
a crystal oscillator at 10.7 MHz, while
TV channels 4 and 10 pix carrier can be
marked with crystal oscillators at 67.25
and 193.25 MHz. In addition, a 100-
kHz LC oscillator, which can be ad-
justed to zero-beat with WWYV, supplies
closely spaced r.f. markers while a 400-
Hz RC oscillator provides audio modu-
lation.

This compact solid-state, a.c.-line-op-
erated generator uses 22 silicon transis-
tors and 4 diodes to generate all the sig-
nals mentioned above. In addition, a
built-in bias supply that can deliver an |
adjustable voltage of either polarity up
to 15 to 18 volts (depending on load)
lis included. This is required during
| sweep alignment in order to bias the am-
plifier stages being aligned.

All the crystal oscillators in the kit
we constructed were highly active and
they operated over a wide range of col-
lector tuning adjustment. By adjusting
these circuits in the Miller crystal oscil-
lators, it was possible not only to set the
circuits to be stable and self-starting,

www.americanradiohistorv.com
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The TRUE electronic solution to a
major problem of engine operation!

DELTA'S FABULOUS

MARK TEN

Only $44.95 ppd.
In easy-to-build Deltakit®

Only $29.95 ppd.

CAPACITIVE DISCHARGE

IGNITION SYSTEM

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

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

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

READY FOR THESE BENEFITS?

A Dramatic Increase in Performance and in
Fast Acceleration

A Promotes more Complete Combustion

A Points and Plugs last 3 to 10 Times
Longer

A Up to 20% Mileage Intrease {saves gas)

LITERATURE SENT BY RETURN MAIL
BETTER YET — ORDER TODAY!

DELTA PRODUCTS, u:.

Grand Junction, Colo. 81501
Enclosed is § 7 Ship ppd. [ Ship C.0.D.
Please send:

[ Mark Tens (Deltakit®) @ $29.95

(12 YOLT POSITIVE OR NEGATIVE GROUND OKNLY)
O Mark Tens (Assembled) @ $44.95
1 6 volt: Negative Ground only.
12 Volt: Specify

P.0. Box 1147 EW -

Positive Ground
Negative Ground
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I
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o
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Car Year_ ___Make
Name._
Address
City/State _ Zip —
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SAVE =3°°

ONALLIED
ELECTRONIC
LIBRARY

Complete 14

* All Abgyt Hi-Fi g Stereg
* Built-In Stereo Hi.f; Syst

* Your Tape Recorder ¥
. E{ecrronics Handboox

. chtlonary of Electroni Terms

* Encyclopeqia g
f .
0mponents Electronic

VOIU me Se'[ o :Sing The Oscilloscope
* Best Ways
only 25 vrvg 10 Use Vou.
(5325 if purchased * petlig Starteg 1
separately) 9 H;Cf!omcs‘
Fourteen . mw To Build Electygp, Kits
expertly written, nsistors
authoritative * Schematic Diagrams

books-—an extremely

* Integrateq gy
useful library b

* Citizeps , .
developed especially a"d Radio

for you by Allied’s ol e

Electronic Experts. = =

ELECTRONIC BOOKS FOR HOBBY,
SCHOOL, OR HOME STUDY!

RUSH ME THE SET! ALLIED ELECTRONIC LIBRARY
Fill out coupon , enclose check or money order for $6.25, and mail to

ALLIED RADIO, ».0. 8ox 4453, chicago, 1. s0680

l

|

: Post Paid (please print) 23 PC T409EP
|

l

I NAME___ ]

| First Miadle Last
| ADDRESS

|

| oy

t

b sTaATE up
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FOR $14.95
THIS BUG WILL TELL
YOU EVERYTHING
IT HEARS

For Business!—Pleasure!—Intrigue!

Concealed inside this decorative insect's in-
nocent exterior is a miniature microphone
and radio transmitter, which broadcasts a
strong signal to any FM radio within 200
feet.

Simply switch this intercom on, and have
anyone you choose tune to 88-30 mc on
their FM. Normal conversations will be
picked up loud and clear (remember FM is
static-free). There are no wires. We're sure
you can think of dozens of fun ways to use
the bug, but here are a few thought starters:

Play with it at your next party, with the guys
at the office. Use it as an intercom with
your secretary or to the kids’ room. You can
even tape record what you hear for posterity.

The sophisticated electronic components
were designed by Continental, America’s
leading specialist in security equipment. Get
the bug. For yourseif. For friends. For fun.

BUY 2 ONLY $28.00

SPECIAL: Complete 1968 security and crime
deterrent catalog. ONLY $2.35. Send check
or money order.

PATHE ELECTRONICS
MANUFACTURING COMPANY E-W

47 East 19th Street, New York, N.Y. 10003
Telephones: 674-2494: 674-2480-1
DIVISION OF PHONOMATIC

Dealer Inquiries Also Invited

CIRCLE NO. 102 ON READER SERVICE CARD
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but also to adjust the amplitudes ot the
outputs so as to make all markers the
same size. The Pierce crystal oscillators
used for the lower frequencies were, of
| course, not adjustable.

Construction of the kit was simple;
all the oscillators are on one printed-

circuit board while the remainder of
the circuitry is on another. Once these
boards are completed and the front-
panel switches, controls, and coax con-
nectors are wired up, the unit is ready
to operate. Price of the IG-14 post
marker generator kit is $99.95. A

Knight Model KG-686 R.F. Signal Generator

| For copy of manufacturer’s brochure, circle No. 37 on Reader Service Card.

|
| HE Model KG-686 signal generator
| is another product in Knight’s new
line of solid-state test equipment in kit
form. We have already covered a match-
ing sweep generator in considerable de-
| tail in our January “Test Equipment
Product Report.” This r.f. signal gener-
)ator also uses all silicon transistors for
| temperature stability and long-lived op-
| eration.

The generator covers a frequency
| range from 100 kHz to 54 MHz. This
|includes the television if. frequencies
so the instrument can be used for trap
} alignment or for marking an i.f. response
curve. Frequency accuracy is within 1.5
| percent on all five bands while the
| built-in 100 kHz/1 MHz crystal cali-
brator (accuracy 0.05 percent) provides

audio heterodyne beats—through built-
in detector, amplifier, and speaker—
that are close enough together so as to
| more accurately calibrate the dial read-
ing of the generator. The switchable
' meter operates in conjunction with the

six-switch step attenuator and fine at-
tenuator to show r.f. carrier output or
modulation level. Total capability of
the shielded step attenuator is —96 dB
while a calibrated output as low as
—106 dB (0.5 microvolt) is obtainable.
Careful chassis layout and the use of
plenty of copper shielding assure that
radiated leakage is kept to a minimum.

The generator uses a floating-type
chassis-isolated oscillator, which also
minimizes radiated leakage. There are
tunable coils and trimmer capacitors on
each band so that good frequency ac-
curacy and close tracking can be pro-
duced.

The instrument uses ten transistors
and six diodes, one of which is a zener
for power-supply regulation. All wiring
in the kit is point-to-point using a large
number of widely spaced terminal strips
for parts mounting and interconnec-
tions. Printed circuits are not used.
Price of the kit, which is available from
Allied Radio, is $95. A

l

i Hewlett-Packard Model 220A
Square-Wave Generator

| For copy of manufacturer’s brochure,

| circle No. 149 on Reader Service Card.

HE new H-P Model 220A provides

\ a negative square-wave output with Y

a pulse repetition rate of from 1 Hz to
10 MIlz. The pulse repetition rate mav
be adjusted by a front-panel control, or
it may be remotely varied by applica-
tion of a d.c. voltage to a rear-panel
connector. The generator may also be
"used as a gated source by applying a
pulse to the connector.

WWW.americanradiohistorv.com

‘5 220A SQUANE WAVE GENERATOR
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The Model 220A is a high-quality,
general-purpose test instrument that
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may be used for testing video or audio
amplifier performance and in making
phase shift, frequency response, or tran-
sient measurements. In computer, pulse
code, telemetering applications, it pro-
vides a variable trigger source. for
switching purposes.

Frequency is selectable in seven de-
cade ranges. A vernier selects the exact
frequency desired. Source impedance is
50 ohms. This preserves the clean wave-
shape with its less than 15-nanosecond
rise time, by absorbing reflections from
impedance mismatches on the output
cable. If the source impedance were not
50 ohms, reflections would be re-reflect-
ed, thus distorting the square wave
form produced.

The generator uses all silicon transis-
tors and diodes and operates from the
60-Hz power line. It measures only
5%” wide by 3%¢” high by 115" deep.
Price of the instrument is $195. A

EXECUTIVE RESERVES NEEDED
THE U.S. Department of Commerce

has issued a call for executives 1o
fill vacancies in the National Defense
Executive Reserve, the civilian organiza-
tion that helps the Government mobilize
industry in times of national emergency.
The need is especially acute in the scien-
tifie, photographie, and business equip-
ment division of the corps.

The Division’s prime functions are to
help foster, promote, and develop busi-
ness opportunities and direct industrial
mobilization activity of the BDSA in the
industrial areas covered. Executive Re-
serve candidates should be in the 35-55
age bracket and have executive experi-
ence in bhusiness admmistration, produc-
tion procedures, and/or industrial distri-
bution processes. Appointments are for
three years and are renewable.

The BDSA industrial unit of the Ex-
ecutive Reserve has 1450 members al
present. The Office of Emergency Plan-
ning has authorized an increase to 3000.

In past emergencies—three times in
this century, the U.S. was forced 1o ex-
pand its civilian staff to meet military
defense requirements. Each time nongov-
ernmental sources were called upon for
additional executive talent to fill impor-
tant administrative positions. This proved
to bhe a costly, time-consuming task, es-
pecially when such recruiting had 10 be
done on an improvised basis. The De-
fense Production Act of 1950 was de-
signed 1o eliminate such hit-and-miss
recruiting by maintaining indusirial
mobilization capability. A 1955 amend-
ment 1o the Act provided for the Nation-
al Defense Executive Reserves.

The Business and Defense Services
Administration has developed manpower
requirements for specific skills needed
to stafl the Unit at national, regional, and
field-office levels. To sce if you qualify
and for additional information on the
Reserves, contact the Office of Industrial
Mobilization (Code 520), BDSA, U.S.
Department of Commerce, Washington,
D. C. 20230, or any of the Department’s
field offices. A
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Crisp Bacon

IN 90 Seconds

with INTERNATIONAL'S
MICROWAVE OVEN

The culinary wonder of space age cooking moves to your
Kitchen with this new International countertop oven that
cooks with radar-spawned microwave power.

People on the go will welcome an oven that makes cooking,
chores a pleasure. Imagine a ‘'piping hot”” TV dinner (frozen)
in 3%2 minutes™ instead of 20 to 50 minutes. Bake a potato
in 5 minutes instead of 60 minutes. Warm a chilled baby
bottle in 60 seconds. Fry crisp bacon in 90 seconds on a
paper plate. Great for those leftovers.

International Microwave Oven is truly remarkable. No more
waiting for the oven to reach cooking temperature.

Countertop designed for the home, mobile hhome, or the
galley on.your boat. No special wiring required. Works on
115 vac house circuit. Comes in baked vinyl white with
attractive trim.

Available direct from International or through your local appliance dealer.

*Times listed are approximate and vary with size of item.

Write for folder

INTERN

ATIONAL

CRYSTAL MFG. CO, INC.

10 NO. LEE @ OKLA. CITY. OKLA. 73102
CIRCLE NO. 111 ON READER SERVICE CARD
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50 functions in a single chip. T/ic functions of 50 separate tran-
sistors, diodes, resistors and capacitors can now be formed by the

tiny dot in the center of the integrated circuit held by the tweezers.

The"Chip”

...will it make or break
vour job future?

THE DEVELOPMENT OF INTEGRATED CIRCUITRY
is the dawn of a new age of electronic miracles. It
means that many of today’s job skills soon will be
no longer needed. At the same time it opens the
door to thousands of exciting new job opportuni-
ties for technicians solidly grounded in electronics
fundamentals. Read here what you need to know
to cash in on the gigantic coming boom, and how
you can learn it right at home.

INY ELECTRONIC “CHIPS,” each no bigger than the

head of a pin, are bringing about a fantastic new
Industrial Revolution. The time is near at hand
when “chips” may save your life, balance your
checkbook, and land a man on the moon.

Chips may also put you out of a job...or into a
better one.

“One thing is certain,” said The New York Times
recently. Chips “will unalterably change our lives
and the lives of our children probably far beyond
recognition.”

A single chip or miniature integrated circuit can
78

perform the function of 20 transistors, 18 resistors,
and 2 capacitors. Yet it is so small that a thimbleful
can hold enough circuitry for a dozen computers or
a thousand radios.

Miniature Miracles of Today and Tomorrow

Already, as a result, a two-way radio can now be
fitted inside a signet ring. A complete hearing aid
can be worn entirely inside the ear. There is a new
desk-top computer, no bigger than a typewriter yet
capable of 166,000 operations per second. And it is
almost possible to put the entire circuitry of a color
television set inside a man’s wrist-watch case.

And this is only the beginning!

Soon kitchen computers may keep the housewife’s
refrigerator stocked, her menus planned, and her
calories counted. Her vacuum cleaner may creep out
at night and vacuum the floor all by itself.

Money may become obsolete. Instead you will
simply carry an electronic charge account card. Your
employer will credit your account after each week’s
work and merchants will charge each of your pur-
chases against it.

ELECTRONICS WORLD
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When your telephone rings and nobody’s home,
your call will automatically be switched to the phone
where you can be reached.

Doctors will be able to examine you internally by
watching a TV screen while a pill-size camera passes
through your digestive tract.

New Opportunities for Trained Men

What does all this mean to someone working in elec-
tronics who never went beyond high school? It
means the opportunity of a lifetime—if you take ad-
vantage of it.

1t’s true that the “chip” may make a lot of manual
skills no longer necessary.

But at the same time the booming sales of articles
and equipment using integrated circuitry has cre-
ated a tremendous demand for trained electronics
personnel to help design, manufacture, test, operate,
and service all these marvels.

There simply aren’t enough college-trained engi-
neers to go around. So men with a high school edu-
cation who have mastered the fundamentals of elec-
tronics theory are being begged to accept really
interesting, high-pay jobs as engineering aides, jun-
jor engineers, and field engineers.

How To Get The Training You Need

You can get the up-to-date training in electronics
fundamentals that you need through a carefully
chosen home study course. In fact, some authorities
feel that a home study course is the best way. "By
its very nature,” stated one electronics publication
recently, "home study develops your ability to an-
alyze and extract information as well as to strength-
en your sense of responsibility and initiative.” These
are qualities every employer is always looking for.

If you do decide to advance your career through
spare-time study at home, it makes sense to pick an
electronics school that specializes in the home study
method. Electronics is complicated enough without
trying to learn it from texts and lessons that were
designed for the classroom instead of correspon-
dence training.

The Cleveland Institute of Electronics has every-
thing you're !ooking for. We teach only electronics
—no other subjects. And our courses are designed
especially for home study. We have spent over 30
years perfecting techniques that make learning elec-
tronics at home easy, even for those who previously
had trouble studying.

Your instructor gives your assignments his un-
divided personal attention—it’s like being the 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.

Always Up-To-Date

Because of rapid developments in electronics, CIE
courses are constantly being revised. Students re-

ENROLL UNDER NEW G.I. BILL
All CIE courses are available under the new G.I.
Bill. If you served on active duty since January
31, 1955, or are in service now, check box on
reply card for G.I. Bill information.

