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Imagine! A three-way speaker for just
$33.00! Imagine response from 45 to
18,000 cps in a speaker justeightinches
in diameter! That's the remarkable
value Electro-Voice offers you with the
new Wolverine LT8.

This combination of Wolverine {ea-
tures assures you that the LT8 is the
finest sounding eight-inch three-way
speaker you'll hear or buy: heavy die-
cast frame to keep all moving parts in
perfect alignment; ten-ounce ceramic
magnet for excellent efficiency and
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damping; long-throw, two-inch voice
coil for minimum distortion; dual-cone
Radax® design for smooth mid-range
respcnse; ring diaphragm compres-
sion tweeter for smooth, extended
highs above 5,000 cps and unusually
wide dispersion.

The LT8 mounts almost anywhere—
in walls, ceilings, closets, or any suit-
able cabinet, and its low cost means
you can afford high fidelity in every
room of your house. Yet, despite its
small size and low cost, the sound of

SPECIFICATIONS: Frequency response, 45 to 18,000 cps. Power randling capacity, 20 watts, 40 watts peak. Im-
pedance, 8 ohms. Resonance, 65 cps. Tweeter level control. Size, 8%-in. diameter, 3%-in. deep. Weight, 6} Ibs.
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NEW E-V LT8 3=-WAY 8" SPEAKER

the Wolverine LT8—in the E-V tradition
— is rich, full, completely satistying.

The new LT8 rounds out the unique
family of Wolverine low-cost speakers
from Electro-Voice. Hear it today at
your nearby E-V high fidelity showroom.

ELECTRO-VOICE, INC.
Dept, 945N, Buchanan, Michigan

SETTING NEW STANDARDS IN SOUND

CIRCLE NO. 180 ON READER SERVICE PAGE
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THE SPACE AGE AND AUTOMATION ARE
Protect your future CHANGING THE ELECTRONICS INDUSTRY.

through the new ‘ Equip yourself to meet current employment opportuni-

ties by acquiring specialized knowledge in one of
these fields:

CREI Programs in SPACE DATA SYSTEMS —tnctuces muii-channel

recording, analog to digital conversion systems, data

e acquisition and processing.
Space Electronics SPACECRAFT TRACKING AND CONTROL —in-
cludes such areas of space technology as orbit calcula-

tion and prediction, inertial guidance, electromagnetic
wave generation, space surveillance and environment.

AFROSPACE RADAR ENGINEERING — inciudes

specialized knowledge of surveillance radar antennas,
receivers, components and microwave equipment used
in space applications.

L

M These are the first extension programs developed
specifically to help men in electronics apply their expe-
rience to the space effort.

il Content of programs developed to meet employment
requirements as determined by consulting government
and private organizations in the space field.

Bl Text material prepared with the help of engineers
and scientists from leading space-oriented organi-
zations.

YOU ARE ELIGIBLE FOR THESE PROGRAMS IF YOU
WORK IN ELECTRONICS AND HAVE A HIGH
SCHOOL EDUCATION.

FREE BOOK GIVES FULL INFORMATION. TEAROUT
AND AIRMAIL POSTPAID CARD OR WRITE,

UBEI DEPT. 11093, 3224 Sixteenth St., N.W.
Washington, D.C. 20010
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The Capitol Radio Engineering Institute

Accredited Member of the National Home Study Councit

Dept. 1109B, 3224 Sixteenth St., N. W.
Washington, D.C. 20010

Please send me FREE book describing CREf Home Study
Programs including new Programs in Space Electronics. |
amemployedin electronics and have ahigh school education.

Name Age

Address

City = State Zip Code ___
Employed by

Type of present work

o o ! Check: [ ] Home Study ] Residence School [] G.l. Bill £-31
L f Neticnal *mnaLtcs & Spac)eé! dmiaistralion
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CREI
OFFERS YOU
UP-TO-DATE
EDUCATION
IN EVERY
IMPORTANT
ELECTRONIC
SPECIALTY

Electronic Engineering Technology
Communications

Aeronautical and Navigational
Television

Servomechanisms and Computers
Nuclear Instrumentation

Radar

Nuclear Engineering Technology

Mathematics

PLUS THREE NEW PROGRAMS IN
SPACE ELECTRONICS:

SPACECRAFT TRACKING AND
CONTROL

FIRST CLASS
Permit No. 288-R
Washington, D.C.
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Postage will be paid by

AEROSPACE RADAR ENGINEERING

. S —— i
The Capitol Radio Engineering Institute FREE BOOK GIVES COMPLETE
3224 Sixteenth Street, N.W. ' INFORMATION. TEAR OUT AND
Washington, D.C. 20010 MAIL POSTPAID CARD FOR YOUR

COPY TODAY.

www americanradioh®&torvy com
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SUPERIMPOSED on a back-
ground made from an actual
mask, these integrated cir-
cuits illustrate the state-
of-the-art. The rectangular
monolithic circuit contains
14 transistors, 10 resistors,
and 2 capacitors on a 60 by
80-mil silicon chip. The
multiple-chip unit mounts a
complete monolithic circuit
surrounded by separate com-
ponent chips. The flat pack-
age, housing a monolithic
circuit, is a typical space-
saving arrangement. The ac-
tual size of the monolithic
circuit chips is compared
with a section of a penny.
(Cover photos: Courtesy of
Motorola and Sylvania.)
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NEED
EXTRA
INCOME

SELL AUDIO
COMPONENTS
SUCCESSFULLY

Who's the Garrard rep in Minnesota?

What's the price on Apparatus Development's
strap-type stand-offs for holding antenna wire
away from a roof-top mast?

You have a technical question about a Pick-
ering cartridge and want to write to the chief
field engineer. Who is he?

"“Ekkofon™ is the trade name for what man-
ufacturer?

All of the answers to these questions — and
thousands like them — can be found in one
reference book: the Sound Industry Directory.

The Directory is issued by the publishers of
HIGH-FIDELITY TRADE NEWS. The 1964 Edition
lists over 2,360 products with descriptions,
specs and prices. About 200 manufacturers of
audio equipment are listed, with addresses,
namgs of key personnel, and, in many cases,
their sales reps. There are cross-indexes, store-
tested merchandising tips, and everything to
lead the reader through the complexities of
this many-faceted industry.

One more thing. The Directory is printed on
heavy stock with a sturdy cover. Limited edition
available while supply lasts. Send $5.95(post-
paid per copy) to Ken Nelson, Sound Industry
Directory, 25 W. 45th St., New York 36, N.Y.

ECTORY

The trade’s buying ¢
oyiidle to audio
aruipment

Send to Ken Nelson, Sound Industry Directory
25 W. 45th St., New York 36, N.Y.

NAME
ADDRESS
COMPANY NAME

$5.95 Enclosed

COMING
NEXT
MONTH

OPTICAL SCANNERS—

MACHINES THAT READ

Ken Gilmore takes a look at the various
techniques either in use or under devel-
opment whereby printed or written
words and numbers are translated into
the “language” computers “under-
stand.” Such scanners generate signals
automatically with a speed, accuracy,
and economy that humans can't match.

“TRANSISTOR WILLIAMSON" STERED AMP
Recent!ly developed transistors make it
possible to transistorize one of the most
popular audio circuits ever designed.
Keith H. Sueker of Westinghouse de-
scribes a dual 30-watt unit, complete
with parts list, which is based on an
unusual complementary push-pull emii-
ter-follower output circuit.

HELICAL VIDEO RECORDER FOR TV

Details on Ampex’ new rotating-head
portable TV tape recorder which is find-
ing wide application in educational,
medical, and industrial closed-circuit
work.

MEASURING THE “SONIC BOOM”

With the development of supersonic air-
craft under way, the FAA is conducting
extensive research into the effects of

Rk =
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“sonic boom” on residential and com-
mercial structures. Jim Kyle describes
the tests currently being run in the
Oklahoma City area, equipment heing
used, and some of the results obtained.

4- AND 5-LAYER SEMICONDUCTOR DIODES

A comprehensive discussion of the cir-
cuits and applications for avalanche-
mode semiconductor switches. Included
are high-powered audio amplifiers, d.c.
transformers, dimmers, and computers.

LIQUID-TEMPERATURE CONTROLLER

Where critical temperature control is
involved, this solid-state unit can be
used to maintain « liquid bath to within
a few hundredths of a degree for a 24-
hour period.

TAPE-WINDING NOMOGRAM

A series of charts make it simple to wind
exactly the right amount of 0.5, 1, or
1.5-mil tape on standard reels to yield
various recording times.

TEMPERATURE-SENSITIVE DEVICES

When the resistance of a circuit com-
ponent can be changed by temperature,
it finds many wunusual applications in
electronics. Here are a number of these
uses.

CIRCLE NO. 220 ON READER SERVICE PAGE
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All these and many more interesting and informative articles will be vour
in the OCTOBER issue of ELECTRONICS WORLD ... on sale September 22nd.
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6 HEADS No | Yes | No | No | No Nul Noe | No | No | No | No | No | No
t
3 MOTORS No | Yes | No [Yes | ves| No | No ! Vesi No | No | No | No | Yes
T |
AUTOMATIC REVERSING
FOR RECORO & PLAY | No {Yes | No { No | No | No | No | No [ No | No | No i No | No
PUSH BUTTON
CONTROLS NuJYes Yes | Yes | Yes | Yes | Yes | Yes | No | Yes | Yes | No | Yes
REMOTE i
CONTROLLABLE No |Yes | No | No | No | No | No | Yes| No | No | No | No | Yes
- i - +
SOUND ON SOUND Yes | Yes | Yes | Yes |Yes | ves | ves | Yes I Yes | Yes | Yes | Yes | Yes
% | |
BUfLT-IN [ !
ECHO CONTROL No |Yes | No | No | No | No | No | No | No | Yes | No | No | No
CENTER CAPSTAN
DRIVE No |Yes | No | No | No | No [ No | No [ No [ Na | No | No | No
_— | {
TRANSISTORS Yes Yes‘Yes Veslves Yes | No | Yes | No | No | Ns | No | No
TAPE LIFTERS Yes | Yes | Yes | Yes | Yes | No | No | Yes | Yes | No | No | No | No
3 —ap — 1
OPERATES BOTH |
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VERTICAL Yes |Yes | No |Yes|Yes | No | No | Yes | Yes | Yes | No | No | Yes
- G 3
COSTS UNDER $400 No |Yes | Yes | No | No | Yes | Yes| No | Yes | No |Yes | Yes | No 24 Bl v o
2 = = ok i
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One look at the chart above should prove to
your satisfaction that the Concertone 800 is your
best value in stereo recorders!

What the chart does not show you is that
Concertone’s industry exclusives — double
Reverse-o-matic” (automatic reversing at each
end of the tape), and six heads — combine to
give you continuous music playback and record-
ing with the touch of a button.

And if that is not enough, the Concertone 800

(portable or tape deck) is realistically priced. It
starts at $379.95 {including two dynamic
microphones for stereophonic recording).
If you are still not convinced we dare you to
send for the clincher—our new brochure on the
Incomparable Concertone 800, and the name of
your nearest dealer. Write to Concertone, Post
Office Box 3866, Scuth El Monte, California.

CONCERTONE [3)

CIRCLE NO. 170 ON READER SERVICE PAGE
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NATURE
LOVERS ...

Record nature sounds.
Set on auto operation.
Sound starts and stops
it automatically.

| SLIDES
| & SOUND

|

Built-in automatic syn-
chronizer advances
slides; coordinates them
with commentary or
music.

SECRET
RECORDINGS . ..

For investigations, inter-
rogations, gathering of
evidence. Works unat-
tended. Voice starts and

DICTATION ...

Use voice operation or
remote-control micro-

phone. Dictate anywhere
— office, home or on the

stops it.

MUSIC WHEREVER YOU GO . . .

road.

!Enjoy music at the beach, on your boat, anywhere.
| Ptay commercial tapes or your own selections from

radio or records,

World's First Fully-
Automatic Voice-Operated
Portable Tape Recorder!

CONCORD

330

You'll find all sorts of “hands-free” uses for
Concord's amazing portable 330 — applications
not possible with an ordinary recorder. You
don't even have to be there. Sound starts it;
sound stops it. Just set it and forget it! O The
330 is packed with features: automatic slide
projector advance; automatic Synctrol for home
movies; automatic self-threading too! Up to

6 hours playing time on 5~ reels; 2 speeds; VU
meter/battery life indicator and an optional

AC adaptor. [ See your Concord dealer right
away for a demonstration. Under $200.00.*
Other Models to $450.00.

For Connoisseurs Of Sound

CONCORD 330

CONCORD ®ELECTHUNICS CORPORATION

809 N. Cahuenga Blvd,, Dept. 24, Los Angeles 38, Calif

*price slightly higher in Canada.

CIRCLE NO. 171 ON READER SERVICE PAGE
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OST everyone in the electronics in-

dustry, and particularly those in
defense work, realize that the military
cutback in clectronic equipment has af-
fected the growth pattern of our indus-
try. How seriouslv is a matter of opin-
ion. We are still getting reports on this
matter through independent surveyvs
taken across the country. Unemplovment
among engineers and scientists is at an
all-time high, particularly in companies
along the east and west coasts.

At the same time, financial embar-
rassment among manufacturers and dis-
tributors has reached another peak. Dur-
ing the year ending March 31st, 118
companies failed, leaving a debt of $50
million (this compares with 88 com-
panies for the previous vear). Accord-
ing to EIA, 32 of these companies were
in components, 14 in instruments, 9 in
research and development, 12 in enter-
tainment devices, 8 in systems, and 3 in
data-processing.

It is a paradox that while business in
general is at an all-time high, our own
industry is beset by problems. There are
many reasons: changes in government
expenditures, competition from abroad,
falling sales prices on many products,
and a generally changing technologyv.

Our ten years of expansion have come
to a halt and, although there are many
other reasons, the cutback in military
expenditures ignited the fuse. But why
all the pessimism—it had to come. No
industry has ever had such a growth pat-
tern as ours. This industry, as we know
it, was really born in the early 40’s and
within some 20 vears has become one of
the country’s largest.

We are, without anyv doubt, going
through a re-adjustment period. This
does not indicate a catastrophe, but just
a leveling-off period. This is a time for
company executives to re-orient their
thinking and, for many, time to change
their product mix to be a little more in-
dependent of military funds. Robert C.
Sprague, chairman and treasurer of
Sprague Electric Co. and former chair-
man and president of EIA| refers to this
period as “roll-over.”

He recently predicted that despite re-
duction in military spending, total sales
for our industry will grow from todav’s
$15 billion to a record high of $25 billion
in 1973. Even eliminating defense [unds,
dollar sales will double in 10 vears, from
$7 to $15 billion. He also predicted the

www americanradiohistorv com
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LOOKING BEYOND OUR PROBLEMS

emergence of a new technology (un-
known at the present time) around 1973,
and the astounding rate of technological
improvement and innovation over the
past decade will continue into the next
decade.

The greatest growth potential for the
electronics industry lies in sales of elec-
tronic equipment and components to in-
dustry. Computers and data processing
have constituted the most rapidly grow-
ing segment of the industrial electronics
market for the past 10 vears. Ile pre-
dicted that by 1973 total annual value
of electronic data handling equipment
will have reached about $3.6 billion—
some $2.3 billion more than today.

Even more exciting are the industrial
electronic markets other than computers
and data processing machines. In the
past ten vears, total sales of electronic
equipment in these other industrial mar-
kets have more than tripled, from $535
million in 1953 to $1.8 billion in 1963.
Sales of components in this arca, which
have gone from $169 million in 1953 to
more than a half-billion in 1963, are
likely to reach $1.3 billion by 1973,

Other industrial product areas include
electronie industrial control and process-
ing equipment, test and measuring de-
vices, electronic navigational aids, and
medical electronics—all of which should
increase substantially.

A second significant growth area for
the electronics industry is consumer
goods—radios, television, hi-fi, tape re-
corders. From $730 million last vear, the
volume of components used in the con-
sumer area should reach more than $1
billion by 1973; and the volume of all
electronic equipment, including compo-
nents, should grow from $2.2 billion last
vear to $3.2 billion in 1973, at an annual
growth rate of around 4%.

Certainly there are serious problems
in selected areas but many of the over-all
industry  problems are psychological.
Military expenditures had been increas-
ing at the rate of almost 10 percent a
vear from $3.2 billion in 1933 to $7.8
billion in 1963, What the cutback ieans
is that this growth pattern will not exist
in the future. Mr. Sprague estimates that
between now and 1968 the growth rate
will be 1.1 percent and by 1973, the total
defense billing should actnally be around
$10 billion a vear. There will be no major
decline and once everyvone in the indus-
try realizes this, optimism will prevail. A

ELECTRONICS WORLD
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Even our non-customers say they
can't do without iz!