; s

o
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Tiny TV camera
for space and mili-
tary use is one of
the miracles of in-
tegrated  circuitry.
This one weighs 27
ounces, Uses a one-
inch vidicon cam-
era tube, and re-
quiresonly four
watts of power.

ceive the most recent revised material as they pro-
gress through their course. This year, for example,
CIE students are receiving exclusive up-to-the-min-
ute lessons in Microminiaturization, Logical Trou-
bleshooting, Laser Theory and Application, Single
Sideband Techniques. Pulse Theory and Applica-
tion, and Boolean Algebra. For this reason CIE
courses are invaluable not only to newcomers in
Electronics but also for “old timers” who need a
refresher course in current developments.

Praised by Students Who’ve Compared

Students who have taken other courses often com-
ment on how much more they learn from CIE.
Mark E. Newland of Santa Maria, California, re-
cently wrote: “Of 11 different correspondence
courses I've taken, CIE’s was the best prepared.
most interesting, and easiest to understand. 1 passed
my st Class FCC exam after completing my course,
and have increased my earnings $120 a month?’

Get FCC License or Money Back

No matter what kind of job you want in electronics,
you ought to have your Government FCC l.icense.
It's accepted everywhere as proof of your education
in electronics. And no wonder—the Government li-
censing exam is tough. So tough, in fact, that with-
out CIE training, two out of every three men who
take the exam fail.

But better than 9 out of every 10 CIE-trained
men who take the exam pass it.

This has made it possible to back our FCC Li-
cense courses with this famous Warranty: you must
pass your FCC exam upon completion of the course
or your tuition is refunded in full.

Mail Card For Two Free Books

Want to know more? The postpaid reply card bound
in here will bring you a free copy of our school cata-
log describing today’s opportunities in electronics,
our teaching methods, and our courses, together with
our special booklet on how to get a commercial FCC
License. If card has been removed, just send us your
name and address.

@
CIE

Cleveland Institute of Electronics

1776 E.17th St., Dept. EW-47, Cleveland, Ohio 44114

*

; g

:
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Accredited Member National Home Study Council
AleaderinElectronics Training...Since 1934

ST

CIRCLE NO. 121 ON READER SERVICE CARD
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BOOK
REVIEWS

"LASER TECHNOLOGY AND APPLICA-
TIONS* edited by Samuel L. Marshall.
Published by McGraw-Hill Book Co.,
New York. 286 pages. Price $14.00.

Eleven authorities in the areas of
lasers have contributed to this volume
which is directed to engineers and physi-
cists on a senior or first-year graduate
level. Their dependence on mathematics
is extremely heavy and persons without
the requisite engineering background
will find this text hard going.

But for those who do have the back-
ground, this is an extremely valuable
contribution to the literature of lasers.
Each contribitor writes about his own
speciality: Dr. C. Bowness of Raytheon,
P.A. Cirincione of the U.S. Naval Train-
ing Device Center, Dr. C.G.B. Garrett,
Dr. E.I. Gordon, and Dr. J.P. Gordon of
Bell Labs; Dr. C.F. Luck, Jr., Raytheon;
Dr. H.T. Minden, Sperry Rand; Dr. A.
Paladino, Raytheon; T. Schultz, TRG;
Dr. C.M. Stickley, Air Force Cambridge
Research Labs; Dr. L.M. Vallese, I1T7T-
Federal; and L. Waszak, TRG.

The text is divided into nine chapters
covering an introduction to lasers, back-
grounds in modern physics, elements of
laser theory. solid-state lasers, semicon-
ductor diode lasers, gas lasers, crvstal
and glass laser material synthesis, laser
instrumentation, and applications of
lasers.

* * *
“ELECTRICAL CHARACTERISTICS OF TRAN-
SISTORS'* by R. L. Pritchard. Published
by McGraw-1ill Book Company, New
York. 697 pages. Price $19.50.

This volume has been prepared as a
“middle ground” text to fill the void De-
tween texts on semiconductor physics
and transistor circuit applications. The
author, now professor of electrical en-
gineering at Stanford but formerly staff
director of engineering at Texas Instru-
ments Semiconductor/Components Di-
vision, begins with a brief introduction
in which the qualitative aspects of p- and
n-type semiconductors and the various
tyvpes of p-n junctions are covered and
then goes on to discuss d.c. character-
istics, low- and high-frequency a.c. char-
acteristics. equivalent circuits, switching
response, the linear-performance char-
acteristics of gain, distortion, noise, and
temperature variations.

The necessary basic fundamentals of
semiconductor physics are covered brief-
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lv in the first chapter—in terms of classi-
cal physics where possible.

The other cight chapters cover the p-n
junction diode; transistor static charac-
teristics;  low-frequency  small-signal
characteristics; high-frequency charac-
teristics:alloy-like model; high-frequency
a.c. characteristics—generalized switch-
ing characteristics; signal transmission
properties; and thermal effects in tran-
sistors.

A bibliography of some thousand
works by 800 authors is appended to the
text and represents a veritable gold-mine
of additional data on any or all of the
topics discussed in the text.

* * *
"HANDBOOK OF SEMICONDUCTOR CIR-
CUITS". Published by Tab Books, Blue
Ridge Summit, Pa. 17214, 448 pages.
Price $7.95.

This is a hard-cover edition of a U.S.
Government Printing Office publication
entitled “Military Standardization Hand-
book. Selected Semiconductor Circuits”
(MILHIDBK-215).

It contains 124 examples of standard
transistor circuits, complete with opera-
tional data, for amplifiers, oscillators,
logic and switching circeuits, power sup-
plies. and various nonlinear circuits. Di-
rected to engineers and technicians,
each circuit description includes data
concerning any unique design or oper-
ating feature, a complete schematic, and
parts values. The text is lavishly illus-
trated.

* * *
“MEASURING METHODS AND DEVICES IN
ELECTRONICS” by A.C.]. Beerens. Pub-
lished by Hayden Book Company, Inc.,
New York. 176 pages. Price $4.25. Soft
cover.

This book has been translated from
the Dutch and is one of a series of tech-
nical treatises published by Philips of
Eindhoven. The technical level is such
that both electronics engineers and tech-
nicians will find it useful.

The first part of the book deals with
various types of measuring instruments
—equipment for measuring current and
voltuge, the CRO and its accessories,
signal generators, impedance measuring
bridges, frequency meters, regulated
power supplies—while the second part
of the book covers various types of
measuring methods.

There has long been a need for a book
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of this type and luckily this volume goes
a long way towards meeting that need.
Only a minimum amount of mathe-
matics is required and the lavish use of
illustrative material generally makes the
information clear without too heavy re-
liance on mathematical derivations.

* * *
“UNDERSTANDING SILICON CONTROLLED
RECTIFIERS” by Saul Heller. Published
by Hayden Book Company, Inc., New
York. 130 pages. Price $3.50. Soft cover.

This handbook, written by an instruc-
tor at Voorhees Technical Institute, of-
fers a concise treatment of the SCR
which is designed to make this impor-
tant component understandable to en-
gineers, technicians, and students.

The illustrated text is divided into
nine chapters dealing with semiconduc-
tor fundamentals; how the SCR works;
triggering circuits; turn-off methods; the
family of SCR’s; static switches; phase-
control switching; inverters, choppers.
and cycloconverters; and factors affect-
ing applications, characteristics, and
ratings.

The author’s approach is lucid, sim-
ple, and non-mathematical. Even per-
sons without a background in semicon-
ductor technology should be able to
handle this text.

* * *
““FUNDAMENTALS OF ELECTRONIC COM-
PUTERS by Matthew Mandl. Published
by Prentice-Hall, Inc., Englewood Clifs,
N.J. 337 pages. 101l-page laboratory
manual for use with text, soft bound.

This text covers both digital and ana-
log computers and is designed as a
medium-level book for those who have
a basic knowledge of d.c. and a.c. elec-
tronic fundamentals, including solid-
state circuits, and are ready to move up
to the computer field.

The text is divided into twelve chap-
ters and an appendix. After discussing
the basic types, circuits, and signals, the
author launches into computer arithme-
tic; logic gates and Boolean algebra:
flip-flops, accumulators, and counters:
special codes and notation; calculation
circuits; storage systems and compo-
nent logic; input and output devices;
programming  fundamentals; program-
ming procedures; analog computer prin-
ciples; and auxiliary analog devices. The
material has been carefully presented so
that cach topic the student learns is of
immediate application in the next topic
under consideration,

The writing is clear, concise and anyv
student with the requisite background
should have no difficulty in handling
this material. The companion lab experi-
nient book is closely keved to the text
and offers practical experience in put-
ting theory to work. The manual is based
on the Philco-Ford Digital Computer
Fundamentals Laboratory Unit which
is being used in a number of schools and
colleges. A
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“PROGRAMMING™ SLIDE RULE
FOR RESONANCE PROBLEMS

By M.D. BERNARD, Jr.

A\TY standard slide rule having A,
B, and CI scales can be used to
set up the resonant-frequency formula,
and can even be “tuned” as if it were
an actual resonant circuit. Not only is
the method to be described quite rap-
idd, but it also demonstrates that slide
rules are simple analog computers
whose “program” can be changed as de-
scribed below. The point of resonance
is fixed by the 1/2= factor in the reso-
nance formula, which occurs at 1.592
on the D seale or squared at 2.53 on
the A scale. Marks can be scribed at
these points for resonant-frequency
problems.

To “program” the rule, first turn it
so that the side with the A and B scales
is facing the user. Next, remove the
slider from the rule, turn it over end-
for-end, and reinsert it into the rule.
The B scale will now be upside down
while the A scale remains right side
up. The A scalc is used for inductance
values ranging from 10 pH at the left
end, through 100 pH at the middle, to
1000 #I at the right end. The B scale
is used for capacitance ranging from
10 pF on the right, through 100 pF
at the middle, to 1000 pF at the left.
The Cl scale is used for frequency,
reading from 1 MHz at the left to 10
MIHz at the right end. This scale may
be on the back side of the A and B
scales.

To “tune” the rule, given L and C
values within these ranges, set the hair-
line to align these values with it. The
frequency then appears on the CI scale
at the resonant-frequency marks. For
instunce, suppose we have an induc-
tance of 20 «H and a capacitance of
79 pI. We set the hairline on 20 H
(A scale) and move the slider untit
79 pF (B scale) lines up with it. Then,
holding the slider fixed, we move the
hairline  to  the resonant-frequency
marks. In line with the hairline, on the
CI scale, is the resonant frequency of
4 MHz. Increasing capacitance to 365
pF (B scale) which is again lined up
with 20 #fl (A scale), shows up as
1.86 Milz on the frequency scale (CI)
at the point of resonance. In short, we
have “tuned” the rule Dy varying the
capacilance.

To change ranges, we remove or add
Zeros. Suppose a zero is removed from
the frequency scale; it then reads from
100 kHz to 1 MIlz This requires that
a pair of zeros be added to the induc-
tance and capacitance since the A and
B scales are squared values. One zero
can be added to each scale to make the
pair, or two zeros can be added to ei-
ther value alone. A
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“ FOR FIRE, POLICE, SECURITY, BUSINESS
AND INDUSTRIAL APPLICATIONS

SONAR VHF-FM TRANSCEIVER

5. (132-174 MH2)

“ % YOU ALWAYS GET THROUGH ...OPERATES ANYWHERE!
2 INDOORS, OUTDOORS, IN STEEL BUILDINGS

Mare performance and features than much higher

priced units. Engineered with space age techniques

and military type components for high reliability. i

{2 SOREER  T —

® Provides instant voice contact with base
stations, mobile units and other portable transceivers

e Compatible with all VHF narrow band systems

o Full frequency range for all public safety, industrial and
land transportation services

e Exclusive “‘Push-to-Talk"* microphone for easy to use action
e Electronic mode switching, no relays

® Receiver and transmitter can be operated on independent
frequencies

® External connections for antenna, earphone and battery charger
o Sensitive, noise immune squelch 337500
e Single or split channel operation
e 1.6 watt output with 1 pair of crystals
and penlite batteries

Sonar Radio c«:rporalic;n «1

73 Wortman Avenue, Brooklyn, N.Y. 11207 !

% i Please send information on Model 2301—the SONARCOM. §
4y t Dept. 669 3

3 Firm Name Title
?iggig.g and part 21 Rddress. Ll )
! - telephone use City State Zip 5
| SRS T TR R T S & & oo B

CIRCLE NO. 94 ON READER SERVICE CARD

Portablecomputer”
for electronics

WANT FAST ANSWERS to math and electronics prot?-
lems? Now, compute them in a flash with this
new Electronics Slide Rule. . )

Calculate resonant frequencies, solve inductive
or capacitive reactance problems, find reciprocals
for resistance formulas, locate decimal points—all
in just seconds, without pencil and paper. .

Whiz through regular math problems, too: multi-
plication, division, square roots, logarithms, even
trigonometric functions.

Sturdy 12-inch, all-metal slide rule comes com-
plete with handsome leather carrying cu_se—plus 4-
lesson instruction course. Deliberately priced low as
our way of making friends with electronics men.
FREE booklet gives full details. Mail coupon below
today.

Mail Coupon for FREE Booklet
Q Cleveland Institute of Electronics
c I E 1776 East 17th Street, Cleveland, Ohio 4414
Please send me, without charge or obligation, your book-
tet describing the Electronics Slide Rule and 4-lesson

instruction course. Also free if | act at once —a handy,
pocket-sized Electronics Data Guide.

M (Please Print)
Address
City State Zip

Accredited Member National Home Study Councit EW-153
A Leader in Electronics Training ... Since 1934 .

CIRCLE NO. 120 ON READER SERVICE CARD
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No woman should he allowed

to drive alone at night...

Sure as fate it's going to happen—the inevitable inconvenience
on the highway that cou/d turn into a nightmare for someone

close to you.

Unless, of course, her car is equipped with citizens two-way
radio to close the gap between auto and help /nstant/ly when

trouble occurs.

To more than & million American families, citzens two-way
radio already Fas become not only a marvelous everyday
convenience but a vital and irreplace-
able communications link. It can bring
asquad car, travel information, a friend-
ly voice or a loaf of bread with equal
facility. And for less than the cost of a

new set of tires.

mind?

ELECTRONIC INDUSTRIES ASSOCIATION
2001 Eye Street. M. W. Washington, D. C. 20006 Citizens Radio Service Section

...without citizens
two-way radio

Can you think of a better way to pro-
mote family togetherness or peace of

CIRCLE NO. 90 ON READER SERVICE CARD

=% ELECTRONICS

V.T.1. training leads to success
as technicians. field engineers,
specialists in communications.
guided missiles. computers. ra-
dar and automation. Basic &
advanced courses in theory &
laboratory. Electronic Engi-
neering Technology and Elec-
tronic  Technology curricula
both available. Assoc. degree in
29 mos. B. S. also obtainable.
G.I. approved. Graduates in all
branches ol electronics with
major companies.
tember. February. Dorms. cam-
pus  High school graduate or
equivalent. Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Yalparaiso, Indiana 46383
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Start Sep- |

i

CAR AND DRIVER YEARBOOK

The most exciting, most comprzhensive automotive
fact book available. A cemplete buyers guide for
domestic and imported models—road tests, acces-
sories, and performance equipment buying guide.
1968. .. .$1.5C. .. . #51
1967....%31.5C. .. #40

[} CAR AND DRIVER RACING ANNUAL

An almanac of competition information covering the
entire racing year. Feature stories of individual
races, personality wrap-up on top drivers, box
scores on every major event throughout the world
plus many dramatic photos.

1967. .. .$1.25. .. .#63

Order by number frem
Zitf-Davis Service Div., 595 Broadway = New York,
N.Y. 10012. Enclose add’'| 15¢ per zopy for ship-
ping and handling (50¢ for orders outside U.S.A.)

PAYMENT MUST BE ENCLOSED WITH ORDER

www.americanradiohistorv.com

Technician Engineering
(Continued from page 36)

Institution’s  1967,/68  sessions. Dr.
George E. Mueller, Associate Admin-
istrator for Mamned Space Flight at
NASA, visited London last October to
deliver a paper on “The Future of
Aamied Space Flight”. The Institu-
tion’s Journal carries technical material
of general interest, along with news of
Institution activities.

There are four categories of IEETE

membership:  Graduates;  Corporate
Members (Member and Associate
Member); Associates; and  Students.

Generally, the standard of technical
education required of Graduates and
Corporate Members is at the level of
the Higher Nutional Certificate in Elec-
trical, Electronic  Engineering.  The
prospectuses of a growing number of
educational  establishments list the
IELTLE qualifications wmong nationally
recognized distinctions, and employers
are beginning to specify them in their
advertisements for senior technical statf
appointments.

Formed at about the same time as
the IEETE, the Society of Electronic
and Rudio Technicians (SERT) pro-
vides qualifications and technical lec-
tures und services tor technicians, most-
ly in the television and radio service
engineering field.

What About the Future?

The wide-ranging discussions now
taking place on the whole span of tech-
nician engineering pinpoints the con-
cern of all toward securing an adequate
force of the all-important “middle-level
manpower”. There is at least an aware-
ness of the situation and a start is being
made on building for the future.

The Government-hased Haslegrave
Committee is now considering evidence
submitted by manv technician engi-
neering and other bodies on education-
al requirements; the report of the na-
tional Engineering Industry  Training
Board on the training of technician
engineers will be published in the
Autumn; and the Council of Engineer-
ing Institutions is now consulting in-
formally with a large number of tech-
nician engineering interests as to the
possibilites of establishing o national
qualification and title and a CIET kind
of organization for technician engineers
and technicians.

One thing seems sure: now that en-
gineering technicians in Britain’s elec-
trical and electronics industries are be-
ginning to have recognizable status as
qualified Technician Engineers wvith
attractive career prospects, there is a
much Dbetter chance of inducing young
people to embark upon a technician
engincering career than was the cuse
in 1965. A
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Winter 1968 ELECTRONIC
EXPER!MENTER’S HANDBOOK

Special 10th Anniversary Issue! You'll build such
valuable units as . a solid-state CD ignition
system . . . a sequence-operated lock . . . a metal
locator . . . a 70 watt per channel hi-fi amplifier

.. an IC binary counter . . . and Tesla's thermo-
magnetic motor! Each has complete schematics,
illustrations, parts lists and easy-to-follow instruc-
tions that guarantee you perfect finished products.

Spring 1967 ELECTRONIC
EXPERIMENTER'S HANDBOOK

Another big package containing 35 of the most
challenging, fun-to-build electronics projects ever!
Including . . a transistorized auto-light minder

.. a $2 intrusion alarm . . . a tape recorder echo
chamber for under $101) . . . a powerhouse 2-tube
SW receiver . . . a solid-state scope calibrator . . .
even a super-charged salt shaker! Be sure to order
this one today!

wledgeé..-
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B
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1968 TAPE RECORDER
ANNUAL

Now it's easy to be an authority on tape recording.
This fact-filled volume contains over 130 pages.
19 complete features, covering every aspect of the
recording. You get expert tips by the dozens, on
selecting the right equipment—creative taping—
editing——copying—on everything you want and need
to know. PLUS complete directories of machines
and accessories!

GET THE DELUXE
LEATHERFLEX-BOUND
EDITIONS FOR JUST
$3—POSTPAID!

These valuable an-
nuals are also avail
able in handsome DE-
LUXE EDITIONS. Each
volume is bound in
superb leatherflex—a
softly textured, gold-
embossed cover which
also provides rugged,
lasting protection.
They are truly collec-
tor's items . . . prized
additions to your elec-
tronics bookshelf. And
they're yours, for just
$3  each postpaid.
{Please allow three
additional wecks for
delivery.)

Profit e

1968 COMMUNICATIONS
HANDBOOK

For the ham, short wave listener, CB'er or business
radio operator . . . here’s 150 pages of "‘how to do
it—how to o it better’’ information. From choosing
your field . . . to learning the code . . . to getting
your license . . . to selecting your equipment . .
to setting up your own station . to winning
awards! Includes directories of the latest ham
and CB gear!

Please send me the annuals |'ve checked below:
{] Deluxe Edition, $3.00
("] Deluxe Edition, $3.00

[] Deluxe Edition. $3.00

print name

[] Winter 1968 Electronic Experimenter’s Handbook, $1.25
] Spring 1967 Electronic Experimenter's Handbook, $1.25

"] 1968 Electronics Installation & Servicing Handbook, $1.25

1968 STEREO/HI-FI
DIRECTORY

A giant 182-page buyer's guide to virtually every
new audio component on the market today. Over
1600 products in all! From amplifiers to complete
hi-fi systems to tape cartridge machines—all the
latest offerings from 176 manufacturers are fully
detailed and illustrated for your shop-at-home con
venience. Also includes valuable'‘what to look for
—how to buy’’ advice!

ONLY *1.25 EACH

1968 ELECTRONICS INSTALLATION
& SERVICING HANDBOOK

Now, get the tricks of the trade for servicing every-
thing. For TV, AM/FM, CB, PA, transistor radios,
stereo  hi-fi, home intercoms—even automotive
electronics—you'll find the fatest technigue advice,
equipment and parts information and step-by-step
“‘how to do it'’ hints. A 140-page '‘encyclopedia”’
that's a must for every serviceman and serious
hobbyist!

USE THIS COUPON TO ORDER YOUR COPIES TODAY!
ZIFF-DAVIS SERVICE DIVISION ® Dept. W ® 595 Broadway, New York, N.Y. 10012

] 1968 Stereo/Hi-Fi Directory, $1.25
{0 Deluxe Edition, $3.00

] 1968 Tape Recorder Annual, $1.25
[] Deluxe Edition, $3.00

1 1968 C.
{7 Deiuxe Edition, $3.00

In U.S.A., add 15c¢ for shipping and handling for each Regular Edition; Deluxe Editions are postpaid. Qutside
U.S.A., add 50c for each Regular Edition; 75c¢ for each Deluxe Edition. TOTAL ENCLOSED $

ications Handbook, $1.25

address

EW-73

city

PAYMENT MUST BE ENCLOSED WITH ORDER

state Zip code
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NEW PRODUCTS
& LITERATURE

pon on

Additional information on the items
covered in this section is available
[from the manufacturers. Each item
is tdentified by a code number. To
obtain further details, fill in cou-

the Reader Service Card.

COMPONENTS @ TOOLS ® TEST EQUIPMENT e HI-Fl @ AUDIO @ CB ® HAM e COMMUNICATIONS

CLOCK OSCILLATOR
The new CO-231 clock oscillator provides a
high-stability square-wave output to drive DTL

or TTL logic. Measuring 1.5" x 1.5” x 0.5",

the module is designed for PC board mounting
and operates from any voltage in the 5-32 V
d.c. range.

Stability is +0.0025% over the 0 to 70° C
temperature range. The Model CO-231-2 pro-
vides stability of +=0.005% over the —355 to
-+ 105° C temperature range. While the oscil-
lator is factory set to within 0.001% of the
specified frequency, both mechanical frequency
adjustment and voltage frequency control are
optionally available for even more precise setting.
Vectron

Circle No. 126 on Reader Service Card

QUICK CHARGE BATTERY

A new quick-charge nickel-cadmium battery
cell, which can be charged at two rates—1 honr
at 1 ampere or 3 hours at 0.4 ampere—is now
available. The battery is sclf-sustaining and the
quick-charge capability is built into the cell.
Sonotone

Circie No. 1 on Reader Service Card

BLISTER-PACKAGED COMPONENTS

A new line of 53 different blister-packaged
components, including many hard-to-find con-
vectors used by experimenters, audiophiles, CBers,
and hams, is now on the market.

Designed to be merchandised from rotating
racks, these self-service displays include a broad
spectrum of the firm’s most popular microphone
and electronic components. Each three-color pack
carries complete assembly information and detail-
ed step-by-step instructions on how the com-
ponent should be assembled and used. Am-
phenol Distributor

Circle No. 2 on Reader Service Card

WIREWOUND TRIMMER

A flat, 38" square wirewound trimmer de-
signed to meet the environmental requirements
of MIL-R-27208, is now on the market as the
Type 700. This RT-24 style unit features posi-
tive clutch action that insures against damage to
contact wiper and drive mechanism.

The high-temperature, diallyl-phthalate case
was especially designed to minimize the length
of the moisture seal which is a potential trouble
source in some models. The trimmer also has
molded-in PC pin terminals.

The Type 700 is available over a resistance
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range of 10 to 50,000 ohms, =5% tolcrance.
It is rated ¥4 watt at 85° C. Muld-wire silver
brazed terminations minimize the possibility of
shock or vibration damage. IRC

Circle No. 127 on Reader Service Card

300/75 OHM TV ANTENNAS

A new series of 300-ohm rooftop TV antennas
that can be converted for use with 75-ohm Color-
axial downleads has been developed.

Designated Paralog 300 Plus, the new antennas
can be converted by means of a new snap-on
transformer (Model STO-83) which is available
separately. The new antennas feature high front-
to-back ratios and sharper directivity to suppress
ghosts, according to the company. Flat response
of =1 dB per channel provides optimum color
fidelity. The new antenna comes in seven models
for metropolitan to deep fringe areas. Jerrold

Circle No. 3 on Reader Service Card

MATV EQUIPMENT

A new and complete line of v.h.f. and 82-
channel MATV equipment which includes 200
items has recently been introduced. The line
includes solid-state silicon transistor preamplifiers,
amplifiers, and converters; passive networks;
wall taps; and test equipment.

Complete catalogues covering specifications for
cach product, price lists, and systems planning
forms are available on request. Finney

Circle No. 4 on Reader Service Card

COMMERCIAL POTS
A new line of 10-turn precision pots has just
been introduced as the miniature 4100 Series.
The 7s-inch pots are capable of dissipating 2

watts at 40° C for 1000 hours and have a
mechanical life of over 200,000 revolutions.
Standard linearity is 0.25% and the standard
temperature coefficient of resistance over the
operating range of —55 to +125° Cis 70 ppm
maximum. Units have a standard resistance range
of 100 to 100,000 ohms. Amphenol Controls
Circle No. 128 on Reader Service Card

TRANSISTORIZED INVERTER

A compact, transistorized inverter which its
makers claim provides 100%, protection against
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reversed polarity and features automatic overload
protection is now available as the Model TI-250A.

Although the unit measures only 10”7 x 432"
x 7Y2" and weighs just 9 pounds, it produces
250 VA, 60 Hz, 117-volt a.c. from 12 volts d.c.
It is designed to be used to power portable TV
sets, radios, portable electric tools, CB equip-
ment, p.a. systems, and many appliances.

The instrument includes a “start” switch to
permit rapid starting for motors, light bulbs,
ctc., and an indicator light to show battery con-
dition, indicate shorts or overloads, and give a
low-charge warning. A remote-control console,
which duplicates the front-panel controls, is avail-
able for use with the inverter. It measures 24" x
4Y%" x 24" and comes complete with an 8-foot
cord. Electro Products

Circie No. 5 on Reader Service Card

SUBMINIATURE CAPACITORS

A new line of subininiature, polystyrenc capac-

itors has just been introduced as the Type SC.

Designed for tight spaces, the new capacitors
onanr o "

R

temperature range, according to their
maker. The new units are available from 5 pF
to 0.1 uF, and cover the voltage range from 25 to

wide

630 volts. Standard tolerances are =+20%,
+10%, £5%, *+2%%, and *=1%—or 0.5 pF
for the smaller units.

Dimensions of the new family of capacitors
arc as small as 0.1 inch diameter and 0.275 inch
long, making them suitable for high-density
packaging applications in industrial and consum-
er products. The outer foil of the capacitors
completely encloses the inner foil and the entire
assembly is encapsulated in a fused-polystyrene
enclosure. Either axial or printed-circuit leads
can be furnished, and special requirements such
as coatings and precision standards can be met on
request. Seacor

Circle No. 129 on Reader Service Card

TRANSIENT SUPPRESSOR

A solid-state transient suppressor that is capable
of protecting electrical and electronic equipment
from damage due to extreme voltage surges is
now on the market. These devices are capable of
providing as much as 20 kW of transient power
suppression. Typical ratings are 36 and 200 volts:
power capability as required. They are designed
for continuous power dissipation in excess of
500 watts and can dissipate up to 20 kW under
transient conditions. The units are small size and
operate instantaneously. IRC

Circle No. 130 on Reader Service Card

SINE/SQUARE RC OSCILLATOR

A new solid-state oscillator which provides sine
and square-wave functions from 4 Hz to 2 MHz
in six continuously variable ranges with simul-
taneous outputs, is now available as the Model
209A.

Each output has its own attenuator, continu-
ously adjustable over a 20 dB range. Output

ELECTRONICS WORLD
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voltage is at lcast 20 V p-p open circuit for square
wave and at least 10 V r.mus. open circuit for
sine wave. Sine-wave distortion is less than 0.1%.
Square waves are essentially transient-free with
risc and fall time of less than 50 ns. Frequency
calibration is better than £3%.

A uniquc feature of this instrument is that it
may be completely disassembled in two minutes
for maintenance. A single epoxy glass printed-
circuit board plugs into the vutput terminals on
the one-piece molded plastic front panel, and re-
quires only threc wiring connections. All test
points appear at the board's rear connector. The
range switch connects to the circuit board
through a “spider” mount which incorporates
all interconnecting conductors. The entire unit is
less than 7 inches high and weighs less than 7
pounds. Hewlett-Packard

Circle No. 6 on Reader Service Card

HIGH Q" INDUCTORS
Two lines of temperature-stable, high-Q in-
ductors designed for communications and mili-
tary applications have been introduced as the
PFL and PFM series.

Manufactured to MIL-T-27 grade 4 or 5,
type RX, the inductors are specially suited to
printed-circuit  board applications. The PFL
series—available in 8 types—includes 329 in-
dividual inductors which cover the frequency
spectrum of 10 Hz to 500 kHz with an in-
ductance range of 1 mH to 30 H and a “Q”
range of 300 to 700. The PFM series—offered in
7 types—has 309 individual inductors which
cover the spectrum from 50 kHz to 2 MHz with
an inductance range 15 «H to 100 mH and a
“Q" range 100-700. Both types can be supplied
with taps and/or scparate windings. Freed
Transformer

Circle No. 131 on Reader Service Card

EDGEWISE PANEL METERS

A new 3%2" cedgewise panel meter series that
is designed to take up a minimum of instrument
panel space yet provide the user with the per-
formance of a conventional 3%2” meter is now
on the market.

The 320-E series features the company’s self-
shielded movement which allows meter stacking
for maximum instrumentation in a minimum

amount of space. Each unit is equipped with an
anti-parallax black arrowhead-type pointer to
minimize reading error.

The series can be prov.ded as a d.c. valtmeter.
millivoltmeter, ammeter, d.c. milliammeter, and
d.c. microammeter with appropriate scales. The
AC, Model 330-E is available in voltmeter, am-
meter, and milliammeter versions while the RF,
Model 340-E comes in ammeter and milliam-
meter types. Triplett

Circle No. 7 on Reader Service Card

POWER SUPPLY

The new Model 2020 power supply combines
the functions of a precision calibrator and a lab-
oratory power supply at a fraction of the cost
of equivalent instrumentation, according to its
maker.

Output range of the Model 2020 is 0-20 volts
d.c. at 0-2 A with a calibration accuracy of 0.1%
~-100 4V of the output voltage. Front-panel dual
concentric dials and a vernier potentiometer pro-
vide digital readout to four places with a contin-
uously adjustable fifth place. A toggle switch in
the 10-20 volt range provides an effective sixth
place readout. The resolution of the vernier con-
trol is better than 10 xV.