Sylvania's Technical Manual is still
the most complete data source for
up-to-date information on tubes. ..
and has been since 1929. Tne current
12th Edition, for instance, will provide
information on Z,225 tube types to
more than 100,000 service men, tech-
nicians, dealers, distributors and
other specifiers of tubes. (Inciden-
tally, 2,225 is only the figure of the
moment.) At periodic intervals, and
at no extra charge, Sylvania mails
supplementary data sheets to provide
you with the latast information and
insure that your Tech Manual is
current.

NEW CAPABILITIES IN. ELECTRONIC TUBES -«

1964
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Here are some of the other features
you'll find in the manual's 700 pages:

« Data on Receiving Tubes, Cathode
Ray Tubes, Semricondictor Diodes
and Rectifiers, Special Purpose
Tubes—all with complete character-
istics.

« Picture Tube Interchangeability
Guide

« European-American Receiving Tube
Substitution Guide

The industry’s
most complete manual
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» Serniconductor Diode Interchange-
ability Chart

» Master Index for quicker reference .,

All in a sturdy 9%" x 6%2” 6-ring binder
with tabbed dividers.

The cost for the industry’'s most
comprehensive manual is only $3.00.
Seeyour Sylvania Distributor. Anddon’t
forget to mail in the prepaid post-
card for the free supplement service,

YINANIA

SUBSIDIARY OF

GENERALTELEPHONE & ELECTRONICS

SEMICONDUCTORS *+ MICROWAVE DEVICES -

T

SPECIAL COMPONENTS - DISPLAY DEVICES
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ALL NEW

better than ever

o GENUINE
OISE"’

4
WON'T AFFECT
oP T PLASTICS
i . on
. VOLUME | FLAMMABLE
LOHTROL |~

W

T T ¥
¥, RADIO,
Leetpry cuansiks

¥ UMoer cgmie o0, No
W e CARBON
Available Only TET
In 6-0z. Spray Cans
CLEANS, LUBRICATES,
RESTORES AND PROTECTS
Volume Controls, Push Button Assem-

blies, Band Switches, Relays and other
electrical contacts.

Conforms rigidly to ALL Federal, State,
Municipal Laws and Regulations!

All NO-MOISE Aerosol Products
HON-FLAMMABLE, NON-TOXIC,
NO CARBON TET

A Tuner-Tonic

with PERMA-FILM
i WON'T
sl AFFECT PLASTICS

Economical — a little does
a lot. Cleans, lubricates,
restores all tuners includ-
—_ ing wafer types. Non-toxic
= _-‘i‘/§ and non-flammable. For TV,
= Radio and FM

Buy EC-44 FOR
ALL ELECTRICAL CONTACTS

IN 6 0Z. SPRAY CAN

NO PRICE INCREASE!

NEW 1964 JOBBER PLAN
Ask Your Rep. For Details

Only With “‘NO-NOISE"
Aerosol Products

FREE 5"
PLASTIC EXTENDER

with push-button assembly
FOR PIN-POINT
APPLICATION,

WON'T CAUSE SHORTS
ALL PRODUCTS

FREIGHT PREPAID and SOLD
with MONEY-BACK GUARANTEE

ELECTRONIC CHEMICAL CORP.

Jersey City 4. N )

Hapjpy EE
g

BT} Commumpaw Avenue
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LETTERS
FROM OUR
READERS

/% m

ACOUSTIC SUSPENSION SPEAKERS
To the Editors:

I go through ELEcTRONICS WORLD
page-by-page and, needless to say, “I.ct-
ters” is one of the features that I reud.
As a consequence, 1 was very interested
in Edgar Villchur's letter headed “Loud-
speaker Improvements” in the June is-
sue.

I'm not interested in getting into a
controversy with Ed one way or the
other; however, I do think exception
should be taken to the second sentence
in the third paragraph of his letter. If
he wants to make the statement, “This
is why Acoustic Research introduced
their acoustic suspension system in
1954,” that is fine; but Electro-Voice and
AR were involved in lengthy and ex-
pensive litigation to establish prior art
and this matter has been settled to our
satisfaction. This word change may be
a very subtle one, but we think it’s
rather important to make.

LawnexcrE LEKasiaraN
Electro-Voice, Inc.
Buchanan, Mich.

We beliece the main point made hy
Mr. Villehur was not who invented the
acoustic suspension speaker hut that any
lag in woofer development is the result
of “a misplaced emphasis on redesign of
the speaker driving motor, rather than
of the dricen mechanical and acoustical
system.”—Editors.

R & L3

TRANSISTOR-IGNITION BALLASTING
To the Editors:

Correspondence with many users of
our transistor ignition coils indicates that
the ballasting of such coils is not clearly
understood. This is an important point
as too little current will lead to poor
performance, but too much current may
lead to failure of trunsistor(s) and
diodes. While the coils are usually the
most rugged svstem component, exces-
sive heat can produce deterioration over
a period of time.

Our coils are conservatively rated at
10 amperes recurrent peaks. Too fre-
quently they are set up for 10 amperes
«verage at idling engine speed. Battery
voltage may be as low as 11 to 12 volts
under such conditions, rising to 14 to 15
volts in the normal operation. This volt-

wwWw.americanradiohistorv.com

age rise will increase current by as much
as 35%. Also, since the average current
depends on dwell angle, which is usually
60 to 70% of (total) cam angle per cyl-
inder, peak current is often 40 to 66%
greater than average.

These two factors are compounded,
leading to actual peak currents in the
15-22 ampere range with 18-20 a. being
highly probable if these factors are not
understood. Considering that heating in-
creases as the square of current and may
thus reach 200 to 485% of design maxi-
mum, it is not suprising that a transistor
may occasionally fail, or a coil show
some signs of high-temperature opera-
tion.

Actually, little is gained in driving
efficient coils with extreme current. The
T400LR, for example, will deliver 40-45
kv. at 10-amp. peak currents. This is
about four times the typical engine re-
quirement. In fact, diode protective
circuits may limit output to about 20
kv. {with a 60 v. diode), in which case
output would be “saturated” for pri-
mary currents exceeding about 5-6 amp.
At currents above 5-6 amp., no great in-
crease in output results but improved rise
time may improve operation somewhat.

We do have the problem of low cur-
rent when the battery is loaded by the
starting motor, especially in sub-zero
weather. Under these conditions, bat-
tery voltage mayv be as low as 60-70% of
normal. This suggests that peak coil cur-
rent should not fall below 4 to 6 amp.
while cranking, or a somewhat higher
figure if allowance for moisture and low
fuel volatility is required.

We recommend a 20-30% increase in
current while starting to allow for such
factors. This can be obtained: (a) by
temporarily bypassing part of the cur-
rent-limiting resistance; or (bh) by use
of a positive temperature coeflicient
ballast with a suitably low initial re-
sistance. The running resistance in each
case should limit current to the coil rat-
ing at the maximum voltage setting. This
should be assumed to be 7.5 and 15 v.
for nominal 6- and 12-v. systems.

In the former method for the T400LR
coil, 0.30 to 0.35 ohm is a good choice
of starting ballast and about 0.65 to
0.70 should be added while running for
a total of about 1.0 ohm. This gives ap-

ELECTRONICS WORLD
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I AM YOUR RCA INDUSTRIAL TUBE DISTRIBUTOR

See how | add big value to each RCA type you buy:

The right tube. That’s my specialty. RCA tube tvpes
that satisfy local requirements. And [ keep on top
of these needs constantlyv...continuously refining
my inventory to mirror shifts and trends in my
customers’ requirements.

At the right place. Close-by. I stock RCA industrial
tubes in breadth, in depth, and with the latest types.
You can fill vour needs for small quantities of vari-

ous products with one purchase order, one supplier
to follow-up, and one invoice to process. No wai*-
ing-out factory production cycles. No excessively
long lead times. No drawn-out correspondence with

RCA ELECTRONIC COMPONENTS AND CEVICES,HARRISON,N.J

The Most Trusted Name in Electronics
@

a far-away plant. And fewer of the costs and risks
that go with maintaining a massive in-plant
inventory.

At the right time. Your order is filled swiftly and
accurately... and delivered to you by the most de-
pendable means of transportation.

Like to know more about how I add big value to the
already big value of RCA industrial tubes? Want
technical literature on specific RCA tube types?
Have a purchase order in need of fast filling? Here
I am...within easy reach...vour RCA industrial
tube distributor.

FOR NAME AND ADDRESS OF YOUR LOCAL RCA DISTRIBUTOR, WRITE OR CALL:

NEW YORK, NEW YORK: 36 W. 49th St 212) MU 9-7200; NEEDHAM HEIGHTS 94
MASSAC S A [ | } HI ¢ WASHIN . ‘ p. 3
N.W., (: FE 7-85 ATLANTA, GA.. 134 Peachtre N.W JA 4.77
LANC HIO: 1621 Ave., [21€ t 150 1ICAG L.: Mercl
312) 5900; DALLAS EXA? Co way, ] ME
Stote e EM - W CAl
Blvd AN FRAN A T
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risk your reputation
W|th “just-as-good’’ capacitors?

When you pay little or no attention to quality in tubular
replacement capacitors, you leave yourself wide open for
criticism of your work . .. you risk your reputation . ..

you stand to lose customers. 1t just doesn’t pay to take a
chance on capacitors with unknown or debatable performance
records when it’s so easy to get guaranteed dependable

tubulars from your Sprague distributor!

There's no "maybe”

with these 2 great
SPRAGUE DIFILM TUBULARS!

The ultimate in tubular capacitor construction. Dual
dielectric . . . polyester film and special capacitor tissue . ..
combines the best features of both. Impregnated with HCX®,
an exclusive Sprague synthetic hydrocarbon material which
fills every void in the paper, every pinhole in the plastic

film before it solidifies, resulting in a rock-hard capacitor
section . . . there’s no oil to leak, no wax to drip. Designed
for 105°C (220°F) operation without voltage derating.

Y seracue

.05 MFD.210%
J soovoc

DIFILM® BLACK BEAUTY® Molded Tubular Capacitors

The world's most humidity-resistant molded capacitors. Tough, protec-
tive outer case of non-flammable molded phenolic cannot be
damaged in handling or installation. Black Beauty Capacitors will with-
stand the hottest temperatures to be found in any TV or radio set, even
in the most humid climates.

DIFILM® ORANGE DROP® Dipped Tubular Capacitors

A “must" for applications where only radial-lead
capacitors will fit . . . the perfect replacement for
dipped capacitors now used in many leading TV
sets. Double-dipped in rugged epoxy resin for posi-
tive protection against extreme heat and humidity.
f ] No other dipped tubular capacitor can match

SPHAGUE
4502 10% 6000C

T§ps-3s0

Sprague Orange Drops!

For complete listings, get your copy of Cata-

log C-616 from your Sprague distributor, or
write to Sprague Products Company, 51
Marshall Street, North Adams, Massachusetts.

e S P EE e

WORLD'S LARGEST MANUFACTURER OF CAPACITORS

THE MARK OF RELIABILITY

CIRCLE NO. 131 ON READER SERVICE PAGE
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proximately 10-ampere peaks at 13 v, in
popular one- and two-transistor circuits,
Stalled current will be about 8 amp.,
which is a good value for setting up.

INustrating the second method, our
B12US8 starts at 0.35 ohm cold and in-
creases to 0.9 to 1.0 ohm while operat-
ing for the same elfect. A bonus is the
continual increase of resistance in case
of regnlator failure with voltage in ex-
cess of 13 v,

It is also worth noting that some
ballast action is desirable in 6-v. systems
to avoid coil overheating, unless stray
and coil resistance is adequate.

Some transistor coils have ratings
which may be less than that of the ex-
ample above and it is good practice to
understand  them before operating. A
good rule is limiting coil dissipation to
approximately 25 watts under normal
operating conditions, and using r.m.s.
current values and primary resistance
for the calculation.

W. IF. PaLMER
Palmer Electronics Labs., Inc.
Carlisle, Mass.

Therefore, those readers who have
suggested 10 or more amps. of current
with the engine not operating, run the
risk of coil and semiconductor hurnout.
—ILditors.

& & %
HIGH-VOLTAGE INDICATOR
To the Editors:

The recent article “Diode Curve-Trac-
er & Analvzer” by Jim Kvle (June issue)
brought to mind a simple and worth-
while improvement which could also be
applied to other types of equipment that
use exposed high-voltage terminals.

In order to call attention to the high
voltage, I would suggest that a flashing
neon lamp be mounted directly between
the exposed terminals. The lamp can get
its d.c. voltage through a small rectifier.
A large series resistor and shunt capaci-
tor can be used to make the lamp flash
at a low but conspicuous rate.

A, WIEGERT
Winnipeg, Manitoba
L @ o

COMPUTER LOGIC FUNDAMENTALS
To the Editors:

In the discussion of the logic example
in my article “Computer Logic Funda-
mentals” appearing in the June, 1964
issue, the “NOR” [unction is correctly
written as A + B + C = D. However,
the equivalent of thisis A + B + C =
D, notA + B 4+ C =
shown.

The example of DeMorgan’s Theo-
rem near to top of the second column
on p. 46 should then read, “Thus,
A+ B+ C=Disthesameas A+*B-C
=D

S. C. Lukexs
Svlvania Electric Products Inc.
Woburn, Mass. A

ELECTRONICS WORLD
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GET AFAST START WITH NRI'S

ACHIEVEMENT KIT

Delivered to your door—every-
thing you need to make a sig-
nificant start in the Electronics
field of your choice! This new
starter kit is an outstanding,
logical way to introduce you to
NRI training kits . . . an un-
paralleled example of the value
of NRI home-study training.
What's in it? Your first group of
lesson texts; a rich vinyl desk
folder to hold your study mate-
rial; the industry’'s most com-
plete Radio-TV Electronics
dictionary, valuable reference
texts; lesson answer sheets:
pre-addressed envelopes,; pen
cils; pen; engineer's ruler, and
even postage. No other school
has anything like 1it.

Founded 50 years ago—in the days of wireless—

™ ~

ELECTRONICS COMES ALIVE
WITH CUSTOM TRAINING KITS

You get your hands on actual
parts and use them to build,
experiment, explore, discover.
NRI pioneered and perfectad
the “‘home lab'" technique of
learning at hocme 1n spare time.
Nothing is as effective as learn-
ing by doing. That's why NRI
puts emphasis on equipment.
and why it invites comparison
with equipment offered by any
other school. Begin now this
exciting program of practical
learning created by NRI's Re-
search and Development Labo-
ratories. It's the best way to
understand the skills of the
finest technicians—and maxe
their techniques your own.

“BITE SIZE" LESSON TEXTS
PROGRAM YOUR TRAINING

Certainly, lesson texts are nec-
essary. NRI's programmed texts
are as simple, direct and well
iffustrated as 50 years of teach-
ing experience can make them.
They are carefully programmed
with NRI training kits to make
the things you read about come
alive. You'll experience all the
excitement of original discovery.

HOBBY? CAREER? PART-TIME
EARNINGS? MAIL COUPON

Whatever your reason for want-
ing to increase your knowledge
of Electronics ... whatever vour
education . .  there's an NRI
instruction pl&dn to fit vour
needs. Choose trom three major
training programs in Radio-TV
Servicing, Industrial Electronics
and Communications or select
one of seven NRI courses in
specialized subjects. Mail cou-
pon for NRI! catalog. Find out
how you can train at home this
exciting, rewarding way.

SEE OTHER SIDE }

NR! pioneered the ‘‘learn-by-doing’’ method of

home-study. Today, NRI is the oldest, largest home- F'“?;R%fss
study Electronics school, offering the kind of in- NO. 20-R

struction that makes learning exciting, fast. You Washington, D.C.

build, test, experiment, explore. Whatever your in-
terest, your need, your education, investigate the
wide variety of NRI training plans . . . find out about
the NRI Achievement Kit. Check and mail the
postage free card now. No salesman will call.

BUSINESS REPLY MAIL

) NO POSTAGE STAMP NECESSARY IF MAILED IN THE UNITED STATES

POSTAGE WILL BE PAID BY

NATIONAL RADIO INSTITUTE
3939 Wisconsin Avenue
Washington, D.C. 20016

Our 50th Year of Leadership

in Electronics Training

National Radio Institute, Washington, D.C
Electronics Division

www americanradiohistorv com
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PICK THE FIELD OF YOUR CHOICE

Now NRI offers you TEN FAST WAYS to train at home
for ELECTRONICS, AUTOMATION, TELEVISION-RADIO

Here are 10 choices of training to help you build your knowl-
edge of the fast growing field of Electronics . . . 10 carefully
developed instruction plans resulting from 50 years of experi-
ence training more Technicians for Electronics, Television-
Radio than any other school. Whether you're starting from
scratch or have some basic knowledge of the field, you will
find NRI courses ideally suited to your needs. NRI training
guides you every step of the way. You work from ‘‘bite-size"

TELEVISION-RADIO SERVICING—Complete train-
ing from basic fundamentals of electricity to home
entertainment equipment. You learn io fix radios,
hi-fi and stereo sets, black-and-white and color TV,
etc. A profitable field full or part time.