The unit features a self-indicating output cur-
rent limit control, remote programming, and
remote sensing. Power Designs

Circle No. 8 on Reader Service Card

ELECTRONIC IGNITION SYSTEMS

A solid-state ignition system for 12-velt cars
(and boats) is now available as an inexpensive,
easy-to-assemble kit.

The “Knight-Kit” KG-372 capacitive discharge
ignition system uses SCR switching to provide
many times the energy of conventional systems,
according to the company. With the system, the
company claims a 20% increase in gasoline mil-
eage, 3 to 10 times longer sparkplug life, instant
starts in all weather, and a 60-80% reduction in
ignition maintenance.

The system will operate from positive- or
ncgative-ground 12-volt batteries, generator, or
alternator. Triggering is handled by ignition

Now...
low cost

Ulgrasonic

Area Protection

Euphonics Intrusion Alarm

This new, simplified Intrusion Alarm
invisible ultrasonic
beam which will cover and protect any
desired area. Any person moving within
its range will trigger it immediately.

System projects an

The Euphonics A-1 Intrusion Alarm is the
ideal, low cost protector of homes, apart-
ments, offices, stores and thousands of 1
commercial / industrial establishments.
Write for details and prices. Also available: AN-1 Annun-

ciator; MA-2 (12 VDC) marine model,

5[/)/)0”/.03 MARKETING pept. £w.7

202 Park Street « Miami Springs, Florida 33166
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ARE YOU CASHING-IN %
ON THE PROFITABLE ¢
2-WAY RADIO SERVICE BUSINESS ?

% Motorola will train you for this rewarding, elite profession

% Send for our FREE EVALUATION EXAM, Prove to yourself that
you are ready to learn FM 2-way radio servicing.

Opportunities in 2-way radio servicing are virtually unlimited,
B Just one of the hundreds of successful Motorola Service
Stations writes, ‘‘we would be pleased to interview any graduate
of your school that has received some training in 2-way radic
maintenance. We are an established firm, 10 years old, with
a promise of expansion governed by our ability to obtain com-
petent technicians.'”” B Get all the facts today. There is no
obligation and no salesman will call

MOTOROLA TRAINING INSTITUTE

4545 West Augusta Blvd. o Chicago 51, lllinois « Dept. AEW 821

[1Send me FREE entrance exam.
[ Send fuil details on Home Study Course on FM 2-way Radio

J.C

| R

%
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Servicing. :
[] Send me details on how you can help me prepare for an FCC
License.
I Name. Occupation
Address
City Ione. State
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points or other suitable source. The system can
be installed in ahout 10 minutes with no rewiring
or removal of the original system required. Al-
Lied Radio

Circle No. 9 on Reader Service Card

U.H.F, ADD-ON ANTENNA KITS
To meet the demand created by new u.l.f.
stations going on the air, three new w.h.f. an-
tenna Add-On kits have just been introduced.
Each of the three kits contains a u.v.f. antenna,
a uhf. /v.hf. antenna coupler to combine the two
antennas into the existing downlead, two lengths
of twinlead cut to correct length and with con-
nectors attached, two snap-on stand-off insulators,
an indoor uh.f.; v.hf./FM adapter, and casy-to-
follow installation instructions. The Model CR-
5AK kit uscs a 13-element corner retlector, the J-
1AK kit uses a 7-element u.h.f. yagi, while the
J-3AK kit uses a 20-clement u.h.f. yagi. Gavin
Instruments
Circle No. 10 on Reader Service Card

HI-FI—AUDIO PRGDUCTS

PORTABLE CASSETTE RECORDER

A mono cassette tape recorder for portable
applications has been introduced as the Model
214. The unit comes complete with a dynamic
remote-control microphone, leather-type carrying
case, shoulder strap with pad. accessory pouch,
recording patcheord with insulated alligator clips,
cdynamic earphone, a one-hour blank cassette, and

a transistorized filtered a.c. adapter.
The unit includes automatic record level con-

trol, a pop-up cassette ejector, record level meter
and battery condition indicator, and a large
speaker. The Model 210 will handle all size
Philips-type cassettes. Concertone

Circle No. 11 on Reader Service Card

SPEAKER SYSTEM

The CS-88 three-way bookshelf speaker has
five speakers: a 12”7 woofer, a mid-range, and
three tweeters. The specially designed woofer has
an exceptionally thick cone to provide mechanical
strength and avoid breakup at high-level outputs
while the edges are specially processed for high
compliance. The woofer is designed to deliver
sound reproduction down to 25 11z, Damping
has been designed so that there is virtually no dis-
tortion cven at high signal levels, according to the
company. The mid-range is a 3-inch unit while
the tweeters include two cone-type and one ex-
ponential horn.
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The walnut cabinet is of infinite-balle design
and has a lattice wood grille. The enclosure is
compact cnough to be placed on a bookshelf and
can be used in vertical or horizontal positions.

Crossovers are at 800 and 4000 Hz. Response is
virtually flat from 235 to 20,000 Hz. according to
the company. There are separate tone controls
for high and mid-range frequencies, with cach
control having three positions: normal, increase,
and decrease. Pioncer

Circle No. 12 on Reader Service Card

SOLID-STATE STEREO RECEIVER
The Model 36-220 is a compact, solid-state,
AM-FM-sterco receiver featuring slide-rule tun-
ing, a.f.c., stereco indicator, and provision for
including a record changer, auxiliary input, and
headphones. The receiver is housed in a walnut
finished wood cabinet with illuminated brushed
aluminum panel. Matching speakers housed in
oiled walnut cabinets are available as Model 67-
010. Claricon
Circle No. 13 on Reader Service Card

FM TUNER
The Model $-3300 FM stereo tuner incorpo-
rates silicon monolithic microcircuits in its i.f.
preamplifier and in the new FM limiter/ detector
section. According to the company, FM distortion
is reduced to 0.15% at 100% modulation. The

design also offers improved noise rejection and
better reception under difficult multipath FM
signal conditions.

FET's are used in both the r.f. and mixer stages
to suppress spurious responses in strong signal

arcas, Performance  specifications are 1.8 pV
(I11F) FM sensitivity, 2 dB capture ratio, 55 dB
AM rejection, and —95 dB FM crossmodula-
tion rejection. The tuner also features noise-
threshold-gated  automatic  FM-stereo/mono
switching, a d'Arsonval zero-center tuning me-
ter, interchannel hush, and a stereo-noise filter
which does not affect frequency response. Sher-
wood
Circle No. 14 on Reader Service Card

STEREO SPEAKER SYSTEM

A new speaker system, Model 901, offers a
number of performance features which are unique.
The speaker radiates 11% of sound directly and
89% indirectly by reflection at optimum angles
from the rear wall to simulate the spatial charac-
teristics and the fullness of sound in a concert
hall.

A solid-state active equalizer is supplicd, con-
taining over 100 components to precisely control
the frequency response over the entire audible
range, Front-panel controls enable the listener
10 exercise his options in compensating for re-
cording techniques and room characteristics. Nine
specially designed. high-compliance, long-excur-
sion speakers are acoustically coupled 10 render
individual resonances inaudible and preserve the
natural sound of the musical instruments. The
stereo channels are acoustically balanced. Each
speaker measures 12347 high x 20%” wide x
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127%" deep. The units are marketed in pairs with
the active equalizer. Bose
Circle No. 15 on Reader Service Card

ORCHESTRA BELLS

A new deluxe orchestra bell that is designed to
be operated from any organ keyboard through
additional key contacts is on the market. The
thirty tuned bars range from G above middle C
to top C and add sparkle and rhythm to all kinds
of music, according to their maker.

The 1215”7 x 26" x 3" oiled-walnut case
can be located up to 20 feet from the console.
All necessary cable, contacts, and installation in-
structions are included. Artisan Organs

Circle No. 16 on Reader Service Card

NEW CASSETTE TAPE

A new slow-specd, low-noise, audio-range
magnetic tape has just been developed for the
cassctte market. According to the company. the
tape has an extended frequency response and d.v-
namic range and an exccllent signal-to-noise
ratio.

The tape is being supplied to a nnmber of the
major tape duplicators and will be offered on the
consumer market under the firm’s American
brand label. Greentree

Circle No. 17 on Reader Service Card

FM-STEREO RECEIVER SYSTEM

The Model STA-12 AM-FM stereo receiver
has two acoustically matched bookshelf speakers
{or full stereo listening facilities. Input jacks have
been provided for casy hook up to a record/play
sterco deck or an accessory record changer.

The clectronics is all solid-state and includes a
large antenna and a professionally tined circuit
for excellent reception in fringe arcas, according
to the company. Special features include an ex-
clusive sterco indicator system for pinpoint tuning
accuracy: automatic frequency control lock-in
tuning: stereo balance, treble, and bass tone con-
trols: and a five-position mode sclector for AM,
FM, FM-stereo, phono, or tape. Response is 40-
15,000 Hz with sterco reception better than 253
dB at | kHz. Power output is 10 watts and sen-
sitivity is better than 40 microvolts.

The system is housed in dark grained teak
cabinet measuring 147%" wide x 4%4” high x
10°5” deep. The two matching speakers that are
supplied each measure 778" x 92" x 434" deep.
Concord

Circle No. 18 on Reader Service Card

SPEAKER SYSTEMS

Five new fine-furniture speaker systems have
just been introduced to mect the requirements of
a wide range of hi-fi installations.

The TE-3B system incorporates four speakers
in a 3-way bookshelf ¢nclosure and covers the
fiequency range 23-20,000 Hz. Power rating is
25 waits. The slim-line TF-4A has five speakers
in a 4-way system housed in a cabinet only 8%4"
deep. Frequency and power ratings are the same
ac the TF-3B. The PR-200A is a 3-way, three-
speaker bookshelf system with a power rating of
35 watts and a frequency range of 23-20,000 Hz.
The PR-300A is a high-boy,low-boy system
which offers three speakers in a 3-way system
to cover the range of 20-20,000 Hz. The custom
console, PR-400A. is a three-speaker, 3-way
system covering 20-20,000 Hz with crossovers
at 1000 and 3000 Hz. Power rating is 4 watts,
Jensen

Circle No. 19 on Reader Service Card

LOW-COST FM-STEREO RECEIVER

The 160-T FM-sterco receiver features the
company’s exclusive Tunc-O-Matic push  but-
ton tuning with five separate FM dials, incorpor-
ates advanced solid-state circuitry, and has full
complement of controls and switches for tape
and phono.

The 40-watt recciver permits each of the five
FM dials to be preset to a favorite FM station
and thereafter it can be selected instantly at the
press of a button. Diode wining, coupled with
a.f.c., electronically locks in the desired station.
The company’s exclusive “Sterco Beacon” auto-
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matically signals the presence of stereo, switches
to the stereo mode, and back again to mono.
Fisher

Circle No. 20 on Reader Service Card

TAPE CASSETTE

A new tape cassette that delivers a full 20
minutes of recording and playback time is now
available as the C-90. Rcleased in response to
customer demand for longer recording and play-
back time in their Sony cassette recorders, the
C-90 offers 30 more minutes of recording/play-
back time than the previously announced C-60.
Superscope

Circle No. 21 on Reader Service Card

120-WATT STEREO RECEIVER

The RX200 AM-FM-sterco receiver has a rated
output of 120 watts (IHF) at 4 ohms. The unit
features all-silicon, solid-state design; push-button
selector switches; flywheel tuning; FET's; illum-
inated AM-FM tuning meter; and automatic
“Sterco-Minder™ signaling and switching.

Frequency response is broad and flat, ranging
from 10 to 35,000 Hz, =1 dB. Harmonic distor-

R

Go ahead.
Put all you've

gotintoit.

Our Standard 651 AH and Deluxe 650A
(shown here) cardioid mikes have 40-years

worth of experience in making audio equipment

for the recording and broadcast fields built

into them. Step up to them at an Altec Dealer
and see how little it costs for a mike that can take
all you've got. (Model 650A $75. Model 651 AH $62.50) ’

For free literature on our microphones
and musical instrument speakers, write
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tior: is $.8% at full output. At 100 watts or below,
harmonic distortion is less than 0.2% and IM
distortion is less than 0.3%.

The power amplifier section couples directly
to loudspeakers for reduced low-frequency phase
shift, improved stability, and solid bass response.
The receiver is short-circuit-proof and retains its
published specifications even when operated into
a 2-ohm Joad. Bogen

Circle No. 22 on Reader Service Card

LOUDSPEAKER SYSTEM

The new *“Brookfield” speaker system is an
acoustic suspension bookshelf type which incor-
porates a high-flux dome tweeter which responds
to frequencies beyond 20,000 Hz, but can still
work effectively down to 1000 Hz; a specially
designed 54" driver which works in conjunction
with the tweeter and has extended performance
down to the upper bass region; and a 10" bass
speaker which will handle frequencics down to
30 Hz.

Over-all response is 30-20,000 Hz +3 dB in
an average listening room. Power requirements
are 10 watts minimum, 60 watts maximum. The
system is housed in a cabinet 25” high x 14%2”
wide x 1174” deep. A three-position treble
switch is included on the rear panel for matching
to room acoustics. The grille cloth frame is re-
movable so that the grille cloth can be changed
to match room decor. ADC

Circle No. 23 on Reader Service Card

AM-FM-STEREO RECEIVER

The SX-1500T AM-FM-stereo receiver is rated
at 170 watts, has an FET front-end and four IC's
in the i.f. section. FM sensitivity is 1.7 xV (IHF),
capture ratio is 1 dB at 98 MHz, and over-all
frequency response is 20-70,000 Hz =1 dB.
Signal-to-noise ratio is 65 dB (IHF) and har-
monic distortion is measured at less than
0.1% (at 1000 Hz at 30 watts, and into an
8-ohm load.)

A tuning meter indicates maximum signal

strength, an automatic stereo indicater shows
when FM-stereo programs are being received, and
a headphone jack is provided. The frent panel
is brushed gold with a dark background and
lighted slide-rule markings. Pioneer

Circle No. 24 on Reader Service Card

CB-HAM-COMMUNICATIONS

HAND-HELD RADIOTELEPHONIE

The DPI5 is a waterproof, hand-held, two-
way radiotelephone which weighs only 36 ounces,
including its rechargeable battery. It is fully com-
patible with all FM land mobile and marine radio
systems. The unit contains a fully selid-state
transmitter and receiver and has been type ac-
cepted under FCC rules Parts 21, 81, 91, and 93
for industrial transportation, public safety, and
common carrier use.

The unit is available in various madels for
operation on one to five channels and in the 30-
50 MHz and 132-174 MHz bands, employing
narrow-band or wide-band FM. Transmitter
power output is 2.2 watts, receiver sensitivity is
better than 0.35 uV for 12 dB SINAD and adja-
cent-channel selectivity is better than — 80 dB for
20 dB quieting. Kaar

Circle No. 25 on Reader Service Card

FM TWO-WAY RADIOS
A new FM two-way radio has been announced.
It incorporates a unique building-block approach
to transceiver design since the basie 7-watt radio

Durable all metal construction with satin-chrome
finish. Personal carrying case included with

both models. Dynamic moving coil design and
Mylar® diaphragm assure excellent frequency
response (50-15,000 Hz). Average front-to-back
discrimination of 20 dB (15 dB8 on Standard medel:,

_.—-Cardioid pick-up pattern reduces
-=7"7 feedback and background noises.

Spherical screen filters out
wind, breath and ‘pop’ sounds.

Easily operated on/off switch
with lock-on cover plate.

Snap-in, snap-out stand adapter

l

g _Iams/mp//ﬁes hand-held use.
™ |
i | /

CIRCLE NO. 124 ON READER SERVICE CARD

www.americanradiohistorv.com

A Divis'on of .75717 Ling-Altec, Inc.
1515 S0. Manchester Ave.
Anaheim, Calif, 92803

Ready to use, with standard phone
plug and 15" of shielded cable.
! Deluxe model is dual impedance with

! Cannon plug for standard studio cables.

Bass roll-off switch
(Deluxe model only) for \
maximum yoice clarity and

projection of sound. Reduces

feedback and boominess when

used up close. Gives greater
flexibility for use with |

voice or instrument. |
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can be adapted to mobile or base-station use or
boosted in power to 60 watts, thus providing a
complete line of transceivers.

In addition, the basic transceiver is transis-
torized, throughout and measures only 2%”
high x 8” wide x 11” deep and weighs 8 pounds.
The unit operates in the 150-174 MHz service
and is designed for Public Safety as well as Bus-
iness and Special Industrial frequencies. It is
cempletely compatible with existing FM systems,
including tone squelch, and requires no modifica-
tion if used in conjunction with other transceivers.

Bulletin 450028 which provides complete infor-
mation on this new line is available on request.
E. F. Johnson
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DUAL-OPERATION CB UNIT

The Model A-2567 two-way radio for Citizens
Band service features built-in solid-state power
supplies for both 12-volt d.c. mobile and 117-
volt a.c. base-station use. A frequency synthesis
citcuit permits crystal-controlled transmit and re-
ceive operation of all 23 channels. Is is only nec-
essary to turn the selector knob to any desired
channel. Illuminated numerals show the channel
in use. All crystals are included.

The S-watt transmitter offers 100%% modula-
tion. A switchable range-expander boosts talk
power to increase transmitter range. The pi-net-
work output matches any CB antenna. A special
s.w.r. bridge cricuit permits measurement of s.w.r.
for optimum antenna tuning.

The transceiver measures 7%2” high x 1334”
wide x 5%2” deep. It comes with all crystals, a.c.
and d.c. power cords, noise-cancelling push-to-
talk mike with coiled cord, and universal mobile
mounting clips. Allied Radio
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23-CHANNEL TRANSCEIVER

The new “Royale” 23-channel CB transceiver
features a new Clevite computer-designed hybrid
ceramic filter which provides excellent selectivity
and high stopband rejection, according to the
company.

The transceiver has hand-wired, hand-soldered
circuitry, tubes instead of transistors (including
a nuvistor), and a large chassis to dissipate the
heat generated in the overpowered transformer.

The unit incorporates an exclusive range ex-
pand/speech compressor and a modulation sam-
pler which boosts or cuts the signal to the proper
audio level. Also featured are a standby switch,
p.a. system, triple-duty meter, variable noise lim-
iter, tone control, squelch control, receive and
transmit indicators, noise-cancelling microphone,
and built-in 12-volt transistorized power supply
for mobile operation. Courier
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MANUFACTURERS’ LITERATURE

TOOLS FOR ELECTRONICS

Catalogue No. 150 pictures and describes an
extensive line of precision tools for electronics,
telephone, and communications uses. Over 500
spring adjusters, gages, burnishers, and miscel-
laneous precision hand tools are listed. Details
are also included on the firm’s custom facilities
for producing hand tools to a manufacturer’s re-
quirements. Jonard
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HYBRID IC’s

A 4-page brochure entitled “A Designer’s
Guide to Hybrid Microciruits” has been published
containing a comparison between hybrid and
monolithic IC’s, a description of the techniques
used to translate a customer’s circuit requirements
into a breadboard, a description of production
processes and controls, and helpful hints on de-
signing and ordering hybrid IC’s. Crystalonics
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FILTER DESIGN MANUAL
A 12-page filter design manual which provides
important engineering data and an in-depth de-
scription of many of the low-, high-, and band-
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pass filters used in the electronics industry, is
now available for distribution.

In easy-to-read two-page spreads, the booklet
illustrates typical filters and includes feasibility
curves which permit the designer to quickly lo-
cate the best design for his particular require-
ments. In addition, normalized frequency-attenu-
ation curves are presented for both single-section
and double-section filters. Nytronics Burnell
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ZENER DIODE DATA

A comparison guide to assist the circuit de-
signer in the selection of zener diodes and tem-
perature-compensated reference elements is now
being offered without charge.

All major series of EIA-registered zener diodes
are listed by power dissipation and zener voltage.
In addition, test current, zener impedance, zener
voltage tolerance, and package dimensions are
given for each zener. All major series of EIA-
registered temperature-compensated reference ele-
ments are listed by zencr voltage and/or power
dissipation.

This information is contained in a convenient
four-page foldout that is punched to fit a three-
ring binder. Semcor
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COMPONENT SELECTOR

A completely revised and updated 1968-69
edition of the company’s Component Selector is
now available. It describes and catalogues the en-
tire product line including capacitors, filters, and
relays. Every standard stock item listed in the cat
alogue is available from the firm’s industrial dis-
tributors.

The 120-page book includes application charts,
type selector charts, and standard rating tables
arranged to guide the designer/purchaser to easy
selection of the proper device and rating. Cornell-
Dubilier
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SWITCH CATALOGUE

A 28-page switch catalogue, #E, providing
descriptions, specifications, and illustrations of
toggle, slide, push, rotary, trigger, and tippette
switches for appliance, aircraft, automotive, elec-
tronics, marine, military, motor control, and
special applications is now available.

In addition to electrical specifications for each
type, the switch is illustrated and its dimensions
presented to facilitate selection. Carling
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INDICATOR LIGHT HANDBOOK

A new 32-page catalogue of indicator lights,
compiled in the form of an engineering hand-
book, is now available as Catalogue L-68.

The publication features photographs, line
drawings, and detailed specifications on over 60
different indicator lights, ranging in size from 1”
diameter heavy-duty types to microminiature
neon EMI-suppressed designs. A lamp selection
guide contains information necessary for finding
the right indicator assembly for any application.
Marco-Oak
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RF1 FILTERS

A complete line of filters and components for
suppressing radio frequency interference is
pictured and described in a new 24-page cata-
logue, No. P-68. Included are performance curves
and complete engincering and mechanical specs.
Hundreds of different power-line filters, com-
munications and signal-line filters, and filtered,
shielded circuit breakers used in military, aero-
space, testing and research laboratories, and hos-
pitals are covered. Filtron
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AUDIO CONNECTOR LINE
Catalogue # C502a describing a broad and
complete line of audio connectors is now avail-
able. Included are specifications, detailed draw-
ings, and application hints for single-and
multiple-conductor connectors, microphone con-
nectors, miniature and slim-line connectors as
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well as a.c. receptacles and phone jacks. Switch-
craft
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TEST EQUIPMENT CATALOGUE

Insulation test equipment, electronic test and
measuring instruments, high-voltage power sup-
plies, and automatic component testers are com-
prehensively covered in a new 40-page catalogue,
No. 31. Technical data, complete specifications,
and photographs are supplied on a wide range
of electrical/electronic test equipment in the
company’s line. Beckman Instruments
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INTEGRATED CIRCUIT DATA

Engineering Bulletin No. 25700A contains
complete information on the SE8000 and NE-
8000 Series of high-speed, low-power DTL/TTL
integrated-circuits. The 44-page publication con-
tains schematic diagrams for each series, plus
complete electrical characteristics in tabular form
for easy interpretation. Performance curves are
supplied in the areas of pair delay, turn-on and
turn-off delays, switching and holding levels,
and toggle rates. Sprague

Circle No. 140 on Reader Service Card

TEST INSTRUMENTS

A new 12-page, two-color catalogue, fully
illustrated and detailed with electrical and me-
chanical characteristics of the newest and most
popular portable electrical and electronic test in-
struments in the company’s line, is now available.

Catalogue 52-T describes an extensive v.o.m.
line, ranging from a hand-held unit to a high-
impedance instrument with FET amplification. A
handy and comprehensive v.o.m. comparison
chart is also included to aid in selection of the
correct instrument for the job. Triplett
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TRANSISTOR CATALOGUE

A 40-page, 3-color condensed catalogue cov-
ering the company’s line of silicon and germa-
nium small-signal and power transistors for use
in military, industrial, and commercial applica-
tions is now available for distribution.

Each family of transistors is presented in a
separate section and includes typical e, Vie
avs and Vegagar curves, along with specifica-
tion charts, outline dimension drawings, and
actual size photos of the standard cases. Brief
suggested application uses are included through-
out the catalogue. Solitron
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INDUSTRIAL LAMP CATALOGUE
A new condensed catalogue containing detailed
descriptions of popular lamp types for industrial
applications is now available as # CMD-2.
Included in the catalogue is information re-
lating to standard industrial lamps, miniature,
thin line, and line filament lamps, neon glow
lamps, and telephone slide lamps. All lamps are
listed in numerical order to facilitate locating a
specific lamp type. Each listing indicates design
voltage, current, mean spherical candlepower,
base type, bulb type, filament type, average life,
maximum diameter, and length. Chicago Minia-
ture Lamp
Circle No. 32 on Reader Service Card

SOLID-STATE POWER SUPPLIES

A 4-page data sheet which describes the cur-
rent line of solid-state power supplies has been
issued. The new publication includes descriptive
material on militarized modular supplies, wide-
range modules, inverters and frequency changers,
solid-state a. c. regulators, over-voltage protectors,
laboratory supplies, and other types of units.
Catalogue 150A will be forwarded on request.
Electronic Research
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MUSICAL-INSTRUMENT SPEAKERS
A six-page data sheet covering the power ca-
pacity of the firm’ musical instrument loud-
speakers is now available. In layman’s language
and in considerable detail, the booklet explains

ELECTRONICS WORLD
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various important points involved in sclecting
and choosing a speaker for instrument applica-
tions. Four of the firm’s spcakers designed spe-
cifically for such applications arc pictured and
described briefly. JBL
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DATA FOR DESIGNERS

A new technical reference tool addressed to
consumer/ industrial /military designers who need
comprehensive information about using silicon
power transistors in switch and amplifier designs
is now available.

The more-than-120-page, 65-circuit edition is
one of a new series of publications which are in-
tended to save the engineer designing time. It
is highlighted by easy-to-understand “how to do
it” topics such as using direct coupling to elimi-
nate amplifier transformers, outguessing thc
cffects of damaging secondary breakdown tran-
sients, square waveforms and intermittent pulses,
etc. Motorola Semiconductor
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HEAT-SINK CATALOGUE

A new 4-page data sheet has been issued show-
ing 24 different low-cost semiconductor heat
sinks. Included in the publication are dissipation
data, dimensions, and weight of all models, in-
cluding eight new types. All of the models illus-
trated and described are available for off-the-
shelf delivery. Accel
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ELECTRONIC COMPONENTS
A 25-page, short-form catalogue listing an
extensive line of electronic components is now
available on request. The book covers such major
product categories as jacks, plugs, switches, con-
nectors, indicating devices, and audio accessories.
The information indicated is condensed and
the clectronic components illustrated and de-
scribed are items available for inumediate delivery

from the firm’s industrial distributors.

The catalogue includes numerous electronic
components for application with analog and dig-
ital computers, analyzers, transmitters, receivers,
intercoms, numerical control, ground support
systems, scientific instruments, home entertain-

ment systems, and various home appliances.

Switchcraft
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ELECTROMECHANICAL COMPONENTS

A new, fully illustrated catalogue of electro-
mechanical components and equipment has just
been published and is now available for distribu-
tion.

The 100-page catalogue lists components of
all major manufacturers and features such itcms
as accelerometers, counters, meters, motors, pre-
cision pots, selsyns, servomotors, test equipment,
and timers. Special complete sections are devoted
to relays, pressure transducers, and gyros.

Hlustrated with photos, diagrams, and draw-
ings, the catalogue will be forwarded on request.
American Relays
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ALUMINUM TRANSMISSION LINE

A comprehensive catalogue describing bare
aluminunt transmission conductor, said to be one
of the most complete publications of its kind in
the clectrical power utility industry, has been
issued.

Physical properties and electrical characteris-
tics covering four major types of bare aluminum
transmission cqnductor are offcred in the cata-
logue as well as a section containing packaging
information. The directory includes photos illus-
trating wire drawing, cable stranding, product
application, manufacturing, and inspection pro-
cedures, General Cable
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POTS AND RESISTORS
A new 32-page illustrated catalogue of poten-
tiometers, field-assembled controls, power rheo-

Zenith Tubes...

stats, and resistors s available for
distribution

This full-line catalogue includes photographs,
engineering drawings, and descriptions of field-
assembled  controls, sound-system  attenuators,
theater-speaker controls, precision decade boxes,
shafts, bushings, rotary selector switches, and
high-voltage couplers. Complete technical speci-
fications and dimensional information are in-
cluded.

A special section describing military-qualified
pots, including a complete listing of off-the-shelf
types as well as ordering information for these,
is also provided. Clarostat
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life-tested for greater dependability!

Exciting Surprises
for You—
and Your Family!
Fun for all!
Get the details
at your Zenith
Distributor’s
Parts Department.

s ZENITH TV PICTURE TUBES are
& rigorously tested at elevated line
voltages for lengthy periods
Zenith’'s great reliability and long

life satisfies your customers better.
There are more than 200 Zenith
quality tubes for color TV, black
| E | and-white TV, or special purposes

ZENITH “ROYAL CREST” CIRCUIT
TUBES undergo over 1%z million
hours ot life-testing every month
; You can count on them for the
same unrivaled dependability as
Zenith original parts. Choose from
a full line of over 900 tubes.

Zenith B&W replacement picture
tubes are made only from new parts
and materials except for the glass
envelope in some tubes which. prior
to reuse, Is inspected and tested to
the same high standard as a new
envelope. Some color picture tubes
contatn used material which prior to
reuse, is carefully inspected to meet
Zenith's high quality standards.

Order genuine Zenith tubes from your Zenith distributor
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- MARKET PLACE

COMMERCIAL RATE: For firms or individuals offering commercial products or services. 70¢ per word (ncluding 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%

tor 12 months paid in advance.

READER RATE: For individuals with a personal item to buy or sell.

company copy.

40¢ per word (including name and address). No Minimum Payment must ac-

GENERAL INFCRMATION: 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: 1st of the 2nd preceding month (for example, March issue closes January 1lst). Send order

and remittance to: Hal Cymes, ELECTRONICS WORLD, One Park Avenue, New York, New York 10016

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, |ll. 60656.

GCVERNMENT Surplus Receivers, Transmitters,
Snooperscopes, Radios, Parts, Picture Catalog
25¢. Meshna, Nahant, Mass. 01908.

METERS —Surplus, new, used, panel and port-
able. Send for list. Hanchett, Box 5577, River-
side, Calif. 92507.

INVESTIGATORS, FREE BROCHURE, LATEST
SUBMINIATURE ELECTRONIC SURVEILLANCE
EQUIPMENT. ACE ELECTRONICS, 11500-J NW
7TH AVE., MIAMI, FLA. 33168.

CONVERT any television to sensitive big-screen
oscilloscope. Only minor changes required. No
electronic experience necessary. Illustrated
plans, $2.00. Relco-A22, Box 10563, Houston,
Texas 77018.

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.

U.5. GOV'T ELECTRONIC EURPLUS

o Nationally Known-World Famous SURPLUS CENTER offers
finest, most expensive, Government Surplus electronic umits and
components at a fraction of their original acquisition cost.