INDUSTRIAL-MILITARY ELECTRONICS —From
basic principles to computers. A comprehensive train-
ing plan that teaches you the fundamentals, then
takes you into such modern-day miracles as servos,
telemetry, multiplexing, pulse circuitiry, other impor-
tant subjects.

COMPLETE COMMUNICATIONS* — Designed to
teach and provide you with actual practice in opera-
tion, service and maintenance of AM, FM and TV
broadcasting stations. Also covers marine, aviation,
mobile radio, facsimile, microwave, radar.

FCC LICENSE*—Specifically designed short course
to prepare you for your First Class FCC Radiotele-
phone License examinations. You begin with a thor-
ough background in fundamental Electronic prin-
ciples, advance to required subjects covering equip-
ment and procedures.

MATH FOR ELECTRONICS—A brief course for en-
gineers and technicians who need a quick review of
the essential mathematics used in industry, com-
munications, in government jobs. Basic arithmetic
review, short-cut formulas, modern digital number
system, much, much more.

{See Other Side

B e e |

Please send me your catalog. | have checked the field(s) I

P - National Radio Institute, Electronics Div.
i Washington, D.C. 20016 4

of most interest to me. (No salesman will call.)
[ ] TV-Radio Servicing Basic Electronics
[ ] Industrial Electronics [7 Electronics for Automation
['] Complete Communications [ Aviation Communications
FCC License [ Marine Communications

[ | Math for Electronics Mobile Communications

Name_ . Age
Address -
City State Zip Code

ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL

WWW americanrad

I 4 trict. The course ! completed was priceless in my

texts written in a style anyone can understand. You build and
experiment with special, essential training equipment designed
to make the things you read about come alive in an absorbing,
exciting, educational manner. Whatever your interest . . . what-
ever your need . . . whatever your education . . . there's an
NRI instruction plan for you. Begin NOW an absorbing adven-
ture in home-study training. Check the fields of your choice
on the postage-free card and mail it today.

BASIC ELECTRONICS—A concise course to teach
modern Electronics terminology and components. A
wealth of practical, useful information to heip you
better understand the field, to give you some tech-
nical knowledge. For anyone who wants basic under-
standing of Radio-TV Electronics.

ELECTRONICS FOR AUTOMATION—This course
is not for beginners. Offered for men with some funda-
mental knowledge of Electronics who want better
understanding of Automation in present day use.
Covers process control, ultrasonics, telemetering and
remote control, electromechanical measurements,
other subjects.

+ AVIATION COMMUNICATIONS* — This course
: prepares you to install, maintain, service aircraft
communications equipment. Covers direction finders,
ranges, markers, Loran, Shoran, Radar, landing sys-
tems. Earn your First Class FCC License with Radar
Endorsement.

MARINE COMMUNICATIONS* — Covers trans.
mitters, direction finders, depth indicators, radar,
sonar, other equipment used on commercial ships
and thousands of pleasure boats. Prepares you for a
First Class FCC License with Radar Endorsement.

MOBILE COMMUNICATIONS*—Learn to install
and maintain mobile equipment and associated base
stations. Covers transmitters and receivers used by
police and fire departments, public utilities, construc-
tion projects, taxis, etc. Prepares you for a First
Class FCC License.

*NOTE: You must pass your FCC License exam (any Communica-
tions course) or NRI refunds in full the tuition you have paid.

Join the men who trained for success with NRI

“l went into my own business six months after fin-
ishing the NRI Radio-TV Servicing Course. It makes
my family of six a good living. We repair any TV or
Radio. | would not take anything for my training with
NRI. It is the finest.” DON HOUSE, Lubbock, Texas

"Many thanks to NR! for the Electronics training |
received. | hold a first ctass FCC License and am
employed as a studio and master control engineer/ A '

technician with KXJB-TV.” )
RONALD L. WOOD, Fargo, N.D. f%%.

"l am Frequency Coordinator for the 11th Naval Dis-

work. | was a blue collar worker, now | am a white
collar worker.”” JOHN J. JENKINS, San Diego, Calif.

| am a Senior Engineering Aide at Litton Systems,
in charge of checkout of magnetic recording devices
for our computers. Without the help of NRI | would
probably still be working in a factory at a lower
standard of living."” DAVID F. CONRAD, Reseda, Calif.
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Cso-6

The Big Plus—Uniline Sound Columns

Pertormance is the big plus when you install Uni-
versity Uniline Sound Columns. Unlike conventional
columns, Uniline employs specially-designed speak-
ers with higher power handling capacity. “Acoustic-
Tapering — another University exclusive, prevents
excessive high frequency beaming and assures a
uniform sound volume within its fan or beam. The

result—higher intelligibility, optimum sound disper-
sion at all frequencies, greater listening comfort. All
individuals hear the same souncd! The table below
shows complete specifications for all Uniline Sound
Columns, incivding the new weatherproof model
CS0-6 for outdoor installation. For complete PA
Loudspeaker Catalog, write Desk S-9.

= IliI%S-G = CS-4 cs 3 CS0-6

ull Range ull Range q Full Range

Music and Speech Music and Speech Music and Speech Music and Speech
6 extended 4 extended 8 spetial € extended

speakers range 8” range 8” multi-design range 8”

fi

i 55—17,000 cps 70—17,000 cps 156—20,000 cps 55—17,000 cps

ey 120 watts [PM* 80 watts IPM* 25 watts IPM* 120 watts IPM*

impedance 16 ohms 8 ohms 16 olms 16 ohms

Serti

e 16° 22° 22" 3o°

ta!'t:glzeontal 120° 120° 120° 120°

dimensions 59V4" x 107" x 94" 40%” x 117 x 94" 48" x 72" x 85" 601" x 117" x 7%

shipping wt., Ibs. 61 46 33 61

- UNIVERSITY LoupsPEAKERS

CIRCLE NO. 231 ON READER SERVICE PAGE

*Integrated program material.

wwWwW americanradiohistorv com
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i/Stereo Review | mopeL2n

STEREQ TEST RECORD

FOR HOME AND LABORATORY USE
EXETERA: A9 A DEMCRETRATEM IF Tl HGHEST STcaF R0 mr Teed BRCORT 0L 00RS o
PROGREM O WSS RECOWTHD RECTLY DH THE MASTTR WITH MO hTTRYIMSG TAPE PROOCSE

Why We Make the Model 211
Available Now

Although there are many stereo test records on the mar-
ket today, most critical checks on existing test records
have to be made with expensive test equipment.
Realizing this. HiFi  STEREO REVIEW decided to produce
a record that allows you to check your stereo rig, ac-
curately and comnletely, just by listening! A record that
would be precise enough for technicians to use in the
laboratory—and versatile enough for you to use in your
home.

The result: the HiFi, STEREO REVIEW Model 211 Stereo
Test Record!

Stereo Checks That Can Be
Made With the Model 211

Frequency response—a direct check of eighteen
’/ sections of the frequency spectrum, from 20 to
20,000 cps.
Pickup tracking — the most sensitive tests ever
available on disc for checking cartridge, stylus,
and tone arm.
Hum and rumble—foolproof tests that help you
evaluate the actual audible levels of rumble and
hum in your system.
Flutter—a test to check whether your turntahle’s
flutter is low, moderate, or high.
Channel halance — two white-noise signals that
allow you to match your system’s stereo channels
for leve! and tonal characteristics.
Separation—an ingenious means of checking the
stereo separation at seven different parts of the
musical spectrum—from mid-bass to high treble.

R N N N

Stereo Spread

ALSO:

Speaker Phasing

Channe! identification

PLUS SUPER FIDELITY MUSIC!

The non-test side of this record consists of music re-
corded directly on the master disc, without going through
the usual tape process. It's a superb demonstration of
flawless recording technique. A demonstration that will
amaze and entertain you and your friends.

14

NOW...GET THE FINEST

STEREQD TEST
RE COR D ever produced
for justo o .54. 98

Featuring Tests Never Before Available
Outside Of The Laboratory

UNIQUE FEATURES OF HiFi/STEREO REVIEW'S
MODEL 211 STEREQ TEST RECORD

« Warble tones to minimize the distorting effects of room acoustics
when making frequency-response checks.

Warble tones used are recorded to the same level within = 1 db from 40 to
20,000 cps, and within = 3 db to 20 cps. For the first time you can measure
the frequency response of a system without an anechoic chamber.The frequency

limits of each warble are within 5% accuracy.
« White-noise signals to allow the stereo channels to he matched in
level and in tonal characteristics.

« Four specially designed tests to check distortion in stereo cartridges.

« Qpen-air recording of moving snare drums to minimize reverberation
when checking stereo spread,

AllTests Can Be Made By Ear

HiFi/STEREQ REVIEW’s Model 211 Stereo Test Record will give you immediate answers
1c all of the questions you have about your stereo system. It's the most complete test
record of its kind—contains the widest range of check-points ever included on one test
disc! And you need no expensive test equipment. Afl checks can be made by ear!

Note to professionals: The Model 211 can be used as a highly efficient design and
measurement tool. Recorded levels, frequencies, etc. have been controlled to very close
tolerances-—affording accurate numerical evaluation when used with test instruments.

DON'T MISS OUT—ORDER NOW

The Model 211 Stereo Test Record is a disc that has set the new standard for stereo
test recording. There is an overwhelming demand for this record and orders will be
filled by ELECTRONICS WORLD on a first come. first served basis. At the low price of
$4.98, this is a value you won’t want to miss. Make sure you fill in and mail the coupon
together with your check ($4.98 per record) today.

FILL IN AND MAIL TODAY!

Stereo Test Record
Electronics World—Dept. SD
One Park Ave., New York 16, N.Y.

Please send me ___ test records at $4.98 each. My check {or money

! !
i 1
i 1
i 1
i 1
i 1
: 1
i
: order) for $ __is enclosed. | understand that you will pay the postage. |
: (Orders from outside the U.S.A. add 50c to partially defray postage and handling
1 costs) ;
! 1
! 1
: Name (Please Print) :
i
: Address :
]
1
+ City Zone State :
! SORRY--No charges or C.0.D. orders! EW-94 |
: 1

ELECTRONICS WORLD

wWwWWwW americanradiohistorv com
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NOW! get this BIG

this deluxe new
Four-Drawer
FILE CABINET
(with full-drawer suspension)
worth $55.00 —available only
with your purchase of a
PHOTOFACT LIBRARY
consisting of 200 SETS
plus valuable Free extras!

deluxe
. full -

| suspension
feature ;
drawers
open all
the way

Offer for Limited Time Only —Act Now!

of a PHoToFACT Library!

boost your earning power—own and use
the world's finest TV-radio service data

Now, more than ever, it pays to own a PHOTOFACT Library
—the time-saving troubleshooting partner guaranteed to
help you earn more daily. Now, you can start or complete
your Prororact Library the special Easy-Buy way, and
get absolutely FREE with your purchase, the deluxe
4-drawer File Cabinet worth $55.00, plus valuable extras
described below!

OWN A PHOTOFACT LIBRARY THE EASY-BUY WAY:
e Only $10 down ¢ 30 months to pay

e No interest or carrying charges s Prepaid transportation

e Add-on privilege of a year's advance subscription to cur-
rent Photofact data, on the same Easy-Buy contract

e Save 30¢ per Set—special $1.95 price applies on Easy-Buy
(instead of regular $2.25 price)

PLUS: In addition to the deluxe File Cabinet, you get a com-
plete Color TV Servicing Course, 2nd Class Radiotelephone
License Course, Transistor Radio Servicing Course, and Test
Equipment Guide!

4 WAYS TO SELECT YOUR PHOTOFACT LIBRARY

1. Complete your present PHOTOFACT Library

2. Order a PHOoTOFACT *‘Starter”” Library —200
Sets (Sets 401-600—coverage from 1958 to
1963 —only $12.66 per month).

3. Order by brand name and year—see the
handy selection chart at your distributor.

4. Order a complete PHOTOFACT Library —get
FREE File Cabinets to accommodate the
entire library, the Courses listed above, plus
an 8-volume Set of **101 Ways’’ T'est Instru-
ment books worth $18.50.

A PHOTOFACT LIBRARY PAYS ITS OWN WAY—
ORDER TODAY AND GET THE FREE BONUS EXTRAS

See your Distributor for PuoToract Easy-Buy
details or send coupon today! Ask also about
a Standing Order Subscription to current
PHoTOFAcT and Specialized Service Series— DETAILS
FREE File Cabinet also available! (el

GET THE

HOWARD W. SAMS & CO., INC.

Howard W. Sams & Co., Inc. Dept. EWF-9

| 4300 W.62nd St., Indianapolis, Ind. 46206 Q i
I [ Send tull information on Easy-Buy Plan ® :
| My Distributor is: |
: Shop Name :
Attn
| |
] Address |
I city State Zip_ |

CIRCLE NO. 212 ON READER SERVICE PAGE
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BONUS with your purchase
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}LAB TESTED

HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-NTIOUCK LABS

Lahti U-2 Speaker System
RCA SK-46 Microphone

Lahti U-2 Speaker System

For copy of manufacturer's brochure, circle No. 63 on coupon (page 19).

T HE Laliti speaker. manulactured by
Laliti of Ann Arbor, Inc. is a re-
markably cflective solution to the prob-
lem of designing low-cost, ultra-small
speaker systems. The firm's siallest unit,
the U-2. measures onlv 947 high by
1157 wide by 747 deep. occupying one-
half to one-third the volume of most
bookshelf  spcuker systems. The U-2
should fit anv bookshelf with case and.
weighing only about 10 pounds, will not
unduly strain the most frail supporting
stractare.
The U-2 is a [ully enclosed svstem,
using an 8” woofer and a 3”7 cone tweet-
er. with a copacitive crossover at 3000

vrr

eps. The box is constructed of £ chip-
board. with rigid, fully glued construc-
tion.

(Lditor’s Note: We have just learned
that a patent has heen issued on this de-
sign. As shown at the right, the woofer is
front-loaded by an incerted exponential
horn {erminating in a 257 diameter
sharp-edged  radiating opening.  Al-
though front-loading has heen used he-
fore, this has often produced undesired
resonances  or waccform  cancellation.
Because of the igh pressure on one side
of the horn, encrgy is transferred into
space ina uniform radial pattern.)

We measured the frequency response
of the unit with the speaker mounted on
ashelf about 4 feet from the floor, aver-
aging the response curves [rom seven
different microphone locations i the
room. It has an outstandingly smooth
low- and  middle-frequency  response,
within 2.5 db from 100 to 2000 cps.
There is a dip at the 3000-cps crossover
frequency, with a relatively smooth and
strong response maintained all the wayv
up to 13,000 cps. Tts over-all response is
=5 db from 93 to 15,000 cps. which
would be considered excellent response
for a much larger speaker system, It is
interesting to note that Laliti, unlike
most speaher mannfacturers. publishes
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specific frequency response curves on
the U-2. The company claims, with cx-
emplary accuracy, a response of =6 db
from 90 to 12.000 ¢ps in an anechoic en-
viromnent and a typical room response
of 63 ¢ps to 12,000 cps. It is quite pos-
sible that. with corner mounting, the
lower limit could have heen extended to
G5 cps.

The harmonic distortion of the speaker
was, at a I-watt clectrical input level,
about 1% at 180 cps, rising slowly to 6%

SPKR.

INVERTED
EXPONENTIAL
HORN

at 75 eps, and mere rapidly to 15% at 50
eps. However, the output falls off rapidly
below €0 cps, so that there is no boomi-
ness or muddiness from {requency com-
ponents too low for the speaker to repro-
duce. Its output is clean throughout its
useful range and drops to inaudible
levels at lower [requencies.

The high-frequency tone-hurst re-
sponse of the U-2_ tyvpified by the 10-ke.
tone-burst photo, is well-nigh perfect.
Lower [requencies, such as the 700-cps
example, exhibit some ringing. Through-
ont most of its range the speuaker has ex-
ceptionallv good tone-burst response.

The test data indicates that this is a
fine little speaker and listening tests con-
firm this bevond any doubt. Tt has a su-
perbly  bhalanced sound, not favoring
either end of the spectrum, and without
any peakiness or the boxy sound which
often plagues very small speaker systems
(and some larger ones as well). Subjec-
tivelv, it seems to generate an astonishing

ELECTRONICS WORLD
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Tips for Technicians

Mallory Distributor Products Company
A division of P. R. Mallory & Co. Inc.
Indianapolis, Indiana 46206

New Kind of Zener Diode

A zener diode, as you’re probably aware, is a special
kind of semiconductor which has excellent voltage
regulating characteristics. [t’s the solid-state sue-
cessor to the gas discharge tube. It acts like a rec-
tifier diode, blocking current in the reverse direction,
until the “zener voltage’ is reached—then it starts
to conduet with a capital C. The zener diode can
carry appreciable current continuously. So this makes
it a fine regulating device. You can use it in power
supplies where you need highly accurate output. Or
you can use it in clipper or clamper circuits, by
biasing the diode negative.