ORDER DIRECT FROM AD or WRITE FOR CATALOGS

STANDARD DIAL TELEPHONE

® ({TEM #715) - - Standard,
toleplume same s used throughout U S, L. Attracs
tive polished hlack, hike new condition. 156 ay
extensjon phole 10 privale Systens oF connect
seu Tl )um w togethsi iz bical intercom svs-
hlm(llml\ are fumished. Wi, 9 Ibs
01|l|l|al l lisl $24

STEP-BY-STEP AUTOMATIC SWITCH

= (ITEM 4738 ) - - amazing “‘up-and-around’’,
eléciro-magnetic telcphune swiich. Dial any hunk
air from 1 (o 100, Make your own telephone System.
‘an also be used t+ remotely control up w 106 cure
Culls vver A single paic of wires,
# Onc of our FOUR S11R bargams. Comes cnme
pltr pith data, one dial und one line bunk. Stzt
37T 157 8t 16 lbs.
1omplvu- Swtch, cover,
diat. line bank, mstructions.

commercal

Cost Goy't Ov ey 577 00

ron.$0.95 T &

TYPICAL BUYS FROM OUR 1968 CATALOGS

$ 350.00 - Geared 2-hp Battery Golf Car Motor ... . $26.95
$ 15.00 - Westinghouse DC Ammeter, 0 to 300 .. .$7n
$ 40,00 - Yacuum/Pressure Pump, 12-¥DC .,
- B0-MW Walkie-Talkies Per Pair ...,

MUSIC LOVERS, CONTINUOUS, UNINTER-
RUPTED BACKGROUND MUSIC FROM YOUR
FM RADIO, USING NEW INEXPENSIVE ADAPT-
ER. FREE LITERATURE, ELECTRONICS, 11500-Z
NW 7th AVE., MIAMI, FLORIDA 33168.

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.

CRYSTALS largest 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.

TREASURE HUNTERS! Prospectors! Relco's new
instruments detect buried gold, silver, coins.
Kits, assembled models. Transistorized. Weighs
3 pounds. $19.95 up. Free catalog. Relco-A22,
Box 10839, Houston, Texas 77018.

SURVEILLANCE COUNTERMEASURES BRO-
CHURE $1.00. ENGINEERING LABORATORIES,
BOX 1036, ANDERSON, INDIANA 46015.

TRANSISTOR-Tube-Radio-Television-Phono, SIG-
NAL GENERATOR, $4.00. Takoma Servicing
School, 11808 Pittson Road, Wheaton, Maryland
20906.

ELECTRONIC Ignition, various types. Free litera-
ture. Anderson Engineering, Epsom, N.H. 03239.

PROXIMITY switch detects nearness of human
body! Free information. Claremont Products,
860 Reed. Claremont North. Calif. 91711.

SURVEILLANCE EQUIPMENT, latest devices,
also construction plans, free catalog, FISHER
ELECTRONICS, Box 350, N. Miami Beach, Flor-
ida 33160.

DETECTIVES! Precision Surveillance Devices.
New Catalog. Free when writing on letterhead.
Otherwise $1.00 refundable with first purchase.
SILMAR ELECTRONICS, 3476 N. W. 7th Street,
Miami, Florida 33125.

DISPOSAL—$80.000.00 hi-fidelity retail store in-
ventory. New/used equipment: Ampex, Marantz,
Fisher, others. Hewlett-Packard test equipment.
Free-list—Marco Electronics, Box 336-D, Winter
Park, Fla. 32789.

RECTIFIERS, Transistors, other components.
Catalog free. ELECTRONICS COMPONENTS CO.,
Box 2902, Baton Rouge, La. 70821.

ELECTRONICS ENGINEERING
AND INSTRUCTION

ASSOCIATE Degree in Electronics Engineering
earned through combination correspondence-
classroom educational program. Free brochure.
Grantham Technical Institute, 1505 N, Western
Ave., Hoillywood, Calif. 90027.

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, Calif. 95820.

FCC First Class License in six weeks—nation's
highest success rate—approved for Veterans
Training. Write Elkins Institute, 2603C Inwood
Road, Dallas, Texas 75235.

HIGHLY effective home study course in Elec-
tronics Engineering Mathematics with circuit
applications. Earn your Associate in Science
Degree. Free literature. COOK’S INSTITUTE OF
ELECTRONICS ENGINEERING, P.O. Box 36185,
Houston, Texas 77036.

ELECTRONICS! Associate degree—29 months.
Technicians, field engineers, specialists in com-
munications, missiles, computers, radar, auto-
mation, Start September, February. Valparaiso
Technical Institute, Dept. N, Valparaiso, Indiana
46383.

R.E.l.'s famous (5) week course for the First
Class Radio Telephone License is the shortest,
most effective course in the nation. Over 98%
of R.E.!. graduates pass F.C.C. exams for 1st
class license. Total tuition $350.00. Job place-
ment free. Write for brochure Radio Engineer-
ing Incorporated Schools, 1336 Main Street,
Sarasota, Florida 33577 —or 3123 Gillham Road,
Kansas City, Missouri 64109—or 809 Caroline
Street, Fredericksburg, Virginia 22401.

FCC FIRST CLASS PHONE license in five weeks
guaranteed. Day or Night classes. Write Elec-
tronics Institute, 2202 West Erwin, Tyler, Texas
75701.

TUBES

TUBES, SEMICONDUCTORS, ELECTRONIC
EQUIPMENT & COMPONENTS. Quality mer-
chandise only! Serving engineers, Purchasing
Agents, TV/HiFi Servicemen and Hams for 20
years. Write for Catalog or call 212-WA 5-7000.
BARRY ELECTRONICS, 512 Broadway, New
York, N.Y. 10012.

NEW Sensitive Treasure Metal Detectors. New
low prices. Professional models from $29.95 to
$129.50. Write for free catalog today. Jetco Elec-

TUBES—33¢ each. Year guarantee. Tuner Clean-
er $1.09. Free catalog. Cornell, 4213-W Uni-
versity, San Diego, Calif. 92105.

ENGINEERING Selis For $10.79 $8 79 lu\lpnl{i_

Outside U.S.A.

® (ITEM HAIBI ) - = Wonderful chance o abtain technical (rain=

ing at Amazing Low Cost' Lincoln Enginecring Schuol has suspended
s Correspondence Courses because of Increased operating costs, We
offer a limited number of the school’s complete Llectrical Engmeenng

Course but without the exammation paper grading seevice. [he course
consists of 14 lesson onit books. Lach boak has the regular cxams, and
in w scparate section, “'Standard Answers' to cach exam question.

] sane )5 well wiitten easy i understand, profusely illustrated.
Rc-d« r*s BHgest s12e, tasy to carny and Study In Spare time. Many Lin-
coln Ingineenng School stodents holding excellent jobs as a resutt of
= traming, Course contains latest information on transistors, sil-
icon diodes, etc. Additional book how tu build and vperate a "Home
Laboratory and Lxpenimental Bench' fumnished with euch course,

SEND 25¢ COIN OR STAMPS FOR 3 MAIN CATALOGS
g All items FOB Linceln  Money Back Guarantee

SURPLUS CENTER

DEPT. EW-078 LINCOLN, NEBR. 68501
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« =« -Deluxe, Multi-Range, AC/0C Tester ......... $ 8.98| | tronics, Box 132-E, Huntsville, Texas 77340.
= o T.V. Parts catalog sent free. M & S Electronics, . a
ci:::"::nz:';‘!“ i ?#""ﬁ =y Box 15671, Wichﬁa, Kansas 67216, Rechargeable Eveready Ni-Cad. Batteries
| |8k x - = & 0
Course In Rl ! I | MICRO Radio—Seven transistor, cigarette pack 9 volts dc. 500 ma. hour (7 dry button cells) size
ELECTRICAL f—‘* DA ) i size. Guaranteed. Each $3.90. Topvalue, 2306 2%,” x 1% dia. suitable for radios, $5.97 ca.

N. Evergreen, Phoenix, Arizona 85006.

DIAGRAMS, Service Manuals, Radio, TV, HiFi,
$1.00. Technical Services Associates, Box 1167,
Berkeley, Calif. 94701.

g CHEMTRONICS

% TUN-0-LUBE®

SPECIALLY FORMULATED
TV TUNER CLEANER
FOR ALL TV TUNERS

e SAFEFORALLPLASTICS
® WILL NOT DETUNE TUNERS

wwWw.americanradiohistorv.com

phonos, test bench. labs, ete. ...
Small DC Motor, Swiss precision made 5000 rpm at

v.de type reversible, suntable for
maodels, battery Bhonos, etc. .. $127 ea.
Same motor as above with gcar chaln
high torque 280 rpm at 6 v.de. ... $1.97 ea.

Sennheiser Model $07HN, mrectlonal dynamlc micro-

nhong (West Gerrlv;ant Mfq. )I {uuhf and low

impedance, excelient quality for voice

and music. $9.97 ea.

Gguldﬁgecharseahle Ni-ngdbattxnzest, 12

v.dc. ma. hours. (1 ry ybe

cells) $8.97 ea.
All merchandise is brand new and sold on o money

back bugis if not satisficd.

PEAK ELECTRONICS CO.
&6 W, Broadway, N.Y., N.Y. 10007, 212-962-2370

ELECTRONICS WORLD
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—“ARCTURUS” SALE—

e Tuhe bargains, to name just a few:

=6146....82.95 #5725/ 6AS6 79¢; #6AQ5 6l¢
| 3 for $2.00

6360 . 3.50 #5842/417A. #6BQ7  9i¢
=6688... 3.50/=5847/404A. #6CG7 59¢
=6939.... 3.50 = 1AX2 49¢ 2 %616 49¢
=7025 .. ,59|=6K7... 39¢; 3 for (.00|%6T8 88¢
=7788 | 3.75|= 12BN6 59¢; 3 dor 1.49|=6U8 78¢ |
=2D21 491 =25L6  59¢; 3 dor 1.49(#12AU7 59¢
e Tube cartons: GAUG etc. size. $1.95 per 100.
6SN7 etc. size. $2.35 per 100. 5UIGB size. $2.75
per 100. 5U4G size. .03¢ each.

- Oesolete tubes: xUX200. $1.69; #80, §1.20; |

=10Y, 69

e 7 inch 90 degree TV hench test picture tube with
adapter. No ion trap needed. Cat. ®78BP7, $7.99.

e Silticon rectifier octal- hased long-range replace-
ment tor 5U4, 5Y3, 5A AW, 5T-l 5vV4. 5Z4.
With diagram. Cat. = Rect I 99¢ each

e Silicon rectifier replacement, octal hased. for 0Z4.
Cat. = Rect 2. 99¢ each.

o 10 silicon rectifiers,
Cat. = 330F, 94¢ each.
o RCA-110 dcgree flyback transformer, latest type.
Praduces 10 KV, Inciudes schemahgzdlguram appli-

750 MA., 50 to 300 p.i.v.

cation for any TV. Cat. & BR-

e Transistor circuit hoards containing up to 6
transnsmrs nlus diodes. resistors, capacitors, ete.
cat. = TBIO

. Nccules. valucs such as # AS22 sapphire. 39¢;

diamond, 9Y¢.

e Color yokes. 70 degree for all around color CRT’s.
Cat. = XRC70, $12.95. 40 degree for atl restangulal
19 to 25 ineh color CRT's, Cat. # XRC90. $12

e Transistorized U.H.F. tuners used in 1965 to I967
TV sets made by Admiral, RCA, Motorola, etc. Re-
mevable gearing may vary from one make tn another.
Necd only 12 voits d.c. to function. No filament volt-
age n:edv(l Easy replacement units. Cat. # U.H.F
567. $4.95

o Fiyback transformer in original carton. Made by
Mcrit or Todd. Most with schematic drawing of unif.
Plcase do not request specific type. Cat. = 506, 99¢
each.

e Kit of 30 tested germanium diodes. Cat. # 100,
94¢

Scnd for our iree catalog listing thousands of
simifar best huys in tubes, parts, kits, transistors,
rectifiers. etc. Orders under $5.00, add 50¢ handling
charge. Include 4% of dollar value of order for
nostage. Canadian postage $1.00 extra.

ARCTURUS ELECTRONICS CORP.

\ 502-22nd St., Union City, N.J. 07087 Dept. MEW
| Phone: 201-UN 5568

CIRCLE NO. 123 ON READER SERVICE CARD

RECEIVING & INDUSTRIAL TUBES, TRANSIS-
TORS, All Brands—Biggest Discounts. Techni-
cians, Hobbyists, Experimenters—Request FREE
Giant Catalog and SAVE! ZALYTRON, 469 Jer-
icho Turnplke, Mineola, N.Y. 11501.

TAPE AND RECORDERS

BEFORE nentlng 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, Palm Village Station, Hialeah, Fla.
33012.

SCOTCH Recording Tapes. Tape Recorders. Cat-
alog 10¢. Tower. Lafayette Hill, Pa. 19444.
TAPEMATES make available to you ALL 4-TRACK
STEREO TAPES—ALL LABELS—postpaid to your
door—at tremendous savings. For free brochure
write: TAPEMATES, 5727 W. Jefferson Blvd.,
Los Angeles, California 90016.

RENT STEREQO TAPES—75¢ week. Catialrog. Art's
Tape Service, 1613, North Mariposa Ave.,
Hollywood, Calif. 90027.

TAPE RECORDER SALE. Brand new, nationally
advertised brands. $10.00 above cost. Special
prices on HI-FI Components and color television.
Arkay Sales, 1028-B Commonwealth Avenue,
Boston, Mass. 02215.

WHOLESALE — 4-8track STEREOTAPES — Car,
Home PLAYERS—CB, Recorders, MUSICO, Box
2705, Mentgomery, Alabama 36105.

STEREO Tapes, Save 30% and up: no member-
ship or fees required; postpaid anywhere U.S.A.
Free 70-page catalog. We discount batteries,
recorders, tape/accessories. Beware of slogans,
“not undersold,” as the discount information
you supply our competitor is invariably report-
ed to the factory. SAXITONE, 1776 Columbia

| Road N. w,, Washungton D. C. 20009.
' RENT 4-track open reel tapes—all major labels—

3,000 dif‘erent—free brochure. Stereo-Parti,
St. James Drive, Santa Rosa, CA, 95401.

SCOTCH RECORDING TAPE, lowest prices.

TAPE CENTER, Box 4305, Washington, D.C.
20012.
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——GREGORY ELECTRONICS —

Reconditioned & Used FM
2-WAY RADIO EQUIPMENT

Here’'s a small part of enlarged inven-
tory now on hand for practically every-
thing you need—at savings! Buy now!

450 MHz USERS

Gregory Electronics offers you a large selec-
tion of Motorola T-44 Series U.H.F. equip-
ment. Complete with cables, control head,
speaker, microphone, control relay and fuse
block. All units are 15-18 watts in 15" cases.

T-44 A—6 or 12 volts $48
T-44A6A—6/12 volt
With the conversion data in the schematic
SPECIALS -« « « VERY CLEAN!

—vibrator supply
$58.
—vibrator supply
digest, you can be on 432 MHz in no time!
3 freguency dual front end receiver

T-24A6—6/12 volt

¥68.
T-44AAV—6/12 volt
6 METERS F.M.

—vibrator supply
—vibrator supply $88-
MOTOROLA X-51GGS

2 frequency transmitter. Receiver has a
transistorized power supply

Transmitter uses a dynamotor.

12 volts/50 watts/wide band in 15" cases.

Units complete with cables, multi-ireq.
control head, speaker, microphone, $128

Muiti-Freq. Specials
Very Clean

2 Meters T-43GGV Specials

In 15" cases 6/12 volts 30 watts—vibrator
power supply. Unit has two dual freq trans-
mitter strips and a dual freq. receiver.

With cables, control head, speak-

er microphone, $].78-

General Electric Schematic

Outline and Interconnection

Diagrams for General Electric Two-Way
FM Radios

$4'.2-,() per volume

Volume |—Pre Progress Line—25-50 MHz
72-76 MHZ
Volume tl—Pre Progress Line—150-170 MHz

We Buy Late Model Equipment for Cash
Send For '68 Catalog—Write; Wire or Phone!

- oneor - GREGORY
- ELECTRONICS
-mowz:. CORPORATION

249 RT. 46, Saddle Brook, N.J. 07662
Phone: (201) 489-9000

CIRCLE NO. 113 ON READER SERVICE CARD

HI-FI Components, Tape Recorders at guaran-
teed “We Will Not Be Undersold’ prices. 15-day
money-back guarantee. Two-year warranty. No
Catalog. Quotations Free. Hi-Fidelity Center,
239 (LT) East 149th Street, New York 10451.