The big news in zener diodes is that you can now get
them from Mallory at a price which makes them
practical for service work, experimentation, or com-
mercial eireuitry. The news-maker is the new Mallory
Type ZA molded-case diode. Tts electrical properties
and reliability record are comparable to those of
military grade units. In fact, we use the same silicon
cell in the ZA as in the zener diodes we make for

zm military requirements. Bul the price is only about
.----ir--—“ half that of hermetically scaled diodes.

REVERSE VOLTAGE

The ZA is rated 1 watt at 25°C. If you install it in
a hot spot, you can use it at ambients up to 100°C,
lzmisnedCuient momy o BElmzencilicslicoucatin o derating linearly to 0.5 watt. Voltage ratings go from

6.8 to 200 volts, in small increments so that you can
get exactly the regulating voltage you need. Standard
tolerances are 20¢,, 10¢, and 5%,.

Input Vi
o———/\N\/‘ -O You'll like the cold-case design of the ZA. No need

D for insulating sleeves when you squeeze it into tight
I-QJVZ Output layouts. It’s so small-—only 3.” long by 0.220" in
O O diameter——that it fite practically anywhere.

Your Mallory distributor has the Type ZA in a

Typical shunt overvoltage protection circuit using i
zener diodes. Output is controlled between V; and Va. range of ratings. He also stocks Mullory silicon ree-

tifiers . . . including handy packaged doubler, bridge
and center-tap cireuits. See him soon!

September, 1964 CIRCLE NO. 129 ON READER SERVICE PAGE 17
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NORTRONICS
ANNOUNCES...

New Line of Tape Heads!

For true broadcast quality and max-
imum enjoyment from your invest-
ment in tape equipment, replace
worn heads with new Nortronics
laminated core replacement heads!
Available for more than 500 popu-
Jar tape recorders, these moder-
ately priced replacement heads have
highly polished, all-metal faces, and
offer extended high frequency re-
sponse, cven at slower tape speeds.
Other features include deposited
quartz gaps and low-loss core
structures.

ALL TAPE HEADS WEAR OUT!
Check today for head wear—both
Nortronics new replacement heads
and “Quik-Kit™ mounting hard-
ware are correctly matched to your
recorder, and are available from
your Hi-Fi Dealer, Radio-TV Serv-
iceman or Camera Store!

“‘Music sounds best on Tope—
Tope Sounds Best with Nortronics Heads'*

Nortrosicas

8127 Tenth Ave.N., Minneapolis, Minn.55427

= —— |
| Write today for your FREE copy of NORTRONICS_}
| Tape Head Replacement Guide. |
I Name |
I Address S - |
[ City __State |
I lowna Model

tape recorderJ
CIRCTE NO. 242 ON READER SERVICE PAGE
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volume of clean acoustical output, At
moderately high levels, the plastic grille
cloth flaps encrgetically and a breeze
can be felt a foot in front of the speaker,
vet there is no sensation of straining or
distortion.

With its most attractive selling price of

$39.95 in oiled-walnut finish, or $29.95
in unfinished chipboard, the Lahti U-2
(or a pair of them for stereo) can be the
heart of an excellent budget-priced mu-
sic svstem, Its efficiency is moderate and
it can be driven by any amplifier of 10
watts or higher rating, A

RCA SK-46 Microphone

I'or copy of manufacturer’s brochure,

OR many vears, ribbon microphones
have been used in broadcast and
recording applications where high qual-
ity and a directional response character-

istic are required. Broadcast-quality
ribbon microphones, being both bulky
and expensive, have not found wide ac-
ceptance in home-recording and public-
address installations, which usually use
some form of dvnamic microphone. The
RCA SK-46 velocity microphone, over-
coming both size and cost objections, is
aimed at this market.

Most microphones, whether they are
ceramic, dyvnamic, or capacitor tvpes,
respond to the pressure of acoustic waves
impinging on a diaphragm. Such micro-
phones are inherently omni-directional,
but can be converted to a directional
pattern (usually a cardioid) by special
design techniques. The ribbon micro-
phone, on the other hand. is inherently
responsive to the velocity of the sound
waves passing through it from front to

+5

circle No. 64 on coupon (page 19).

back (or vice verse). An extremely light,
corrugated aluminum ribbon is suspend-
ed in the air gap of a powerful imagnet.
The velocity of the air passing over the
ribbon causes it to vibrate in the mag-
netic field, generating a small voltage in
the ribbon itself. A step-up transformer.
usually built into the microphone case.
matches the very low ribbon impedance
(on the order of 0.1 ohm) to a standard
impedance level such as 200 ohms, and
raises the output voltage to a more useful
level.

Velocity microphones are inherently
bi-directional, responding equally well
to sounds from the front or back, but
discriminating against sounds arriving
from either side.

The RCA SK-46 is a compact ribbon
microphone, with over-all dimensions of
5% high by 1%” wide by 1%” deep. in-
cluding a swivel-mounting adapter for
standard %-27 microphone-stand  con-
pling threads. The case is finished in
dark gray, with satin chrome front and
rear screens. The microphone weighs 13
ounces, less cable. A 25-foot, two-wire
shielded cable is attached permanently
to the microphone. As shipped by the
manufacturer, the SK-46 is wired for a
200-ohm impedance, which will match
amplifier or line impedances between
150 and 230 ohms, as well as high-im-
pedance inputs. To obtain a higher out-
put when driving a high-impedance
amplifier input, the transformer within
the microphone case mav be re-wired
for a 15,000-ohm impedance.

We tested the microphone by mount-
ing it about 8 inches in front of a loud-
speaker, on its central axis. A calibrated
capacitor microphone was taped to the
boom so that its diaphragm was in the
plane of the SK-46 screen, as close to it
as possible. Plotting the response of the
speaker with both microphones on a sin-
gle sheet of graph paper, we were able
to determine the response of the test

(Continued on page 61)
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PROFESSIONAL USE ONLY Total Number D

of Requests

NAME (PRINT CLEARLY) TITLE

COMPANY NAME___

COMPANY ADDRESS _

CiTY STATE_ - ZONE

I AM EMPLOYED IN: INDUSTRY [ COMMERCIAL [J COMMUNICATIONS O E
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Please send me additional information on products | have circled.
(Key numbers for advertised products also appear in Advertisers Index.)
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FOR PROFESSIONAL USE: In requesting information on products and serv-
ices listed in this coupon it is necessary to fill out the coupon COMPLETELY,
stating your company, address, and your function or title. If the coupon is in-
complete it cannot be processed.

FOR GENERAL USE: In requesting information on products and services listed
in this coupon, please use only your home address.
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NEW! LAFAYETTE 70-WATT COMPLETE AM-FM

STEREO RECEIVER
Model LR-800 Just Add Speakers and Enjoy FM,

FM Stereo and High-
Quality AM Reception

e A powerful 70-Watt Amplifier plus Complete Preamplifier
Control Facilities plus a Standard AM Tuner plus a Sensi-
tive FM Tuner plus an FM Stereo Tuner—all on One Com-
pact chassis

50 e Amazing FM “Stereo Search” Circuit Signals Presence of
: Stereo Broadcasts

3 . H i d" d HHTH

» with case e Tuned Nuvistor “Front End” Provides Greater Sensitivity,

Lower Noise, Less Heat
e Bar-Type Tuning Indicator for AM and FM
99-0005WX e Variable AFC Control e Imported

NEW! LAFAYETTE @riterion®1000- PROFESSIONAL
4-TRACK SELF CONTAINED STEREQ
TAPE RECORDER

featuring  MAGNIFICENT TEAK CABINETRY

Plays 2- and 4-Track Stereo and 4-Track
Monaural

Records 4-Track Stereo and Meonaural

y 3-Speeds: 1%, 3% and 7%z ips

6 Pushbutton Tape Motiagn Controls
Records Sound with Sound

Automatic Shut-off Electrically and
Mechanically Returns Recorder to Stop
Position

Transistorized Stereo Preamplifiers
Complete with 2 Dynamic Microphones,
99-1501WX Cables, 7" Take-up Reel e Imported

20 ELECTRONICS WORLD
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LAFAYETTE

RADIO ELECTRONICS
1969 Catalog No. 650

Over 500 Pages—Featuring
Everything in Electronics for
HOME ¢ INDUSTRY ® LABORATORY

from the
"World’s Hi-Fi & Electronics Center’’

e Stereo Hi-Fi—all famous brands plus Lafayette's own
top-rated components

Citizens Band—transceivers, Walkie-Talkies and
accessories

Tape Recorders e Ham Gear

Test Equipment

Radios, TV’s, and Accessories

P.A. Equipment; Intercoms

Cameras; Optical Goods

Marine Equipment; Auto Accessories

Musical Instruments; Tools; Books See the Largest Selection in

and MUCH MORE 5 Histor
BUY ON TIME—Use Lafayette’s famous Easy-Pay Credit plan Our 44-Y ear y

. up to 24 Months to Pay

'MAIL THE ATTAGHED CARD OR THE COUPON BELOW FOR YOUR FREE 1985 CATALOG

LAFAYETTE 12-TRANSISTOR NEW! LAFAYETTE ALL-TRANSISTOR NEW! LAFAYETfErﬁ-TRANS.STOR
C.B. WALKIE-TALKIE Model HE-100 C.B. “WALKIE-TALKIE” Model HA-70  C.B. WALKIE-TALKIE Model HA-85
=y

95 | ok 95 v

2-for- 78.88 2-for-42.75

e Variable Squelch '
Reduces Back-
ground Noise

o Separate Micro-
phone and
Speaker for
Better Modulation

e Transmits and \
Receives up to {
o Great Fun for Kids 1 Mile
too! At a Price Every- ._ ndnein o Crystal-Controlled
one Can Afford . b= - Transmit and

and Increased Range e lIdeal for Picknicking, Receive
« Optional Plug-in 117 Fishing, Hunting, Camp- o 6 Transistors plus 2
Volt AC Power Pack ing, etc. Diodes

o Complete with Tele-

o With Leather Case, P
scoping Antenna, Trans-

Earphone, Telescoping

o Complete with Leather
Carrying Case,

Antenna, Batteries, gllit Crystal, Battery, : Earphone, Telescoping
Crystals for Channel i astic Carrying Case - Antenna, Batteries, Pair 99-3013
10" e Imported 99-3022 ¢ Imported 99-3011 of Crystals e Imported

r----/--------------

LAFAYETTE RADIO ELECTRONICS LAFAYETTE RADIO ELECTRONICS

i De
- pt., R14-1 . P.0. Box 10
.Mall Order' and L.I. Sales Center | Syosset, L. I, N. Y. 11791
111 Jericho Turnpike Syosset, L.I., New York I
New York, N.Y. Scarsdale, N.Y. . Boston, Mass. [J Send me the FREE 1965 Lafayette Catalog 650
100 Sixth Ave. 691 Central 584 Commonwealth
Jamaica. MY (Park) Ave. Ave. | os$. (T fr)clc')s%d;sshe_nd.me o ) ........... :
amaica, N.Y. g rices do not include shipping charges).
: Newark, N.J. Natick, Mass.
165-08 Liberty Ave. 24 Central Ave. 1400 Worcester St. IName
Bfﬂﬂklyn, N.Y. Paramus NJ NEW! .....................................................................................................
1e 17 NEW YORK CITY
2265 Bedford Ave. 182 Route 17 STORE! BAAAreSS oo e
Bronx, N.Y. Ptainfield, N.J. WATCH FOR |
542 E. Fordham Rd. 139 w. 2 st. OPENING SOON! City o State ... ... Zip o
h------------------
Sepiember, 1964 CIRCLE NO. 194 ON READER SERVICE PAGE
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NEW! LAFAYETTE 23-CHANNEL CRYSTAL-

CONTROLLED DUAL

Efficient, dependable 2-way communications in any
fixed or mobile application is assured with this
rugged, new 5-watt CB transceiver. A military-
type frequency synthesizing circuit makes it pos-
stble to transmit and receive over the full range of
23 channels with crystal-controlled accuracy—no
extra crystals to buy and install! Advanced Range-
Boost circuit can be used to iricrease sideband power
during transmission—lets you get through when
noisy conditions make reception of your signal
difficult!
Highly efficient circuit design
uses 13 tubes (including two
nuvistors) and 8 diodes to pro-
vide top performance under a
wide range of operaling con-
ditions.  Dual-conversion re-
ceiver offers high .3 uv sensi-
tivity and low noise, plus ex-
cellent adjacent channel rejec-
tion. Includes every needed fea-
ture for optimum reception—
crystal-controlled ““fine tuning”
capability on all channels of
+2.5 Ke (Delta Tuning), high-
efhiciency variable noise limi-
ter, variable squelch. and
Automatic Volume Control.
Also included is an illumi-
nated meter which indicates
relative RF power output or
received signal strength in
“S” units. and plug-in facil-
tties for the Lafayette PRIVA-
COM selector call unit.
Operates in a fixed or mobile location with equal
case . . . has built-in power supply for either 117V
AC or 12V DC. Specially designed "Vari-Tilt”
mounting bracket simplifies mobile installation—
permits fast removal of the transceiver too! And,
there’s nothing else to buy—you get all crystals
and a built-in vibrator for 12V DC. plus 2 power
cables. Measures a compact 12"Wx5”Hx10”D (in-
eluding controls and plugs at rear). Imported.
Model HB-100.

99-3001WX 16950

CONVERSION 5-WATT
CB TRANSCEIVER

WITH
ADVANCED "RANGE-BOOST"
CIRCUIT

Model HB-400

¥ Meets All FCC Requirements
~ Precision-Engineered and Ruggedly Built For Reliable 2-Way Radio
Communications

B Frequency Synthesized Circuit Provides 23 Crystal-Con-
trolled Transmit & Receive Channels—No Extra Crystals to
Buy! B Continuous One-Control Channel Tuning B Full 5-
Watt Input B Push-To-Talk Microphone & Electronic Switch-
ing M Dual Conversion Receiver With 3/10 uv Sensitivity
B Delta Tuning Offers “Fine Tuning” of *2.5Kc on Receive
B Variable Squelch, Variable Noise Limiter, AGC B Built-in
117V AC & 12V DC Power Supply B “Vari-Tilt"” Mounting
Bracket for Easy Mobile Installation B Plug-in Facilities For
Lafayette Selective Call Unit

ADVANCED “RANGE-BOOST" CIRCUIT

Increases Your Effective Range—Lets You Get Through When Others Faill

CONVENTIONAL

Want to effectively increase your range?
You can—with Range-Boost! A simple

tumn of a switch on the HB-400 in-  ayerage Percent /1711

creases the average percentage of mod- e of Modulation
ulation and lets your voice cut through  [¢"Lower

QRM and noise to reach further . . .

gives you more “talk-power” when you

need it—without overmodulating!

24

Average Percent- 17
age of Modulation |

is  Higher—Side-
band Power is In-
creased

ELECTRONICS WORLD

www americanradiohistorv com


www.americanradiohistory.com

NEW! LAFAYETTE ALL-TRANSISTOR DUAL
CONVERSION 5 WATT CB TRANSCEIVER

FEATURING If you're looking for a high-performance CB trans-

AUTHENT'C MECHAN'CAL ceiver in a.small, compact _size, you"ll want th'e
FILTER HB-500! Using advanced solid-state circuitry, this

transceiver offers full 5-watt performance, yet is

small enough to fit conveniently into the most com-

pact car. And, battery drain is so low as to be

negligible—the transceiver draws no more than

MOdeI HB-5OO .35 amps on receive, .85 amps on transmit. As a
result, you need nejther heavy-duty battery nor

generator—an important ad-
vantage in mobile applications!
The transmitter features full
crystal control on any 12 of
the 23 CB channels. Dual con-
version receiver with better
than .5 uv sensitivity offers 12
crystal-controlled channels,
: ; _ plus full 23 channel tuning

SEETEEPEI capability. A 455 K¢ mechani-
I A g cal filter provides ultra-sharp
receiver selectivity—virtually
eliminates adjacent channel
interference! Other features
include an efficient Automatic
: - Noise Limiter, variable Squelch
T— v ! - : for silencing the receiver on
standby, spotting switch for
exact frequency location on
tunable receiver, “S” meter
and illuminated channel dials.
This rugged transceiver offers
instantaneous, cool - running
operation and features printed
circuit, all-transistor -design. Equipped with mobile
mounting bracket, push-to-talk dynamic microphone,

Small, Compact . . . Measures Only 117, "Wx6'%""Dx3"H. crystals for operation on channel 12. Operates on

Low Current Drain . 350 ma on Receive, 850 ma on Transmit. 12\{ DC (neg. Or pos. ground) or on 117V AC with
optional solid-state power supply. Imported.

B 12 Crystal Transmit Positions plus 12 Crystal Receive Posi- Model HB-500.

tions @ 23 Channel Tunable Receiver with Precise Yernier

Tuning m Dual Conversion Super-heterodyne Receiver B 15 13950

Transistors, 3 Diodes, 1 Zener Diode plus 1 Thermistor @ Zener x

Diode Voltage Regulated Receive Oscillator for Superior e e
Frequency Stability g Dependable Sealed Relay Switching

W Automatic Noise Limiter g Variable Squelch g For 12

Volt DC Mobile Operation (Negative or Positive Ground) or

for 117V AC Operation when used with Matching Solid State

AC Power Supply (Optional) m Meets All FCC Regulations
Part 95

HIGHLY SELECTIVE MECHANICAL Model HB-501 Solid State AC

Power Supply
oo FILTER
- With CB channels only 10 Kc apart, . .
selectivity is importanti In the HB-500, Matching solid state AC power supply
ultra-sharp selectivity is achieved hy for HB-500 for fixed station operation
¢ means of a true mechanical bandpass (at home, business office). Transceiver
i filter in the 455 Kc IF section. At 10 rests on power supply to form attractive
Kc on either side of the center fre- integrated unit. Size 11%x6'%x3"%,".
quency, the filter provides 60 db of Imported
f attenuation — an extremely high re- '
2 jection ratio that assures complete
e ® o roxe adjacent channel rejection! 99-3028 ... e . Net 16.95
September, 1964 CIRCLE NO. 194 ON READER SERVICE PAGE 25
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post-injected markers
—do not distort response
—are not diminished by traps

e

EICO 369 tv-fm sweep & post injection marker generator

With the 369, circuit response is not affected by markers and markers are not
atfected by circuit respunse. The 369 feeds only the required sweep signal to
the input of the cireuit being aligned or tested. At the output end. a demodu-
lator cable picks off the sipnul and freds it to a miser stage inside the generator,
where the markers are added. The combined SIL.ILII is fed o the osullmcopu
This means that circuitry under test or alignment is not atfected by the marker
signal. and that traps in the circuitry will not reduce or climinute the marker.

The EICO 369 has a controlluble inductor sweep circuit—all clectronic, with no
mechanical parts (o wear and give trouble later. The sweep generator is inde-
pendent of the marker generator. It has five ranges: 3.5—9 mer 7.5—19 mc;
16—40 me; 3285 mc and 75216 mc. All tive ranges are fundamentals; tuning
to the desired center {requency is simplitied by a 6:1 vernicr dial and a 330°
scale. Output impedunce is 50 ohms. Retrace blunking is obtained by both di-
rect gnd cut-off and indirect B - cut-off (via the AGC chain) of the oscillator
with a blunking tube that conducts during the nepative eacursion of the 60 ¢ps
sine sweep. A three-stage AGC circuit heeps the level of the swept signal con-
stant over its ¢ntire frequency range, even when the widest sweep width of 20
mc¢ is being used. A phasing control at the rear of the E1CO 369 wdjusts perma-
nently the horizontal sweep signal fed to the scope.

The marker generator in the EICO 369 has 4 ranges covering 2—225 mc. The
highest range, 60225 mc. is the third harmonic of the next lower range. All
other ranges are fundamentals. Frequency setting is simpliticd by a 6:1 vernicr
dial and a 330° scale, As a rapid check of marker generator alignment a 4.5 me
crystal is supplicd with each generator, When plugged into a front pancl
socket it automatically turns on a fixed frequency marhker oscillator, The 4.5
me signal produced by this oscillator is mixed with the variable frcqmncy
marker. The 4.5 mc crystal is used also for alignment of sound circuitry in
TV Receivers.
The demodulated wave form with the post injected marker is fed to the
vertical input of the *scope”. and the horizontal sweep to the horizontul
input of the “scope” through one shiclded two-conductor cable. Scparate
level controls for trace size and marker size on the
front puncl can be used independently, Kit $89.95;
Wired $139.95

EICO ELECTRONIC INSTRUMENT CO,, INC,,

26 CIRCLE NO. 178 ON READER SERVICE PAGE

A 5 PUT THE BEST ON YOUR BENCH

EICO 667 dynamic conductance tube and
transistor tester will earn money for you by catch-
ing the bad tubes an emission tester would miss.
% The EICO 667 combines a mutual conductlance test
with a peak emission test to give a single reading of
tube quality. Bad transistors can be spotted casily.
Guin and leakuge tests will find the defective ones.
TESTS ALMOST EVERY DOMESTIC OR FOREIGN RECEIVING TUBE MAOE. The EICO
667 checks 5 and 7-pin Nuvistors; 9-pin Novars; 12-pin Compactrons; 7,
and the new 10-pin mintatures: 5. 6. 7 and 8-pin subminiatures; octals and
loctals. It will also check many low-power transmitting and special purpose
tubes. voltage regulutors, cold-cathode regulators, electron ray indicators. and
ballast tubes. And by inserting pilot lamps into the special output in the center
of the Novar socket you get an instant good-bad test of these lamps.
TESTS MADE UNDER ACTUAL TUBE OPERATING CONDITIONS. When one section of
a multi-purpose tube is being tested. all sections are drawing their full rated
current, Pentodes are tested as pentodes rather than combining all the clements
for a simple emission check. Leakage between tube clements s read directly
on a 4'2-inch meter in ohms.
TRANSISTORS CHECKED IN TWO STEPS. First for lcakage, then for beta or current
amplification factor. Both are read directdy off the meter dial and both n-p-n
and p-n-p transistors can be checked. Price, $79.95, kit; $129.95. wired.
Tests all Color, B & W CRT's—70, 90 and 110°!
EICO CRU universal crt test adapter—Ncw CRT adupter for models 667
and 628 has 12-pin socket for 70° and carly 90° deflection black and white
tubes. Three additional back-to-back plug-socket adapters for 7- and 8-pin
90 and 110° and color CRT's. Adaptable to many other tube testers, Wired $9.95
Write for Free catalog to Dept. ., -

131-01 39th Avenue, Flushing, N.Y. 11352

EXPORT: ROBURN AGENCIES INC,, 431 GRLENWICH STREET, N.Y. 13, N. Y.

Add 5% in West.
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INTEGRATED

CIRCUITS

By LESLIE SOLOMON / Associate Editor

Electronic circuits are

becoming microscopic

in size. We can now

make multi-transistor

units small enough to pass
through the eye of a sewing
needle. Here are the details

of how these devices are made.

NTEGRATED circuits are the result of reducing the size
and weight of active and passive electronic components
almost to the vanishing point. In fact, it becomes pos-

sible to incorporate a multi-transistor circuit consisting of
28 active (transistor and diode) and passive (resistors and
capacitors) components in an arca the same size as the letter
“O” in this type face.

It is also a big business, and will be even bigger as time
goes by It has been estimated that by 1973 the dollar
volume of integrated circuits may reach between $300 mil-
lion and $1500 million. In one forecast made by some mem-
bers of the electronics industry, the figure of $700 million
volume by 1973 has been mentioned.

Integrated circuits can also save considerable money for
the electronics industry. Patrick E. Haggerty, president of
Texas Instruments, Inc., recently stated that by 1973 every
one-billion dollars worth of conventional circuitry can be re-
placed by a half-billion worth of integrated circuitry for a
potential saving of 50% to Government, industrial, and con-
sumer users. Mr. Haggerty also stated that further economies
in hardware, chassis construction, and wiring will save many
millions in each of the three markets.

By 1973, Mr. Haggerty estimates that the potential value
of conventional circuits that technically could be replaced
by integrated circuits could run to $2440 million for Govern-
ment, $1330 million for industrial, and $650 million for con-
sumer users.

According to Herman Failkov, vice-president of General
Instrument Corp., the estimated usage of miniaturized pack-
age asscmblies should increase from $75 million in 1964 to

September, 1964

about $250 million in 1968. At the same time, the estimated
usage of monolithic integrated circuits will go from $50 mil-
lion in 1964 to about $350 million in 1968.

When will these small circuits see wide use in consumer
electronics? Here, all experts agree that the cost of the inte-
grated circuit is the determining factor. Size will not play
an important role at this time. The size differential between
vacuum-tube devices and the transistor-printed circuit de-
vices was great. The size differential between transistor cir-
cuits and integrated circuits will not be as great because the
final size is dependent on the size of the other components
that go into making up a radio or TV sct.

Dr. Robert Noyce of Fairchild Camera and Instrument
Corp. claims that the crossover point in the relative price of
conventional and integrated circuits has been reached. The
price of a certain transistor, as supplied to a military con-
tractor, is between $3 and $5 in small quantities, while in
quantities of 50,000 or more, the price goes down to 75c¢ to
$2. Dr. Novce also stated that typical integrated circuit prices
are alout $4 per transistor in small quantities, but in quanti-
ties over 50,000 they have gone down to under $1 per transis-
tor, although $1.50 to $1.75 is average. Dr. Noyce pointed
out that savings apply mostly to digital systems where most
of the development has taken place. Low-usage integrated
circuits, linear circuits in particular, are still more expensive
than their conventional counterparts.

Cost per circuit is very important in the use of integrated
circuirs, A typical monolithic circuit starts with a set of masks
costing up to several thousand dollars, depending on the
complexity of the circuit. The actual silicon wafer cost is
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about $10 and between 100 and 400 separate chips can be
made from a single wafer. Because of the many things that
can go wrong during the manufacturing process, the yield
of operating chips can be anywhere between 10 and 50 per-
cent of the number available from a wafer. Other manufac-
turing processes, such as testing and mounting the wafer in
its final holder, also add to the cost per unit.

There is another problem with consumer electronics.
Where one manufacturer has a desire for a particular circuit,
another will want to use his pet circuit. This means that
separate integrated circuits would have to be made for each
of these manufacturers, thus increasing unit price. Standardi-
zation of some circuits such as audio amplifiers may have to
be arrived at to reduce the price of these units. Conservative
estimates are that integrated circuits will start arriving in
the consumer field in quantities some time within the next
4 to 3 vears, probably starting with the larger manufacturers
who have both integrated circuit facilities already in opera-
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tion within their corporate structure and a radio or TV set
manufacturing facility.

Several steps in introducing integrated circuits to the con-
sumer market have already been tuken. Westinghouse Elcc-
tric Corp., for example, has demonstrated an experimental
integrated circuit radio about half the size of a man’s finger.
Recently, Motorola unveiled a 120-me. transceiver, designed
for the Air Force, and shown in Fig. 1. This unit uses 29
separate mountings, some containing monolithic circuits,
some with thin-film components, while others mount dis-
crete components.

Examples of monolithic integrated circuits contained
within the transmitter-receiver include a 120-mec. r.f. ampli-
fier and four 12-me. i.f. amplificrs. This prototype unit weighs
15 oz., has a receiver sensitivity of less than 1 pv. and a trans-
mitter power output of 50 mw.

A microelectronic if. amplifier (shown in Fig. 2) has
been developed by General Instrument Corp. with a cen-
ter frequency of 25 mec., a gain of 70 db, and a bandwidth of
2 me. This unit can be used with center frequencies to 60 mc.
This unit uses several multi-chip circuits, each packaged in
a TO-5 can. The amplifier features 70 db of a.g.c. range and
several such stages can be cascaded.

Probably the first section of consumer electronics to take
advantage of integrated circuits is the hearing-aid manufuc-
turers. Using a 6-transistor plus passive elements silicon chip
fabricated by Texas Instruments, the Zenith hearing-aid
monolithic circuit (shown in Fig. 3) is so small that 10 of
them can be stacked in the space the size of the head of a
conventional kitchen match. The entire hearing aid weighs
one-quarter of an ounce with the battery. Of great importance
is the fact that the use of an integrated circuit offers as
much as 500% greater reliability over previous hearing-aid
circuits.

At the present time, the biggest users of integrated cir-
cuits are those concerned with the logic elements as used in
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Evolution of a monolithic circuit. (A} Circuit of @
diode-transistor logic gate as it comes from the circuit
designer. (B) The circuit redrawn to desired mechan-
ical layout to satisfy package connections. (C} Over-
all mask layout. Each layer of completed circuit has
its own mask. Note the 10 metal connection lands
around perimeter. (D) Skilled artists draw individual
masks many hundreds of thousands of times larger
than life, (E) Advanced photo techniques are used to
lay out optically reduced mask. (F} The final mask for
one layer. Each dot on the screen represents the origi-
nal mask greatly reduced. There will be a separate
mask for each layer of the compieted circuit. Sections
of wafer showing (G) isolation diffusion, {H) base dif-
fusion, (I} emitter diffusion, (J} pre-ohmic etch, and
(K) aluminum metalizing. IL) Monolithic circuit ready
to be mounted in flat ceramic package. (M) This is the
way the customer gets the actual circuit shown in (A}

digital computers and other data processing devices. This is
because the large number of identical circuits needed in these
computing devices makes maximum use of a single set of cir-
cuit masks and the associated manufacturing operations, thus
reducing the cost of each discrete chip.

Types ol Integrated Cireuits

Todayv’s integrated cireuit technology involves two buasic
processes—thin-film techniques, in which passive components
(resistors and capacitors) are deposited as lavers of mate-
rials on an inert substrate; und a semiconductor technique
{monolithic) where both active and passive components are
formed on, or in, a tinv chip of semiconductor material.

Because of the limitations imposed bv each approach (for
example, thin-film pussive components must be used with out-
board semiconductors conpled to the thin filns; and with
monolithic circuits once a resistor or capacitor is formed. it
cannot be changed for experimental reasons), a third ap-
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proach is being used. This method has various names, but
generallv the term “hyvbrid” or “multi-chip” circuit is used.
These hyvbrid circuits are often used during experimental
development so various resistors, capacitors, and semicon-
ductors making up the test circuit can be changed. Thev are
also used when parts values that cannot be obtained with
monolithic techniques must be used. Each tvpe of circuit,
and how thev are fabricated, will be discussed.

Monolithie Cireuits

A monolithic integrated circuit is one in which more
than one electrical component is tabricated and intercon-
nected as a single, solic-circuit element. As previously stated,
it is possible, using modern electrochemical technigues, to
fubricate a relatively complex circuit incorporating several
forms of semiconductars and their associated resistors and
capacitors on a common substrate that is itself a semicon-
dnctor material, such as silicon.
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An enlarged photo of such a device, manufactured by
Sylvania, and containing 28 active and passive components,
is shown in Fig. 4. The individual circuit chips shown on the
cover will give an idea of the final size of these extremely
small devices.

The basis for the creation of a monolithic circuit is the
chemical process known as “diffusion.” In its simplest terms,
diffusion is very similar to ordinary wood staining. If the
surface to be stained (diffused) is cleaned, and a suitable
mask containing a desired shape cutout is placed over the
area to be stained (diffused), then application of a stain
(diffusing chemical) to the mask will produce the desired
stained (diffused) area.

The monolithic circuit starts with the growth of a high-
purity silicon crystal, by placing a seed crystal into molten
silicon and slowly withdrawing it under precise control to
form a single crystal about six inches long and about one
inch in diameter. The crystal can be grown with impurities
to make it either a p- or n-type crystal.

Germanium integrated circuits are almost non-existent due
to the technical difficulties in producing the necessary later
diffusions und passivating layers suitable for supporting the
metal film circuit interconnects or thin-film passive elements.

The long silicon crystal is then sliced with a fine dia-
mond saw into many thin wafers, each about 12-thousandths
of an inch thick. The wafer is lapped flat and chemically
etched to form a smooth, shiny surface. The finished wafer is
about .005 of an inch thick and about one inch in diameter.

Masking

The masks, used to cover the desired sections of the sili-
con chip for the various diffusion processes, are made many
thousands of times larger than “real life” by skilled artists.
The lead photo shows an artist preparing one such mask
that will be reduced 250,000 times in size before it reaches
working proportions. Advanced photolithographic techniques
are used to reduce each mask down to the size where about
400 of them can be formed in the space the size of the silicon
wafer (about as big as a 25¢ piece).

One mask is used to create each laver in the silicon sub-
strate. Depending on the complexity of the circuit, up to 20
masks may be used to create a particular circuit.

Components

By proper arrangement of the various diffusion lavers, it
becomes possible to create transistors, diodes, resistors,
and capacitors, each working because of the differences ex-

isting at the interfaces between the various diffused layvers.