RENT stereo tapes, $1.00 Week, postage paid.
Scotch tape discounted. The Tape Lib:ary, Box
8146. D.C. 20024.

DO-IT- YOURSELF

PROFESSIONAL ELECTRONICS PROJECTS—
$1.00 up. Catalog 25¢. PARKS, Box 25665A,
Seattle. Wash. 98125.

MAGNETS

MAGNETS. All types. Specials—20 disc mag-
nets, or 2 stick magnets, or 10 small bar mag-
nets, or B assorted magnets, $1.00. Maryland
Magnet Company, 5412-E Gist, Baitimore, Mary-
land 21215.
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GO X'J. = =
NICKEL-CADMIUM BATTERY BARGAIN'

T(!l the value # i
Sty Cused | rovt M**N
surplus.  Lightweiht &a; r&/
4 ocelt, 6 volt, 2
Amp-hour  hatt
with alnost unlmn(ml
life, Extremely  Dhigh
current numul Le-
charres hour
with ldmun(l kit.

wWon't deteriorate
when lefl discharged.
Minimim Cmainte g 8
few drops
nex year. Itm.' ret, th k-and-vibnition  resistant
A Ell\('ltll partinlly  eharged,  filted  with
electi I\u 131/ 0, 6. 2 b
Stock No. 70, 942AK (I)aﬁory) ....... .%15.00 Ppd.

Stock No. 70,807AK, (charger kit) $ 8.00 Ppd.

NEW SURPLUS NI-CD BATTERIES

Save more than 30€; !
ong lr -accept
«ml dis-

.25

JUU chary

Exeel.

senled.
storage

Multiple eells \\(lt|pd

in series——gasily cut

«i Combing ta rorm

ey, Tw’ ia. X 15" high. Spec. price for 100 up. low-

Ccost eharger separate.

order 3* Cells DC Volt. Price Ppd.
40,986AK 1 1.25 $ 1.50
40.987AK 2 2,50 2.75
60 633AK 3 3.75 3.60
60.634AK 4 4.80
60.703AK . .. ....... ’Charger) .............. 3.25

Order by Stock No.—Check or M.0.—Moncy-Back Guarantee

EDMUND SCIENTIFIC CO,, 300 EDSCORP BUILDING
BARRINGTON, NEW JERSEY 08007

MAIL COUPON for FREE (ATALOG
|

1148 Pages—1000’s of Bargains!

EDMUND SCIENTIFIC CO. 300 EDSCORP

BUILDING, BARRINGTON, N.J. 08007
Completely new 1968 cdition, New  items.
wepories, illustrations. Dnlul. ( l‘ll(!rh al

and electromagnetic part ries.

rmous  seleetion  of Aslmnnml(‘«! Tt]l
seopes. Microscopes, Blnocular gnifiers.
Magnete, Lenses, Prisms, Muny r surplus
items: for hobhyists. experimenters., waork-

| shop. factory. Muadl eoupon for catalog “*AK'’.

| Nasu

I ADDRESS

CIRCLE NO. 115 ON READER SERVICE CARD

YOUR SERVICE AND
QUALITY LEADER |

WANTED

QUICKSILVER, Platinum, Silver, Gold. Ores An-
alyzed. Free Circular. Mercury Terminal, Nor-
wood. Mass. 02062.

QUICK CASH . . . for Electronic Tubes, Semi-
conductors, Equipment (Receivers, Transmit-
ters., Scopes, Vacuum Variables. etc.) Send lists
now! Write: BARRY ELECTRONICS, 512 Broad-

way, New York, N.Y. 10012 (212-WA 5-7000).

PLANS AND KITS

INTEGRATED CIRCUIT KITS; COMPUTER LOG-
IC; IC's; others. Catalog free. Kaye Engineering,
| Box 3932-B, Long Beach, California 90803.

HIGH FIDELITY

FREE' Send for money saving stereo catalog
’;;E?W and lowest quotations on your indi-
| vidual component, tape recorder or system re-
quirements. Electronic Values Inc.,
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 guarantee. Two-year warranty.
No Catalog. Quotations Free. Hi-Fidelity Cen-
ter, 239 (L) East 149th Street, New York 10451.
HIFI EQUIPMENT—Get 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.

LOW, LOW quotes: all components and re-
Roslyn, Penn. 19001.

nts, tape recorders, sleep learn
equipment, tapes. Unusual Values. Free cat-
alog. Dressner, 1523 R Jericho Turnpike, New
Hyde Park, N.Y. 11040.

corders. Hi-Fi,
| HI-FI compone

| RECORDS

INIRECORDS!! Assorted, $25.00, 20 LP’s; $5.00,
45RPM. 129 Carol Avenue, Aberdeen, Mary-
land 21001.

-

INTEGRATED
CIRCUITS

LINEAR CIRCUITS

We promise to supply you with the SIM to 2N3429 (NPN). St %" |
highest quality products at the most stud, min HFE of 30, 7.5 Amps. | FM IF AMPLIFIERS ...............$2.00
attractive prices with the fastest 175 watts, VCe of 75 ..$1.75 | 702C WIDE BAND DC AMPL.  $4.50
service in the industry. SILICON BILATERAL SWITCH. | 709C OPERATIONAL AMPL.. $4.50
~ Replaces two SCR's by firing in | 719¢ H| SPEED DIFF. AMP. $5.00
either direction when breakdown | : .
T R l A voltage is exceeded. Used in light 711C DUAL COMPARATOR .. $5.50
dimmers. etc. 2/$1.00 -
[[] NEON LiGHT OR NiXIE Tue | DIGITAL CIRCUITS
TO-66 DRIVERS. An NPN, 10-18, Sl | SR FLIP FLOP == $ .90
5 AMP Transistor. With a VCBO o/f$1168‘ SR CLOCKED FLIP FLOPS. . $1.15
PRV [T] SIM. to 2N2875 (PNP). Siticon | DUAL AND GATES ~$1.00
100 1 .90 20 watts with 30 MHz cut off | DUAL NAMD NOR GATES.. . $1.00
200 1.40 $.75
300 1.75 500 HFfe noplastic transistors. y
400 2.25 1 0 NPN, TO-18. S| unit similar to 7PRVT°" e o P LT, -
00 . e
500 2,60 | | 2N3565 . 4/%$1.00 00 71650 =51
Silicon Power Rectifiers 200 .09 | 1200 | .50
AVALANCHE MODE TRANSISTORS, | PRV | 3A | 12A | 20A | 40A 400 12 | 1406 .65 |
used for TRIGGERING SCR's & 100 | .09 30 | .40 | .75 600 _18 | 1600 60
TRIACS, with diagrams. . . 3/$1.00 | |"200 | .16 | .50 | .60 | 1.25|| | 80O | .22 | 1800 _ .90 |
“400 | .20 | .70 .80 | 1.50 T T
ZENERS 1watt 7-33v § 50 o Al A B0 . ]
10 Watt 7-200v $ .75 10006 | .55 | 1.50 | 1.80 | UNJUNCTIONS.

50 Watt 7-200V $1.75

Send check or Mo
Postage, Average

(] N-CHANNEL FET'S TO-18 plastic
units, low noise, low leakage, 25 volts
scurce to gate, 50 ma gate current
Gain to 9000 #mho’s.

$1.00 Rated compani

featuring transistors

Business Address: 325 Elm St.,

Terms: FOB Cambridge. Mass.
Y% Ib. No C.0.D"
$3.00

TELEPHONE (617) 547-4005
POST OFFICE BOX 74B
SOMERVILLE, MASS. 02143

SEND FOR OUR SPRING CATALOG |

Similar to 2N2419. RBB of 5-7

meykOr0er, stand off ratio of .6 and Ip of

include

Wt. per package !
s. Minimum Order | 12, with data sheet.. ... $1.50
es 30 days net Silicon Control Rectitiers
FRLL 3A ] 75 ; 20A | 7UA_
50 .35 | .45 .10 |
" 1001 .50 .65 | 1.00 | o
200 | .70 | .95  1.30 | o
300 | .90 | 1.25 | 1.70 |
i 400 1.20 1.60 | 2.10 | 12.00
& rectifiers 500 | 1.50 | 2.00 | 2.50
600 | 1.80  2.40_ 3.00 | 16.00
) 700 | 2.20 | 2.80 1
Cambridge, Mass. | (500 | | [ 5.00 | 24.00
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200 West |

World’s

“BEST BUYS”
in GOV'T. SURPLUS
Electronic Equipment

RECEIVERS:
RCAF (R 10— 195-410 KC and
Led -l KIC e g g e Useit. Checked: $99.95
BC-0G0: !—7“‘“ 27.9 MC FM Receiver with
sensilivity and  saqueich: - Used. Unchecked: 22.95
Used, Che(‘k(‘d 32.95
BC-348 Receive 200-500 KC and 1.5-18 MC
w/Crystal £ BrFO. ahd Vernicr ’lunmg
AVC, MV(. Prices: Used. less Dynamotors. . 69.50
Used, less  Dynamotor,  operation checlmd: 79.50
rower Supply for BC-SI8—113 VAC. . ... . New: 18.95

COMMAND RECEIVERS — TRANSMITTERS'
95

-4513—190.550 KC, with Dynamotor. . Used:

-3.00-6.0 MC, with Dynamotor. Al(l New: 19.95
RC-457 )—h 0-9.1 M, with Dynamotor, . Re-New: 14.95
R-257ARC 1.3-3.0 MC, lexs Dypamotor.  New: 19.95
R-2R/AR Dynamotor Used: o

T-18/ARC-
-20/ARC
T 21/ARC—D5.3-7. .
T-22/ARC-5—7.0-9,1 MC
T-2:3/ARC—100-136 MC
BC-506-—3.0-.1.0 MC .. ...
BC-456 Modulator—Use with
Command Transmitters
MD-7/ARC-5 Modulator-—ARC-5 and Conumn.

Trans.

RECEIVER — TRANSMITTERS:

BC-6200 FM TRANSCEIVER—20-27.9 MC Cryvstal
('(')nnnl (';“d PE-9T Power \um)l\ =

Re-New: 19.95
\\I Four
M( ... Used 29.95
] Cun((ul
Chanze,
Receiver Fam . ciaflbiedda Used: 24.95
C-3 Tr |n<m|ltel 29.50
LHF Rl (l IVER-TRA
w/S (DN No. 29 B
Two Prexet Channets . ... 18.95
" Ve 24.95
M F IH QUI ONA \ METER—1
Calibrated Heterodyine
Minor parts missing, w/Cnl. 24.95
W/AI Parts & Cal. Book . ... ... .\U[ Ch(cktd 29.50

BIG FREE CATALOG—Send for your copy today!
Address Dept. EW o Prices F.0.B. Lima, O. ¢
259, Deposit on C.0.D.’s

FAIR RADIO SALES
1016 E. EUREKA - Box 1105 * LIMA, OHIO - 45802

SPECIAL INTEREST RECORDS AVAILABLE, PRO-
DUCED BY THE EDITORS OF THE WORLD'S
LEADING SPECIAL INTEREST MAGAZINES.
SEND FOR FREE CATALOG. RECORD CATALOG-
EW, ZIFF-DAVIS PUBLISHING COMPANY, ONE
PARK AVENUE, NEW YORK, N.Y. 10016,

GOVERNMENT SURPLUS

JEEPS Typlcally From $53.90 . . . Trucks ks From
$78.40 . . . Boats, Typewriters, Alrplanes, 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,

GOVERNMENT Surplus How and Where to Buy
in Your Area. Send $1.00 to: Surplus Informa-

tion EW, Headquarters building, Washington.
D.C. 2C036
AUTHORS’ SERVICES

}\UTH-ORS!iLeairn how toTsave_yoJ boo?puTa-
Iished promoted. distributed. FREE bookl=at
“ZD ' Vantage, 120 West 31 St.. NewYork 10001.

PERSONALS

MAKE FRIENDS WORLDWIDE through interna-
tional correspondence. lilustrated brochure free.
Hermes Berlin 11 Germany

HYPNOTISM

FREE Hypnotism. Self-Hypnosis, Sleep Learning.
Catalog! Drawer H400. Ruidoso, N.M. 88345.
HYPNOTIZE SUCCESSFULLY — or money re-
funded! Complete illustrated course—inciuding
Self-Hypnosis $1.00. Arthur Fowler, Box 4396,
Woodbury, New Jersey 08096.

FEMALE, MALE HYPNOTISM!! Easily! Instantly!

Secret Nerve Centers! $2.20. Bruganheimer,
Box 158-£30, Lexington, Mass. 02173.
HYPNOTIZE MALES, FEMALES! Unnoticed!

Quickly! Nerves! Exciting! $2.25. Research En-
terprises, 29-SN21 Samoset, Woburn, Mass.
01801.

ELECTRONICS WORLD
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PHOTOGRAPHY—FILM,
EQUIPMENT, SERVICES

MEDICAL FILM—Adults only—""Childbirth’’ one
reel, 8mm $7.50; 16mm $14.95. International
W. Greenvale, Long Island, New York 11548.
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 08007.

RUBBER STAMPS
RUBBER ADDRESS STAMP $1.50. SIGNATURE

$3.50, FREE CATALOG. JACKSON, BOX 443-G,
FRANKLIN PARK, ILL. 60131.

PRINTING

POSTPAID Specials: 1,000 8, x 11 Offset—
$5.75. Mimeoprinting: 500—$3.75. Electronic
Stencils: $1.00. Free brochures. SEAVIEW,
8115-R Ave. "L, Bklyn, N.Y. 11236.

INVENTIONS WANTED

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 Wall Street, New York, N.Y. 10005.

INVENTORS! Receive free invention analysis at
no risk to you. Send for FREE disclosure form
today. New York Invention Service, Dept. 19,
160 Broadway, New York, N.Y. 10038.

PATENT Searches including maximum speed,
full airmail report and closest patent copies,
$6.00. Quality searches expertly administered.
Complete secrecy guaranteed. Free Invention
Protection forms and ‘'Patent Information.”
Write Dept 23, Washington Patent Office Search
Bureau, 711 14th Street, N. W., Washington, D.C.
20005.

GET IT from GOODHEART!

EVERYTHING UNCONDITIONALLY GUARANTEED!

SILIC. RECTIF. 8000 PIV 400 MA arl(l.'
termin. invent., not rejecta! alnur bLA()s
reverse, 2 uAl fwd diop, 8.2 v, Cost 38

encapsul. 3x1ax1” ht oa. PAIR postpaid

UsCr s

. Max:
Bakel,
$5.30

Radla  =805C. .‘:IO(HA M\ aK.
SOR: Boonton 223A, u\
KOIOTALOTS 4 s s onennn s nsnnsanns

Cory =a5n:
& nllur

Gen.
B

MARCONI FM DEVIATION MEYER TF- 934, Tey
S80I, Reads dev, w/iamse Ha~
nonitor. Made for MIL,
1000 me on linmaonies;
Checked out, ready 1o

i3
--lll() T (I ~ily ¢
¢ inchude all anstructlons,
.. $179.5

Brand New VHF rcves Jook like 13- 153 Cammand hu
a Yetube 10ON8-135 mc. 2 uv sens; 2 orf' 3 IF
noise hntr; ave. W/sch natruct., aphine knob.
A _praph to set freqg, nye tuins. AJR.C. Type
138, 28v Lr withng: wt $22.50
R32 05 ~ame but w ~uueleh: 1y B wiring . . $27.50
R-23/ARC.5 Commund revr 190-550 ke. . 14.95
A.R.C. 12 #22 command reve 540- 1600 ke, 17.95
LM-I13d freq. meter, 019 125 ke-20 mie 57.50
8- 323/UR freq. meter 20-450 me., 00 169.50
BC-221's OK $57.50 TS-175 OK 125.00
CLOSING OUT Radlo Receivers :8-4000 me at CRAZY
LOW PRICES! A~k tor APRIY 0°Y 250 Sheet
ALL-BAND ssn RCVR BARGAIN: unluunluru R-45/
ARR-7., 350 ke to 43 mc continuo Vo Ccw,
MCwW, nllgncd grtd, w/book;: 2. llF 2- ll" S.
meter: nolse Imtr: 3 xtl, 3 non-xtl selec- 149 50
tivity cholces, Less pwr p ..........
GO cy pwr sply: 830, SSB product detector: $20

SP 600-JL RCVF, 5 1-54 me. Kxe. Comd. w /buok 250 00
R-392/URR urtdl. up\ W/AC sply A hook $25.00

Super. EMT 6220V i ph 20 kuu l lm v Iugul 450. 00
Sorens. 100005 10 kva Li

1\Iu| ot n : from 236 V
h ™

n C 1
R gulatea Powor Supplies, alibrators
All kinds of AUDIO Tt Fol 5
Standard Signal GPnonﬂors w \\I FM Swoeep
HI-Pwe Signal Generators 8 Amplmer A

Counters, Freq, Meters, DVM ASK!
Oscilloscopes ... ... ... ..., ASK!
Precision Metcrs NBS: tmcoame Certlt! ASK:
Spectrum Analyzers & Plug-lns. .. .. ... . SK!
Bridges, Potentiometers, nm.r ‘Lab Standards ASK!
Electronic & Rotary Frequency convonen Sy
Nolse & Fietd Strength Meters ASK!
TIME PAY PLAN: Any purchasc totaling 107
$160.00 or maore, down payment only (-]

ir inventary

ALSO BUY! We wunt Tuktronix « Hewlett

- Acronant, radio-shop equpt., ete, , ,

v Connn unieattons of all kinds

LEASE NOT ASK FOR CATALOG! ASH FO
SPECIFIC IYEMS OR KINDS OF ITEMS vYOU NEED!

R. E. GOODHEART CO. INC.

Box 12130-A, Baverly Hills, Calif. 90213

Phansa: Arsa 313, offics ITI-5T7O0T,

messages I75-5343%
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EDUCATIONAL
OPPORTUNITIES

LEARN Whnle Asleep, hypnonze with your re-
corder, phonograph. Astonishing details, sensa-
tional catalog free! Sleep-Learning Association,
Box 24.ZD, Olympia, Washington 98501.

LEARN WHILE ASLEEP. Miraculously build Mind
Power, achieve Self Confidence, improve Health,
gain Success. Method 929% effective. Details
free. ASR Foundation, Box 7021 EG Henry Clay
Station, Lexington, Kentucky 40502.

USED Correspondence Courses and Books sold
and rented. Money back guarantee. Catalog
free (Courses Bought). Lee Mountain, Pisgah,
Alabama 35765

BUSINESS OPPORTUNITIES

INVESTIGATE ACCIDENTS: Earn to $1000
monthly. Men urgently needed. Car furnished.
Business expenses paid. No selling. No college
education necessary. Pick own job location.
Investigate full time or earn to $8 hour spare
time. Write for FREE information. No obligation.
Universal Schools, CZ-7, 6801 Hillcrest, Dallas,
Texas 75205.

FREE CATALOGS. Repair air conditioning, re-
frigeration. Tools, supplies, full instructions.
Doolin, 2016 Canton, Dallas, Texas 75201.

| MADE $40,000.00 YEAR by mailorder! Helped
others make money! Start with $10.00—Free
proof. Torrey, Box 318-N, Ypsilanti, Mich. 48197,

$200.00 DAILY In Your Mailbox! Your Oppor-
tunity To Do What Mailorder Experts Do. Free
Details. Associates, Box 136-K, Holland, Mich-
igan 49423,

JAPANESE Electronics New Products Monthly!
Specimen copy $1, deductible. Dee, 10639-W
Riverside, North Hollywood, Calif. 91602.

EMPLOYMENT INFORMATION

AUSTRALIA—Opportunity, Adventure, Jobs, New
Life. Government Shares Passage. Information
$1.00. Pacifico, Box 43485-R, Los Angeles, Calif.
90043.

BOOMING AUSTRALIA wants your education,
experience! Send $1.00 for information on Aus-
tralian assisted passage, entry requirements,
opportunities. Buckeye, Box 1032vC, Fairborn,
OHIO 45324.

REPAIRS AND SERVICES

SPEAKER REPAIR, Hi-Fi, guitar, organ speakers
reconed good as new at fraction of new speaker
price. For details and Reconing Center in your
area write: Waldom Electronics, Inc., Dept. EW,
4625 W. 53rd St., Chicago, Ill. 60632.

' MISCELLANEOUS

WINEMAKERS: Free illustrated catalog of
yeasts, equipment. Semplex, Box 7208, Minne-
apolis, Minn. 55412.

WATCHES AND CHRONOGRAPHS —Import from
Switzerland, save 50%. Color catalog. DFI, West
Dennis, Massachusetts 02670.

EMPLOYMENT Resumes. Get a better job &
earn more! Send only $2.00 for expert, com-
plete Resume Writing Instructions. J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432 Dept. EW.

STOP BURGLARS THE EASY WAY! Affix au-
thentic “"Protected by Electronic Sentry Alarm”
Decals to auto windows, doors & windows of
home, retail stores; vending machines, etc.
Whether you have an alarm or not—thieves stay
away! Only $1.00 for each set of two. J. Ross,
80-34 Kent St., Jamaica, N.Y. 11432. Dept. EW.

AS YOU SCAN THESE COLUMNS, more than
172,000 monthly buyers of ELECTRONICS
WORLD are doing the same. These men are all
Electronics Professionals—individuals involved
actively ir, electronics from a business or hobby
viewpoint—they are doubly interested in those
advertiseiments which will enhance their careers
or their lzisure hours. They look to the pages
of the ELECTRONICS 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 Adver-
tising Manager, ELECTRONICS WORLD, One
Park Avenue, New York. New York 10016. RE-
MEMBER: September issue, on sale August 20th,
closes July 1st.
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G & G SURPLUS SPECIALS!

BC-645 TRANSCEIVER, 15 tubes,
435 to 500 Me. Easily adapted for
2 wiy volce or code on Ham, Moblle,

ELECTRONICS WORLD JULY 1968

Teteyision l“(perlmcn!al and Citi-
zens' Band. ith tubes, less nower
supply in hctory carton,

Brand new.......... s -

ADVERTISERS INDEX

Dynamotor, Antenna, All Plugs,
ceessories availabie.

AN/APR-4Y FM_ & AM RECEIVER
High “FBI"I FO’Rb SATELLITE TRACKINGI

gh precislon lab instrument, for nitoring and

measuring frequency and relative slznx;llostre:lmh 38 RESOER R
to 4000 Mc, in 5 tuning ranges. 110 V 60 cycle
AC. Built-in power supply, Ormlnal clrcult 582 5

diagrram_tncluded. Checked out, perfect,

LIKE NEW ... ..t ttit.nnaronnnnansns

All Tunlng Units Available for Above

SERVICE NO. ADVERTISER PAGE NO. SERVICE NO. ADVERTISER PAGE NO.

LORAN APN-4 i A
FINE QUALITY 125 Allied Radio
NAVIGATIONAL
EQUIPMENT
+4-Channel long range dual unlts. will determine exact 124 Altec lonsing
weofraphic position of your boat or plane. Indicator
and receiver complete with all tubes and crystal.
INDICATOR 1D-68B/APN-4, and RECEIVER 375 .00
R-9B/APN-4, complete with tubes, Exc. Used

LORAN R-65/APN-9 RECEIVER
& INDICATOR

4-Channel single unit systemn, used in —— . -
ships and aircraft. Determines position = 122 Burstein-Applebee .....ccccocveereininiiinercioninens 72 105 Multicore Sales Corp ...ooovivieieeieninieinienan. 73
ty radio signals from known xmltters. -
Accurate to within 1¢ of distance. ]
complete with tubes and crys- §2-50 i
tal. IN LIKE NEW Condition. :

All accessories for Loran Equipment in stock.

................................................ 76 108 Mallory & Co. Inc., P.R. .. 2

.............................................. 89 107  Microflame, InC. .cccoricvciiininnnnsiieieneenaen. 72

123 Arcturus Electronics Corp .ovveninionnenniieininnnnee ?3 106 Motorola Traoining Institute .......ccccceeinn.enn 87

200 CML, Inc .. 4 104 Music Associoted . ooiviienieeiiciceeeinne e 62

BC 929 3 nch Scope, with all tubes.

Enverdian instrct Study Divisi National Radio Institute ..
110 V AC operation . S LDy e L s
(G- 3?‘;1 CODE KIEVER. w{: cantained,
() N C reproducex code practice =i

m paper tape. 5 to 25 W _Hi Electronics, INC ..ieiieiiieiiiiiniiiiiiciiins 68
Tullt. ln speaker. Brand new with tech. LRI EL ST 7 I Uy e el IRE el I "
manual, takeup reel
and AC lne cord. .......... .
oGt aeNinnesTfortabos el IR Chemtronics ... e 92 102 Pothé Electronics Manufacturing Company 76
BC-603 FM RECEIVER, 20 to 27 Mc 10 prese »
button channels or manual tuning. Complet
xlﬂl'ih 10 wubes, cheched out, ex d col $37 50

. n
S g00g000gdop00aa 0000008000000 121 Cleveland Institute of Peak Electronics Co...covirvrereccrcracrienneninnienans 92
BC-603 FM REC ER converted for opera-
tion on 35 to 50 Mc. Checked out, guaran. 552 50
teed Fxe. Used Cond. .................. i
AN/ART-13 TRANSMITTER makes fine Ham trans. Electronics .....cocccvivinnnnns 78, 79, 80, 81 101 Poly Paks ..o 95
mitter for 80, 40, 20 ml 10 meters. Power output
oo Watts on AM, ‘€W, MCW. —
O Piyret o Complete
w ot tube. . H H
tal, exe. Used . 120 Cleveland Institute of Electronics ... 83 RCA Electronic Components and Devices
Low-Frequency Sscullator Coil
for above, 200-1500
Ke, Exe, Used.......
$7 95 119  Delto Products, INC .iociiiiiiiciiiiccrinicien e 74 FOURTH COVER

ARC.5 VHF RECEIVER, "RANSMIT"ER
MODULATOR 100 156 Mmc

R-28 Receiver, with tubes
and crystal, exc. Used
Cond. . ...ceeacerronaas
V-¢3 Transmitter with tubes
and crysials. Brand I\c\v in
original carton ... ..

.75 100 RCA Electronic Components and Devices ... 17

118 Delta Products, Inc ..

$21. 50

MD.7 Modulator, ith $10 50 116 Editors and Engineers, Ltd .....ccocoennniiiinn, 62 RCA Institutes, Inc .. .......... ... 64, 65, 66, 67
tubes. exc. used........ .
ABN-1 TRANSMITTER-RECEIVER FM 100-150 .
\‘(’nl)hu\.\t’nxp?c j‘.”.h. ..1{1. tuhcs .1.13.ulx.n?4?t‘of lx? $8_95 115 Edmund Scientific Co ... ... ... ... Q4 98 Rador Devices Mfg. Corp .. ...occoviiieeiieiines 1

VISIT OUR NEW SHOWROOM

AT 45 WARREN STREET, N.Y.C. 117 Electro-Voice, InC .ooovoreini SECOND COVER 97 Sams & Co., Inc., Howard W .coooeiieciceenns 12
T-20 TRANSMITTER. 1 to 5.3 Me, Brand New. in
original carton., with tubes and crysial oo .

90 Electronic Industries Association ... 84 96 Shure Brothers, Inc ..o 13

BC-458 TRANSMITTER, 5.3 to 7 Mc. Brand $8‘75
New, in original carton, with tubes il eevstal
?{'cz_z\\-ﬁ?ﬁﬁf)fuﬁi:. ?53‘!,‘,’5'5'“,3?“. .“.’_ _“_"_h_‘sl-] -50 89 Elpa Morketing Industries, Inc., Watts Div 68 95 Solid States Sales ..cooivcieiiniiiiniiniineeniiiees 94
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i Grltan. Eilipru i N 114 Euphonics Marketing ..oc.cooorerncreerncrennnn 87 199 Solitrcn Devices, INC cooooirreiioioicecnnicceoos 23

NEW GRG CATALOG i’ witicary eiccronic

Gear. SEND 25c—Refunded with Firsy Order Foir Rodio Sales ... .94 94  Sonar Radio Corporation .......cccooveeeivrcnne 83
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Ww. Al shipments F.0.B. our Flarcnose, v Cr
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G & G RADIO SUPPLY COMPANY
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i Goodheart Co. lnc., R.E. oooiiiiiiiiiinanes 95 Surplus Center . .
75-77 Leonard 51, New York, N.Y, 10013
Grantham School of Electronics ......o.oc.eee 7 198 Texas Crystals ..o e 73
MAIL ORDER ADVERTISERS ...
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ics Division Annual publications. Plan now
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ELECTRONIC EXPERIMENTER'S HANDBOOK
((Spring and Winter) 111  International Crystal Mfg. Co., Inc .......... 77 Valparaiso Technical Institute ..., 84

ELECTRONICS INSTALLATION AND SERVIC-
ING HANDBOQOK
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ONE MILLION OHMS PER VOLT

V=-0-M

Model 6G30-M
VOLT-OHM-MICROAMMETER

$220.00

Suggested U.S.A. user net

Triplett Model 630-M features the input imped-
ance of a VTVM with the convenience of a V-O-M.
The 630-M’s sensitivity is derived from the singular
achievement of its basic 0-1 D.C. microampere
movement. The 630-M incorporates no amplifiers,
no warm-up, and no power requirements. Model
630-M is a true V-O-M whose engineering excell-
ence is based on 60 years of instrument manufac-
turing, and contains the top quality associated
only with Triplett.

6900 ofF 698

(1]
0'200 00300

' 1 1,000,000 ohms per volt D.C. for greater
HIGH ‘ ' accuracy on high resistance circuits.
vort \ \" / . 20,000 ohms per volt A.C.

PROBE |\ MO0 . 12 A ‘;. 1 ua Suspension Meter Movement. No
PR & XV \\ :‘3"|t:|t)|:i:\2“ 3 2 pivots, bearings, or rolling friction. Ex-
CAUTION La Py tremely rugged. Greater sensitivity and
S repeatability.

e 3 61 ranges, usable with frequencies

through 100 kHz. Temperature com-
pensated. 1%% D.C. accuracy, 3% A.C.
in horizontal position.

TRIPLETT ELECTRICAL INSTRUMENT COMPANY, BLUFFTON, OHIO
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We can’t leave well-enough alone...

...sowedecided to redesignthe RCA-6GF7A vertical
deflection tube to practically eliminate low-line top-
picture compression, high-line top picture stretch in
color TV receivers.

We developed a cathode material that improves
the tube’s ability to provide uniform and consistent
performance as a high-perveance, low-mu triode
unit for vertical-deflection amplifier applications. A
better grid-wire plating technique virtually elimi-
nates cathode poisoning and grid emission prob-
lems. Linearity is 100% controlled. And for vertical-

deflection-oscillator applications, we test for grid
leakage at higher plate and grid voltages than would
normally be found in TV applications so the picture
won’t creep up the screen as the vertical deflection
tube warms up.

Innovations and improvements that make your
service operation more reliable, efficient, and profit-
able are our constant aim.See your Authorized RCA
Tube Distributor for quality RCA receiving tubes.

RCA Electronic Components, Harrison,

New Jersey.
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