Starting with the silicon wafer, the lavers are diffused to
the required depth and shape by the desired p- or n-type dif-
fusion. Other masks, used to apply either other diffusions or
a silicon-dioxide insulating layer, are then used until the final
components are made.

A cross-section view of a conventional planar transistor,
such as made by Fairchild Semiconductor, is shown in Fig.
5A. This transistor consists of a p-tvpe base and an n-+ emit-
ter diffused into n-type bulk material (wafer). Many transis-
tors can be made on the same wafer, but they will all share
a common collector circuit.

An integrated circuit transistor of the same type is shown
in Fig. 5B. Here, the collectors are electrically separated
from each other by an additional p-tvpe diffusion which re-
sults in an additional diode, called the isolation diode, tied
to the collector of each transistor. When these isolation diodes
are reverse biased, the collectors of the individual transistors
are isolated from the other circuit elements. Since the isola-
tion diode anode covers the hack surface of the entire wafer,
collector contact must be made at the top as shown in Fig. 5B.

Integrated-circuit diodes of three basic types may be ob-
tained from a transistor-tvpe structure. The common-cathode
configuration is shown in Fig. 6A. Common-anode arrays can
also be fabricated as shown in Fig. 6B. Diodes mav also
be formed by using a multiple emitter transistor arrangement.

Integrated-circuit resistors are generally obtained in one
of two basic ways. One method is to arrange patterns of re-
sistive thin-film material on the surface of a substrate, making
intraconnections as required. The other method lies in using
the bulk resistivity of one of the diffused areas in a similar
manner. In either of these cases, the resistance value ol-
tained is proportional to sheet resistivity and pattern length,
and inversely proportional to pattern width.

A cross-section view of a diffused resistor is shown in
Fig. 7. The resistor consists of a long, narrow region of p-
type base diffusion in what is normallv an n-tvpe collector
area. The resistor thus formed has distributed diode proper-
ties as well as linear resistance characteristics.

When a positive voltage is applied to one end of the re-
sistor, that end of the p-n junction becomes forward biased,
allowing just sufficient current to flow to supply reserve leak-
age current to the back-biased isolation diode. The remainder
of the resistor p-n junction remains reverse-biased since all
the n-type matcrial is at essentially the same potential. Prac-
tical resistance range is 20 to 20,000 ohms.

As with resistors, integrated-circuit capacitors may be ob-

TOP LEFT

Fig. 1. This 120-mc. transceiver
designed by Motorola, uses
a combination of monolithic,
thin-film, and discrete devices.

TOP RIGHT
Fig. 2. Microelectronic i.f. amp-
lifier by General Instrument

Corp. has center frequency of
25 mec. and bandwidth of 2 mc.

BOTTOM LEFT

Fig. 3. Tiny hearing aid by
Zenith uses monolithic circuit
made by Texas {nstruments. The
match shows amplifier size.

BOTTOM RIGHT

Fig. 4. This monolithic circuit
is made by Sylvania and con-
tains 28 active and passive
electronic components. Size of
this device is smaller than
the letter ‘O’ of this type.
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Fig. 5. (A) Construction of a conventional planar transistor.
(B) Construction of an integrated circuit planar transistor.

tained through cither thin-film or junction (diffusion) tech-
niques. Generally, these will be an emitter-base junction or
metal-oxide silicon (MOS) types.

Several examples of junction types are shown in Fig. 8.
Junction capacitors are inherently voltage dependent and
must be used in the back-biased, or non-conducting condition.
The back-to-back configuration shown in Fig. 8B insures this
bi-polar operation.

A collector-base junction can be used by itself or in par-
allel with the base-emitter junction for a capacitor such as
shown in Fig. 8C. However, due to the high series resistance
and the high relative shunt isolation capacitance at the col-
lector, this tvpe of capacitor is impractical.

Fig. 8D shows two types of metal-oxide-semiconductor
(MOS) capacitor structures. The electrodes, separated by the
thin oxide layer, are obtained by using a heavily doped dif-
fused region and a surface film of metal. The capacitance
value, and voltage breakdown, are determined by the thick-
ness of the SiO, layver separating the two plates.

Once the wafer has been treated so that all the individual
circuits are complete, it will contain up to several hundred
individual monolithic circuits (chips). A close microscopic
inspection of the wafer may show that many chips may have
faults due to pinhole imperfections, improper diffusion, or
some other flaw that will make the cirenit inoperative. These
faulty cirenits are marked for later removal.

The wafer is then cut into individual chips using a glass-
cutting technique. A diamond scribe is used to make the fine
separation scratches on the wafer between the individual cir-
cuits. The wafer is then mechanically separated along these
lines into uniform square dice,

The dice are then thoroughly cleaned, dried, and inspected
once again for defects. Each die is then mounted to its par-
ticular header using a high-temperature alloy. The header
connector leads are then spot-welded to their connecting
points. Following this lead welding, a final optical inspec-
tion is made to gnarantee that the circuit has not been dam-
aged. After this inspection, the circuit is then closed up in
its mount and tested for electrical characteristics.

Thin Films

The major difference between thin-film circuits and con-
ventional printed circuits is one of thickness. Although a
printed circuit uses so-called microminiature components
soldered to wiring plated on the insulating substrate, this
tvpe of circuit is still some large fraction of an inch in
thickness.

Thin films, on the other hand, are coatings whose thick-
ness can be measured in microns, making them far thinner
than a human hair. These thin-film coatings can be fabricated
from various chemical elements to form resistors and capaci-
tors of various values, Althongh being produced in laboratory
experiments, active clements such as transistors, diodes. and
other semiconductors are not presently availuble in thin films.
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When they are to be used, separate, discrete, extremely small
active devices can be mounted to the thin-film circuit.

A simple analogy of one of the processes commonly used in
the manufacture of thin-film components and circuits is the
deposition of an extremely thin laver of soot on a glass using
the smoke from a candle flame as the source of soot. If some
geometric shape is placed on the glass surface facing the
candle flame, then this shape will be outlined in soot.

If, instead of a candle, various chemical elements were
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Fig. 6. (A) Construction of o common-cathode pair of diodes.
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Fig. 7. How a monolithic circuit diffused resistor is made.

Fig. 8. Junction capacitor structures. (A) Emitter-base junc-
tion. (B} Emitter-base junction, back to back. (C) Emitter-
collector-base junctions in parollel, (D) Some monolithic
circuits use o metal oxide semiconductor type of capacitor.
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Fig. 9. Typical example of a hybrid circuit made by General
Instrument Corp. Eight separate chips are used on this unit.

burned so that their “soot” was deposited on the substrate,
then the “shadow™ of the shielding shape, having the chem-
ical characteristics of the chemical burned, would result. If
the deposited chemical “soot” has a certain resistance value
per unit area, then the resultant deposited shape would have
a resistance dependent on its shape. By varving shape and
areas of the deposition, different values ol resistance could
be obtained. If, on the other hand, a metallic laver were
deposited on the insulating substrate, and then this laver
were covered by a thin insulating laver, and then another
metallic layver were deposited directly over the first one, it
becomes possible to create a capacitor having very thin di-
mensions, whose capacitance value is a function of the mutual
area between the metallic lavers. In such cases of thin-flm
components, the insulating substrate acts onlv as a mechanical
support.

Besides resistance and capacitance, it is also possible to
fabricate a thin-film inductor by forming a spiral of conduc-
tive material. Because a large number of turns is required to
make a significant inductance value, and since the thin-filin
coating itself has some resistance, a very low “Q” results
for inductors with values much over 1 to 2 phy. When large
values of inductors are required in some applications, special
microminiature units are mounted on tiny substrates.

Deposition of thin films is accomplished by the transporta-
tion of matter from a heated evaporation sonrce to a conden-
sation surface (substrate) in a vacuum. Because the electri-
cal purameters of thin-film components depend largely on
their geometries, the masks used to shape these components
are made many times oversize so that they can be made clean
and sharp edged. They are then reduced to their final size
using high-resolntion photo techniques.

At present, ouly passive components are being fabricated
using thin-film techniques. Some transistor-like devices and
other semiconductors are being made in the laboratory.
Microminiature transistors and diodes, 28-thousandths of an

Fig. 10. The actval circuit of Fig. 9. Two different types
of transistors are used so that this circuit must be hybrid.
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inch square, have been fabricated by IBM for the use in the
System /360 data-processing system.

Besides resistors, capacitors, and certain tyvpes of inductors,
other types of thin-film components are heing manufactured.
Thermocouples nsed to monitor temperature rise in a lubri-
cating fluid have been deposited on a paper base for use in
narrow spaces; lubricating films have been deposited on
fused quartz to evaluate the potential of thin-film lubricants:
and thin-film aluminum coatings are being applied to various
optical devices such as lenses and mirrors.

Hybrid Circuits

Although the monolithic, or fully integrated microcireuit,
in which all the components share and are interconnected on
a single common substrate, has revolutionized many areas of
circuit design, it is not universally applicable to all problems
under all circumstances. In the present state of the art, the
monolithic circuit has certain disadvantages.

One technical limitation to the frecdom of design of these
circuits is the problem of either physical or electrical in-
teraction of components sharing the same common substrate.
In a monolithic circuit, where a large number of components
share a common substrate, the substrate material must of
necessity be a compromise between the ideal or optimum
characteristics for the necessary circnit resistors, capacitors,
transistors. diodes, or other semiconductor devices. The sub-
strate material may be ideal for one component but far from
ideal for another. It is also possible to have heat-sensitive
components sharing the sume substrate as a heat-prodncing
component. This can compromise circuit operation. Also, in
many cases some circuit values may be required that cannot
be obtained with monolithic techniques. For example, practi-
cal indnctors have not been made in monolithic circuits as vet.
If a circuit requires an inductor, then either a thin-film one
or a tiny lumped inductor must be affixed close to the mono-
lithic circuit (on the same header) and interconnected into
the microcircuit.

Becanse hyhrid or multi-chip circuits are essentially an
assembly of discrete tinv components. thev are ideal for small
production runs where costs are of great importance. They
are also used for circuit evaluation and testing before heing
made In monolithic form. In the hvbrid configuration, it is
relatively easv to change components to suit circuit changes.

Although hybrid circuits are composed of an assembly of
thin film and possibly tiny discrete components, they are not
phvsically large. In fact, theyv usually occupy the same size
mounting package as a monolithic circuit.

One such hybrid circuit is the NCS-390 complementary
flip-Hop made by the General Instrument Corp. and shown in
IFig. 9. This basic computer counting device has the circuit
shown in Fig. 10 and is .373-inch square. Because two dif-
ferent types of transistors were required by this circuit, and
under present techniques both cannot be laid down on the
same silicon wafer, this flip-flop uses the hvbrid construction.
It includes eight separate microminiature chips including four
transistors (2 n-p-n and 2 p-n-p). two diodes, and two resis-
tor-capacitor networks. The smallest chip used is 20-thou-
sandths of an inch square. As with all hyvbrid circuits, various
component chips (circuit values) can be changed as desired.

The cight chips are interconnected on an alumina (cera-
mic) wafer by pure gold wires, each 10-thousandths of an
inch wide (less than one-tenth the diameter of a human
hair). Each silicon chip is alloyved to the interconnecting wire
in an unbreakable bond. The unit is then hermetically sealed
in a nickel allov case to prevent the entry of moisture. The
finished circuit is only three-eighths of an inch square and six-
hundredths of an inch thick.

Another example of the use of hybrid circuits is the Mo-
torola two-way radio shown in Fig. 1. An examiuation of
many of the devices shown discloses the use of many hybrids,
both as circuits and individual thin-film components. A
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POWER & RENINTOR CHARTS

By ROBERT JONES

The solution to problems based on the common power
formulas is simplified by the use of two graphs.

O vou have difficulty with, or find it thne consuming,
D when the maximum current or voltage that can be
tolerated by a resistor of given power rating must
be found? While most technicians armed with a slide-rule
can find a reasonably quick answer to the formulas P~ E*/R
or P=I2R, considerable effort and much thought often goes
into the longhand method if many values must be calenlated.
By using the left-hand chart below, the solution of E, R,
or P can be readily found when anv two of the values are
known. Application of the right-hand chart provides the
solution to 1. R, or P.
Some examples to try on the charts include: 1. Given a
resistor of 1000 ohms with a voltage across it of 20 volts,
find the wattage of this resistor. The answer to this simple

1000 500 200 100 50 20 o 5 2
VOLTS
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example is 0.4 watt, Use the left-hand chart by first finding
the applied voltage on the voltage scale, then following this
line upward until it intersects the line representing the given
resistance in ohms. Note that the answer shown by the chart
is between the 4-watt and %-watt diagonal power lines. The
larger of the two wattages is the closer to the higher conven-
tional wattage rating. For safety, this wattage is usually
doubled.

2. What is the maximum current that can be safely passed
by a 2-watt, 25,000-ohm resistor? Using the right-hand chart,
locate the 2-watt diagonal line and follow this along to the
25,000-ohm horizontal line. From the point where these lines
intersect, follow the vertical line down to the current scale

on the chart. The answer is shown to be close to 9 ma. A
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NOISE FIGURES
OF VHF. AMATEUR CONVERTERS

By WILL CONNELLY, weQiD

Significance of this factor, techniques of measurement, and
methods of improving noise performance of ham v.h.f. systems.

priate converter design can be a worrisome task.

Specifications abound and prices range over a nearly
3 to 1 ratio. The inveterate peruser of converter ads and
articles will note that the one technical parameter stressed by
all manufacturers and writers is low-noise performance, or
low noise figure, and that the lower this number, the better
the converter is claimed to be.

There are some complications to this noise figure business
which have been inadequately explored in amateur litera-
ture. Not too many hams really understand noise figure.
Fewer still have access to the sophisticated and costly test
equipment required to measure it accurately. And still fewer,
including some of the manufacturers of the equipment know
how to make an accurate noise-figure measurement, even
with the equipment that is required.

r I YHE selection of a new v.h.f. converter or an appro-

Noise Figure

What, exactly, is noise figure? When a noise-figure rating
is assigned to a converter (or receiver or amplifier), it im-
plies that the converter is less sensitive than a theoretically
perfect, completely noise-free converter—one which cannot
be achieved in practice. In essence, the statement of noise
figure is a form of comparison between the signal-to-noise
power ratio of real and imaginary equipment. (Noise figure
may be expressed as a ratio of two powers, but is generally
expressed as the logarithm of the ratio, in decibels.) The
higher the numerical rating, the more the real converter
diverges from the performance of the imaginary perfect
standard. Thus a converter with a noise figure of 3 db is
half as sensitive (that is, has one-half the signal-to-noise
ratio power) as a theoretically perfect converter.

At any temperature above absolute zero, molecules move
within any substance and, in the process of moving and col-
liding with each other, generate electrical power. This gen-
erated power is white noise and is evenly distributed across
the entire radio spectrum. For any sample band of frequency,
say 10 kc., the amount of noise generated will be the same;
i.c., the noise power in a 10-kc. wide sample of spectrum
near the broadcast band will be the same as the noise power
in a 10-kc. sample of spectrum taken at a microwave fre-
quency. If the sample band is 100 ke., the amount of noise
power within the sample is ten times greater than it was in
the 10-kc. sample. The higher the temperature to which the
noise-producing object is raised, the higher will be the noise
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power developed. Note that the term power is used, for
it, unlike voltage, will be constant irrespective of the re-
sistance of the material.

For example, an antenna, even though it is completely
shielded from all the cosmic and man-made noises to which
it would be subjected in a real situation, will produce noise
by virtue of the fact that it is constructed of matter. At
resonance, this antenna will act as a pure resistance (the
radiation resistance) across which noise power will be de-
veloped, and this resistance is the effective shunt resistance
to the otherwise noiseless input of the theoretically perfect
converter. A finite limitation, the magnitude of white noise,
now establishes the absolute power sensitivity of the con-
verter and provides a standard for comparison.

Noise Powers

The comparison standard, the absolute power sensitivity
of a theoretically perfect amplifier, has been converted to a
graph, Fig. 1. This graph is based on a temperature of about
300°K (approximately room temperature), which is the
generally accepted reference temperature among engineers.
Note that it would be possible (and in the opinion of the
author, highly advisable) to express noise figures as a noise
temperature instead; 300°K is proving to be too high a tem-
perature in an age when parametric amplifiers and cryogenic
techniques permit negative noise figures. It is, however, a
current reference standard and convention shall be served.

Fig. 1 gives the relationship between noise power and
bandwidth at about 300°K. Bandwidth is the point at which
the amplitude of signals passing through the converter has
fallen to the half-power, or 3-db-down points, on either side
of the center frequency. The power levels are expressed in
convenient decibels below one milliwatt, or dbm, to which
decibels may be added or subtracted. Zero dbm equals one
milliwatt, —10 dbm equals one-tenth (10-') mw., —20 db is
equal to 1/100th (10-?) mw., —120 dbm equals 10-1* mw.,
and so on.

Referring to the graph, it can be seen that for a band-
width of 1 kc., the absolute power sensitivity is —144 dbm.
This is 4 x 10-1® watt or 4 micromicromicrowatts (or 4 atto-
watts). If this noise power is developed across a 50-ohm
load, such as a feedline, the noise voltage will be 0.014
microvolt.

When the signal fed to the converter is of the same
strength, i.c., the signal and noise powers are equal and
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the signal-to-noise ratio is unity, the power output delivered
by the converter will rise 3 db over the level for noise alone.
It is upon this principle that noise-figure measurement s
based.

The observation made earlier to the effect that noise power
increases ten times (10 db) for each ten-fold multiplication
of bandwidth is shown by the graph. The corollary is that
the absolute power sensitivity, or minimum detectable signal
strength, of a receiver increases 10 db for each decade by
which bandwidth is reduced. This is system Dandiwidth. A
two-meter converter may have half-power response of 6 or
S megacveles, but the if. of the communications receiver
which follows it may be only 3-ke, wide. The bandwidth at
the point from which intelligence is taken, or at which a
measurement is made, determines absolute power sensitivity.
In this case, it is the 3-ke. bandwidth.

Measurement Precautions

There are several methods of measuring noise figure. Two
of these will be described. Some manufacturers of low-noise
equipment are incapable of making accurate measurement.
This conclusion is the result of first-hand experience with
some of the sonrces of measurement error. These will be listed
in the hope that noise-figure measurement by professionals
will eventually be improved.

1. To achieve a measurement accuracy of one decibel, the
signal generators, noise sources, attenuators, and power in-
dicators should have individual acenracies at least ten times
better. or 0.1 db. Yet noise figures down to a tenth of a decibel
are often seen in print, implving measurement-device accu-
racies of 0.01 db. Such equipment is remarkably rare.

2. The device which measures the output power of the sys-
tem must be a true power indicator. This means a thermo-
couple device, usually a bolometer power meter.

3. Signal generators must be thoroughly shielded to pre-
vent leukage signals on the order of millimicrovolts.

4. Measurements must be made in screened rooms.

5. A converter or amplifier just on the verge of oscillation
will show a noise figure appreciably better than the truc
noise figure, 1t may even show a negative noise figure.

6. If the receiver used in conjunction with a converter, or
if the converter itself, has poor image rejection, the converter
noise figure will appear to be several db better than the true
noise figure.

7. For best noise figure, a converter must be critically mis-
malched to the untenna. To avoid the introduction of im-
pedance discontinuities which will distort the measurement,
the cable between the signal source and the converter must
be made a precise electrical half-wave. This is done with an
adjustable line, such as a “trombone,” and an impedance or
conductance bridge capable of accurate performance at the
converter input frequency.

8. All stages in the measurement system must be operated
in a linear mode. In practice, this means that no a.v.c. may
be used during the measurement process and that measure-
nments at the receiver audio stage, which follows a non-linear
detector, are unacceptable.

9. If the gain of the converter is low, the noise ficure of
the receiver with which it is used can affect the indicated
noise figure.

10. It “spot” noise figures, using the c.w. signal gencrator
method, are to be measured, the system bandwidth must be
accurately measured first and, for optimum accuracy, the
passband must be symmetrical about the center frequency.

Measurement Techniques

Now to the technique of measurement, which will assume
that all factors enumerated have been given due considera-
tion. In Fig. 2, an r.f. signal generator is connected through
a precision attenuator to the input of the converter. A switch
permits the input to be connected to a 50-ohm resistor. The
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Fig. 1. Absolute power sensitivity of perfect amplifier for

various amounts of bandwidth at about room temperature {300°K).

detector diode is removed from the receiver and the power
meter is connected across the secondary of the last i.f. trans-
former. The converter input is connected to the resistive
source and the receiver gain is adjusted for roughly half-scale
indication on the power meter. Switching the input to the
signal generator source, the attenuator is next adjusted {or a
rise of precisely 3 db on the output indicator, and the at-
tenuator setting noted. Assume that the receiver if. band-
width has been measured at 3 ke, and that the attenuator
reading is —136 dbm. Referring to the graph of Fig. 1, it
can be determined that the absolute power sensitivity of the
ideal equipment would be a fraction over —139 dbm. The
difference between the actual measurement and the theorcti-
cal sensitivity is the noise figure: slightly over 3 db.

The measurement just made is the spot noise figure at one
particular frequency. The noise figure of a properly aligned
2-meter converter will usually be within a half db or so {rom
one end of the band to the other.

The second system of absolute measurement delivers
average noise figure. In place of a signal generator, a noise
source is used. One tyvpe of uoise generator is the “thermi-
onic diode,” which permits direct readings from the generator
itself. Other precise generators utilize neon, argon, or
fhiorescent-light gas-discharge sources of noise, and have
fixed output. The gas-discharge sources are used in the same
manner as the signal generator, while the thermionic diode
source requires only that the 3-db rise in output be precisely
observed, the bandwidth (Continued on page 78)

Fig. 2. Test-equipment setup for measuring noise figure.
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RECENT
DEVELOPMENTS
in ELECTRONICS

Rare-Earth Garnet C. W. Laser. (Below) The devel-
opment of rare-earth aluminum garnet crystals
at Bell Labs has made possible a solid-state op-
tical maser which operates continuously at room
temperature with only a small fraction of the
pumping power previously required. The crystal
(rod at left within elliptical housing) is pumped
with a standard spiral-filament tungsten lamp
that has a life of thousands of hours. This new
development is a step in putting solid-state lasers
on an equal footing with gas types for c.w. use.

Epoxy Resins in Electronics. (Above) Plastic epoxy resins are find-
ing more aoplications in the electronics industry as time goes on.
Fer example, they are used in banding wrap-around safety-glass pan-
els to TV tubes. Photo shows engineer at Dow Chemical Research
Labs using polarimeter to measure stress developed during curing of
resin. Another technigue to prevent implosion is the use of a metal
band, formed under pressure arcund the TV tube faceplate. Epoxy
resins bond the metal band anc metal mounting frame to the tube.
The resins, because of tneir gocd electrical properties, are used for
laminates (orinted-circuit boards), potting and encapsulation, and in
manufacture of a gocd many electrical and electronic components.

7000-1b. Outdoor Loudspeaker. {Below) Probably the most powerful
loudspeaker ever built is used nightly at the N.Y. World's Fair
“Fountain cf the Planets” water pattern and fireworks display. Re-
producing the music accompanying the display, the speaker rises on
a nydraulic lift behind the cascading water curtain. The speaker,
designed by RCA Laboratories, is 16 feet in diameter and weighs
7000 Ibs. The center section is made up of 3 circular tiers, each
containing 16 cast-aluminum folded horns with separate driver
speakers. Two huge metal saucers act as a circular terminating horn.
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Electronic Blackboard. (Above) An electronic writing ma-
chine has replaced the traditional blackboard for a nu-
clear engineering class at Georgia Tech. Equations writ-
ten by the instructor in Oak Ridge, Tenn. on a Victor
Electrowriter travel 200 miles by telephone lines to be
reproduced on a sacond unit at the university. A CCTV
camera on the machine relays pictures of the moving
pen to students. The main advantage of the system is its
low cost because of the use of ordinary telephone lines.
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Thermionic Energy Converter. (Above) This module incor-
porates three series-connected thermionic energy con-
verters which operate in a single vacuum area with a
single cesium reservcir. The module was designed by
RCA to convert nuclear heat directly into electricity
in a liquid metal locp system. During a recent test,
stable power output of over one watt/cm.? of emitter
area was obtained at an emitter temperature of 1500 de-
grees K. The power output of this module is 60 watts
at 0.84 volt. This development may lead to the design
of electrical power systems for use in space vehicles.
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Infrared-aimed Laser Radar. (Below) An engineer is
shown adjusting a new infrared-aimed laser radar during
a recent test. This Sperry-designed system promises a
ten-fold increase in on-target precision over microwave
radar trackers and has permitted the use of narrower,
more intense laser beams for higher signal-to-noise ra-
tios. The passive IR sensor is gimbal-mounted between
the trunnions which carry the laser optics. The laser
transmitter beams its pulses from the U-shaped aper-
ture atop the trunnion at right (directly below engineer’s
hand). The reflected laser light beam returns through
a similar aperture at the top of the trurinion at left.

Tactical Communications Link. (Below) Rendering of
new 5000-mc. line-of-sight and over-the-horizon radio
communications equipment developed by ITT Federal
Labs. The system, designed for the Army, constitutes a
complete radio terminal requiring only connection to
existing area communications facilities to be opera-
tional. The equipment, designated AN/TRC-112, is com-
pletely transistorized except for a klystror power tube.
The system consists of a radio shelter con:aining trans-
mitting-receiving equipment, two 10-ft. parabolic anten-
nas, and two power generators. It can be transported in
two 3s-ton vehicles, each towing a small power-unit
trailer. Multi-channel telephone, teleprinter, or data from
standard military or commercial sources can be handled.
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CAPACITANC
TRANSDUCER
SYSTEMS

By SIDNEY L. SILVER

Various forms of unusual capacitors are used by industry
to determine the level of liquids in a storage tank or
the pressure of liquids flowing through hydraulic plumbing.

N modern instrumentation and control systems, the prin-
ciple of capacitive variation is {requently emploved in
transducer design to sense mechanical changes and con-

vert them to corresponding electrical signals, Capacitance
transducers are capable of linear and angular measurement
with a high degree of conversion stability, excellent lincarity,
and infinite resolution. These devices produce accurate meas-
urement for a wide range of basic physical quantities in-
cluding pressure, humidity, vibration, thickness, torque, and
liquid level. In addition, physical phenomena related to
motion such as displacement, velocity, and acceleration may
be readily translated into a useful voltage or current output.
Since the force requirements of capacitance transducers are
very low, extremely small changes in electrical capacitance
can be detected with negligible distortion.

Principles of Operation

The design of capacitance transducers is based on the
inherent property of two or more charged metallic elements
which enables them to store electrical energy in an clectro-
static field Dbetween the conductors. The capacitance so
formed is a function of the effective area of the condnctors,
the distance which separates them, and the dielectric con-
stant of the insulating material between the conductors. A
change in any of the three parameters caused by the phvsical
quantity acting on the transducer will produce variations in
electrical capacitance which may then be accurately cali-
hrated.

In its simplest configuration, a capacitance transducer
svstem cousists of a sensing probe, or pickup, containing a
fixed plate and a movable plate separated by a suitable die-
lectrie. In other modes of construction, the electrodes are
fixed and the diclectric material serves as the variable ele-
ment, The normal capacitauce between the terminals of a ca-
pacitive sensor is the vahie obtained when electrostatic lines
of force are uniformlv distributed over the inner surface of
the clectrode plates, and when the clectrostatic field is com-
posed of straight lines extending directly from one electrode
to the other. For the simple parallel-plate transducer shown
in I7ig. 1A, the capacitance can be computed from the for-
mula C = .225KA/D where C is the capacitance in pf., K
is the dielectric coustant of waterial between plates (for air,
K is approximately equal to 1), A is the plate area in square
inches, and D is the distance between plates in inches.

I'or the evlindrical transducer shown in Fig, 1B, which
consists of a rod within a tube, the capacitance is deter-
mined by the equation C — 644KL/[logio(B/a)] where L
is the length of cvlindrical electrodes, b is the inner diameter
of the outer clectrode, and « is the outer diameter of inner
clectrode.

In addition to the rectilinear lines of force, a portion of the
clectrostatic field is established in the region bevond the
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edges of the metal plates and the dielectric material. This
is referred to as fringing, or edge effect. Fringing is indicated
in Fig. 2A by the curved electrostatic lines of force which
bulge outward. This undesirable effect contributes stray
capacitance to the measurement and makes the actual
capacitance greater than the computed value. FFor precision
measurement involving extremely small capacitance changes
{in the order of .1 pf.), fringe-capacitance error is kept to a
negligible value by making the distance between the elec-
trode plates very much less than the plate dimensions. In
the design of a capacitive sensor formed by two circular
plates, for example, the ratio of plate radius to plate separa-
tion must be greater than 200 to 1, in order that fringe effects
contribute less than 1% of the total capacitance.

To further reduce fringing capacitance sufficiently for
precise caleulation, a guard ring arrangement is sometimes
employed to sharply define the edge effects and prevent them
from entering into the measurements. As illustrated in Fig.
2B, an auxiliary guard electrode surrounds one of the plates
(center electrode) of a capacitance transducer so that they
are insulated from each other by a very narrow gap. The
opposite plate (base electrode) is made larger than the center
electrode, so that all of the fringing lines of force are confined
to the guard electrode and the base electrode. The guard
ring is grounded and the center electrode is maintained
at a low potential while the base electrode is connected to a
higher potential with respect to ground. By this means, edge
effect does not enter into the direct capacitance between cen-

Fig. 1. (A} Capacitive displacement transducer consists of
two parallel metallic plates. (B} Cylindrical configuration
is composed of a solid rod centered within a hollow tube.
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Fig. 2. {A) Effect of fringing lines of force on parallel-
plate capacitor electrodes. (B) Guard ring reduces fringing.

ter and base electrodes, which permits a precise calculation
of capacitance value from the geometry of the capacitive
transducer elements and the tvpe of dielectric,

Electrical Syvstems

Several methods exist for converting variations in trans-
ducer capacitance into a useful, readable signal which can be
applied to a precision meter, a recording instrument, or a
process control system, The most common measuring tech-
niques are the resonance method, the beat-frequency method,
and the measuring bridge method (in which the electrode
plates are energized by an a.c. source so that changes in
capacitance, and hence in capacitive reactance, are detected
as voltage or current variations).

A typical example of the resonance method is the fre-
quency-modulated system shown in Fig. 3A. In this con-
figuration, the transducing element (Cy) forms part of a
tuned resonant circuit (1.2, C2), which is loosely coupled to
the tank circuit (L1, C1) of a high-frequency oscillator. In
Fig. 3B, the tuned resonant circuit is adjusted by varving C2
so that the operating point A lies on a linear portion along one
slope of the resonance curve, A variation in transducer ca-
pacitance produced by the measured parameter results in a
deviation of the operating frequency between points B and
C, and consequently a linear output voltage is developed at
the output of the detector. The detector output is sufficient
to drive a moving coil indicator directly, but a power ampli-

Fig. 3. {A) Measuring system using a capacitive transducer in
a resonant circuit. (B} Resonant circuit characteristic.
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fier is required when it is necessary to feed a recording
mstrument.

In the beat-frequency method, the transducer element and
a calibrated capacitor are part of the total capacitance in
the resonant circuit of a variable-frequency oscillator. The
v.f.0. is made to “beat” with a fixed oscillator, usually crystal-
controlled, so that a zero-frequency difference exists between
them making the output of the svstem zero, Small changes
in transducer capacitance cause the resonant frequency of
the v.f.o. to shift so that a signal appears at the output of
the demodulator. The amount of adjustment of the calibrated
capacitor needed to restore the tunable oscillator to a zero-
beat condition with the fixed oscillator depends on the ca-
pacitive change caused by meusured quantity

Fig. 4 shows a common form of bridge circuit emploved in
an amplitude-modulated carrier system. In this circuit, the
r.f. voltage from a high-frequency oscillator is inductively
coupled to a center-tapped secondary which forms two arms
of an LC bridge. The bridge also comprises a calibrated
capacitor (Cp) and a capacitance transducer (Cy). At bal-
ance, when Cy is equal to Cy, the output of the svstem is
zero. Any change of Cy due to the measurable quantity causes
the bridge to deviate from balance, so that a control signal is
produced whose magnitude and phase depend on the bridge
unbalance. Phase discrimination is maintained by re-inserting

HIGH ac. [ | PHASE- [ power r* OUTPUT ToO
FREQ. AT SENS. AT IND. OR
osc. | —| RrecT. |, - |, CONTROLLER

Fig. 4. This high-frequency, bridge-type transducer circuit
is commonly used with some types of capacitive instrumentation.

g, for
example, a positive output signal when the input is in plase
with the reference and a negative signal when the input is
out of phase. To restore the bridge to balauce, Cj; is adjusted
(either manually or by means of a servo system) until it
equals the measuring electrode (Cy).

the carrier at the phase-sensitive rectifier producing

Applications

Capacitance transducers are frequently emploved in the
precise measurement of fluid pressure of gas, oil, steamn, and
hydraulic materials, In such measuring svstems, small dis-
placements (ranging from micro-inches to a few thousandths
of an inch) caused by variable pressure are frequently
measured by a thin, flexible, metallic diaphragm which forms
the movable element of a variable capacitor. A typical elec-
trode assembly is shown in Fig, 5, in which the diaphragm is
separated by an air gap from a stationary capacitive plate. As
the fluid pressure increases in the pipeline, the pressure-
sensitive diaphragm is deflected toward the fixed plate,
which decreases the thickness of the dielectric and results
in an increase in electrical capacitance. Conversely, a de-
crease in pressure increases the distance between the elec-
trodes, and the capacitance decreases. To reduce the response
to shock and vibration, the movable diaphragin is made very
stiff in order to provide a high natural resonant frequency
(10 ke. to 300 ke., depending on diaphragm dimensions).
The diaphragm is rigidly clamped and electrically grounded
to the metal frame while the fixed electrode is mounted on
ceramic insulators.

In Fig. 5, the transducer capacitance (Cy) formed by the
two electrodes is connected in parallel with a built-in coil
(L5) to comprise a tuned resonant circuit, In order to pro-
vide mutual coupling between the capacitance transducer
assembly and the tuned circuit of the electronic unit (L2,
C2), a low-impedance coaxial line (approximately 50 ohms)
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is utilized, with cach end terminated in link coils (L3, L4).
This technique of link coupling eliminates the undesirable
cffects of varying cable capacity (such as caused by vibra-
tion) when reflected into a high-impedance load. It ulso
permits the use of very long cable runs with minimum noise
and attenuation between the pressure sensor and the elec-
tronic converter unit, The converter unit contains a discrim-
inator and associated amplifier circuitry. Any capacitance
change in the pressure sensor causes the discriminator to shift
its characteristics with respect to the oscillator, resulting in a
proportional output voltage as a function of applied pressure.

The electrical-capacitance effect provides a relatively
simple means of continuously measuring and controlling the
level of fluids inside sealed vessels or open tanks. In this
application, the spacing factors of a capacitance transducer
are held rigidly constant so that the variable parameter is
the dielectric constant of the material to be measured.

Fig. 6 shows a capacitance system suitable for the level
measurement of nonconductive Huids such as liquefied gases
and petroleum products (o0il and gasoline). The iuner probe
forms one electrode of a capacitive element which consists of
a cylindrical metal rod, usually fabricated of stainless steel.
The rod is rigidly supported by Teflon insulators within a
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Fig. 5. This capacitance-type liquid pressure transducer is
designed to operate with frequency-modulated carrier system.

cylindrical metal tube which forms the other electrode of the
electrical capacitance. Finally, the entire electrode assembly
is immersed in the electrically grounded storage tank. Port-
holes are located along the cylindrical tube to allow access
of the liquid to the space formed by the concentric cylinders.
Since the dielectric constant of the nonconductive fluid is
higher than that of the air or vapor above the liquid, the
capacitance between the electrodes is a function of the height
of the liquid column in the vessel. Thus, as the liquid level
rises in the tank and a larger proportion of the electrodes is
surrounded by the fluid, the electrical capacitance rises pro-
portionately. Assuming that the electrode structure has a
uniform dimension along its vertical axis, the linear capaci-
tance so formed (of the order of 10 to 100 pf.) may be ac-
curately calibrated to give a direct reading in gallons or in
feet of depth of the tank.

In Fig. 6, the sensing probe (Cy) forms one arm of a ca-
pacitance bridge which is energized by an r.f. source. Fre-
quencies ranging {rom 100 kc. to 1 me. are generally
cmployed to permit large measurement currents to flow in the
bridge, thus making the svstem extremely sensitive to small
capacitance changes. Variations of transducer capacitance
result in an unbalance of the bridge which is detected by the
phase-sensitive demodulator, whose output is determined by
the amplitude and sign of the capacitive unbalance. To put
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Fig. 6. Capacitance transducer system used as level measure-
ment for tanks of various types of nonconducting liquids.

the system into operation, the zero adjust control (C;) is set
to equal the transducer capacitance (Cy) when C, is at
minimum value or when a zero indication is required by the
measured variable. Cp; is a fixed capacitor which equals the
reference capacitor (Cg) when Cj is at its minimum value.
The span control (Cy), which determines the range of the
instrument, is adjusted for the necessary amount of Cy
change to give a full-scale deflection of the indicator.

Another type of capacitance-measuring device is employed
for the level determination of fluids which are electrically
conductive. In this case, the primary sensing element is a
metal rod which forms one (Continued on page 68)

Fig. 7. Capacitance-type instrument used for the measurement
and control of moisture content during processing of paper.
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Current probe has tong-like jaows which
simply clip around wire to measure d.c.
current. The Hewlett-Packard Model 428A
clip-on milliammeter shown here has full-
scale measuring ranges from 3 ma. to
1 amp. Probe is also used with the
Model 428B, which has a full-scale meas-
vring range from 1 ma. to 10 amperes.

CLIP-ON D.C. CURRENT PROBE

By ARNDT BERGH, GEORGE S. KAN & CHARLES 0. FORGE

The Hewlett-Packard Co.

Operating principles of a milliammeter that can measure
direct currents without opening the circuit or loading.

Arrow on the probe shows current direction for up-scale reading.

IRECT current can be measured easily with a clip-on
D caurent probe. The probe simply clips around the

conductor without requiring that the circuit be
opened or disturbed in any way. A ground connection is
not even necessary.

Instruments using such a probe have a number of obvious
applications. The probe can be clipped around a conductor
at any place in the circuit where there is a half-inch length
of wire with enongh room around it to accommodate the
probe. (On printed-cirenit boards, small loops of wire can
be placed in series with circuits where current measurements
are to be made.) Even the current within a carbon resistor
can be measured provided that the resistor is small enough
(less than #14” diameter) to allow the probe jaws to close
around it.

An arrow on the probe shows the direction of current flow
(conventional positive to negative) that canses an up-scale
deflection of the meter pointer. The orientation of the wire
within the probe is not critical, just as long as the tong-like
jaws close completely around it.

Current probes of this type can make measurements that
were not possible with previous methods. The insertion of
conventional millimmeter in series with a low-impedanee cir-
cnit. for example, often affects the impedance and thus the
performance of the circuit, Similar difficultios arise when
a small resistor is inserted in a cirenit for the purpose of
reading the voltage drop from which the cnrrent ¢an be eal
culated. This does not happen when a current probe is used
since the probe adds no series resistance to the cirenit.

September, 1964

The absence of cirenit loading thus mukes the probe use-
ful for measurements that used to be diffienlt or even im-
possible, such as the detection of cirenlating ground currents.
A ground lead or strap can be left undisturbed when a
current probe makes a measurement so that the feeble volt-
ages which cause the currents are not affected.

Other uses for current probes arise from their ability
to measure the sum total of the currents in several conduc-
tors that are within the probe jaws all at the same time.
In this case, carrents which flow in opposite directions sub-
tract, This makes it possible to balunce the currents in a
push-pull stage, for instance, by running the plate leads in
opposite directions through a current probe and then ad-
justing the eircuit for a null.

Current probes have a wide measurement range; for in-
stance, the range of the Hewlett-Packard Model 428B Clip-
On D.C. Milliammeter is from 1 ma. full-scale to 10 amps.
This instrument responds to currents smaller than 50 jia. and
sensitivity can be increased even further by looping the con-
ductor through the probe several times. The probe is virtually
burn-out proof, being able to withstand overloads of hun-

Large-aperture probe measures d.c. currents in cable shields,
waveguide structures, or other large conductors. This probe
is especially useful for measuring corrosion currents in pipes.
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GATED FLUX

| SENSING COIL

INDUCED VOLTAGE

CURRENT TO BE/

MEASURED
Fig. 1. Magnetic flux being gated by spinning ‘‘shutter.”

dreds of amperes that might occur during a measurement.
The instrument may also be used to measure low-frequency
alternating current (up to 400 cps). The indicating meter
itself does not respond to a.c. but the instrument generates
an output voltage that is proportional to the measured cur-
rent. The voltage is available at a front-panel jack for use
with a scope, an a.c. voltmeter, or a d.c. chart recorder.

How It Works

The d.c. current probe operates by sensing the weak mag-
netic field around a current-carrying wire. Unlike a.c. cur-
rent probes, however, it does not function simply as a trans-
former that uses the measured wire as a one-turn primary
winding.

The d.c. current probe is a refined version of the second-
harmonic flux-gate magnetometer, a sensitive detector of mag-
netic fields. Flux-gate magnetometers have been widely used
in aircraft compasses and in submarine detection equipment
(the MAD or magnetic anomaly detector).

The flux-gate magnetometer principle achieves such sensi-
tivity that it senses easily the 0.0006-gauss magnetic field
around a conductor carrving 1 ma. By contrast, the earth’s
magnetic field is nearly one thousand times stronger. Care-
ful magnetic shielding of the probe is an obvious requirement.

A magnetic field induces a voltage in a wire only when
the field changes with respect to the wire. To enable a d.c.
field to induce a voltage in a sensing coil, the current probe
uses a form of flux-gating. The flux-gating principle is il-
lustrated in Fig. 1 where the rectangular core represents
the probe jaws, with a single current-carrying wire passing
through. The semi-circular device is a spinning “shutter”
which completes the magnetic path around the core when-
ever it rotates into the gap.

Even though the current in the wire is a steady d.c., the
flux in the core switches from a maximum, when the shutter
is in the gap, to a minimum when the shutter is out. The
sensing coil therefore is exposed to an alternating flux. The
maximum value of this flux is governed by the current in the
measured wire so that the a.c. voltage induced in the sensing
coil is proportional to the current in the measured wire.

Energy for operation of the flux-gate is supplied by the
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shutter, not by the measured circuit. This means that no
energy is extracted from the measured circuit and the pres-
ence of the probe disturbs the circuit hardly at all.

The mechanically operated probe described here would, of
course, be too unwieldy for use in circuit probing. In prac-
tical applications of this principle, gating is achieved by
saturable magnetic cores which are driven into and out of
saturation by a large a.c. drive signal. When the cores are
saturated, their permeability is greatly reduced and this
results in  few flux linkages between the sensing coils and
the current in the measured wire. When the cores are out of
saturation, permeability is high and the flux linkages are
greatly increased. This electrical gating achieves the same
effect as the mechanical shutter but a sturdy, more compact,
and much simpler probe assembly results.

The actual probe circuitry of the Model 428A/B units (as
far as is known the only such instruments available) has a
different configuration than that implied here. The drive
coils and sensing coils are combined by use of a bridge con-
figuration, as shown in Fig. 2. The bridge is balanced as
far as the drive signal is concerned, so the drive signal
is suppressed in the output. Less than 15 mv. of drive signal
is coupled into the measured circuit. The connections for
two of the coils are reversed, though, so voltages induced
by the gated flux from the measured wire generate an output.

Affiliated Circuitry

A simplified block diagram of the probe and metering cir-
cuit is shown in Fig. 3. A push-pull LC oscillator supplies
the 20-ke. drive frequency. This frequency is high enough to
reduce the necessary size of the cores and coils but not so
high that core losses become serious.

Flux gating occurs at a 40-ke. rate since the core sat-
urates twice during each cycle, once during the positive-
going part of the drive waveform, and once during the nega-
tive-going part. Hence the name “second harmonic flux-gate
magnetometer.” The bridge output is, therefore, a 40-ke.
signal.

The bridge output is amplified in a tuned amplifier and
then rectified in a synchronous detector. In the synchronous
detector, shown in Fig. 4, capacitor C is charged to a d.c.
voltage that is proportional to the bridge output. The syn-
chronous detector preserves the polarity of the bridge sig-
nal so that if the signal polarity were reversed (shifted

Fig. 2. Bridge circuit used in d.c. current probe. Plus and
minus signs show polarities of voltages induced in sensing
coils. Direction of current flow in wire is conventional.

PUSH-PULL
OSCILLATOR

L(———- DRIVE SIGNAL ——————3=
‘ P,

BRIDGE OUTPUT

MAGNETIC FIELD
AROUND WIRE

WIRE IN WHICH CURRENT [S MEASURED
ELECTRONICS WORLD
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AMPLIFIED 40KC.

BRIDGE (PROBE)

RECTIFIED
QUTPUT

OUTPUT
(FRONT PANEL)

Fig. 3. Simplified block diagram of d.c. current probe circuits.

SIGNAL

CT
I P

T2

Fig. 4. Synchronous detector produces either positive or neg-
ative d.c. output, depending on phase of probe signal. Large
gating signal turns on pairs of diodes alternately. When V1
and V2 are on (lower right), point A effectively is at same
potential as center-tap P. On alternating half cycles, point
B is brought to same potential as P (upper right). This ac-
tion switches connections between P and T1 secondary so that
C becomes charged to d.c. voltage that is proportional to the
probe signal. (Heavy lines show current path on shaded half
cycles.) Now if the polarity of the probe signal is reversed
with respect to the gating signal, then the polarity of the
charge across € is reversed on both half cycles from that shown.

Fig. 5. The feedback circuit employed in the clip-on milliam-
meter supplies d.c. current in opposition to measured current.

T0

PROBE

COILS

{—:—-To 40KC. AMPLIFIER

September, 1964

180°), capacitor C would charge to the opposite polarity.

The voltage on the capacitor corresponds to the amplitude
of the current being measured. This voltage drives a d.c.
amplifier which supplies current for the indicating meter.

The preceding description outlines circuitry for driving
a meter in accordance with the current in a wire being meas-
ured. Accuracy, however, is affected by the non-linear be-
havior of the magnetic circuits, as well as by non-linearities
and changes of gain in the amplifiers. To insure that the
meter indicates accurately what the measured current is,
negative feedback is used in an interesting manner. The
feedback loop includes the magnetic circuits in the feedback
path by bringing the feedback all the way back to the point
where the magnetic field is sensed.

In any negative-feedback system, as is well-known, a por-
tion of the output signal is fed back to the input where it
opposes the input signal. What actually happens is that the
input to the amplifier represents the very small difference
between the input signal and a fraction of the output sig-
nal. The amplifier therefore minimizes the error that exists
between the actual output signal and what the output signal

20KC. 20KC.
TO HEAD TO HEAD
DRIVE BIAS DRIVE
AMPLIFIER VOLTAGE AMPLIFIER
IK 1K
4700
| — B+
O.l pt.
by 40KC.
it = oUTPUT

Fig. 6. Push-pull oscillator has unbypassed cathode which
“‘follows’’ most positive grid, thereby acting as o doubler.

should be, as indicated by the input signal. Feedback in-
sures that the amplifier output “tracks” the input signal so
that a feedback amplifier may be considered as an all-elec-
tronic servo system where the input signal is the “control”
voltage.

This principle is applied to the d.c. current probe by
passing a portion of the d.c. output current back into the
sensing coils in the direction that generates ampere-turns
which oppose the ampere-turns of the measured current (Fig.
5). The probe actually senses the much smaller magnetic
field which results from the difference between these two
sources of ampere-turns. Core non-linearities now affect only
the loop-gain of the system and since the gain of the ampli-
fiers is very high, the effect of non-linearities is negligible.
The output current therefore tracks the wire current quite
closely and changes in amplifier gain influence the output
current hardly at all. As a result of this use of feedback,
the Model 428B, in a laboratory environment, is able to
read current with an accuracy considerably better than its
rated accuracy of 3% 0.1 ma. (The instrument is specified
at 3% to account for a wide (Continued on page 88)
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Top view of the demultiplexer. A 3" x 2V, x 2" printed board
was used by author; conventional wiring can be used instead.

background music, if transmitted by one or more of

vour local FM stations, can provide many hours of
listening pleasure in your home. The principles of transmis-
sion of SCA were explained in an article by Robert W. Win-
free in the December, 1963 issue of this magazine. Therefore,
it is not proposed to rediscuss them. However, a completely
novel and new method of demultiplexing SCA background
music will be discussed. (Note that reception of these sig-
nals must be restricted to one’s own home and they must
not be used for profit, as in a place of business.)

Many circuit designs for SCA music have been discussed
and printed since its inception, the latest of which appears
in the above-mentioned article, Each circuit contained known
methods of FM detection. These methods can be classified
into two groups, the heterodyning-discriminator, or ratio de-
tector, and decoder-counter detector. While such methods of
demodulation functioned satisfactorily, thev did not all
eliminate the problems that continue to plugue the listener.
Some of the major problems are:

1. Incomplete separation of main channel and multiplex
subcarrier. In other words, inadequate filtering out of the
main channel program.

2. Inadequate muting when the subcarrier signal was re-
duced or else shut off completely between the records.

3. Complexity of design.

E;UBSIDIAP\Y Communications Authorization (SCA)

SCA

BACKGROUND-MUSIC
DEMULTIPLEXER

By GARLAND P. KUNTZ

Construction of simple transistorized adapter to be used
with FM tuners for the home reception of background music.

plify the 67-ke. subcarrier, and detect it. At first this would
appear to be a tall order, but with the principle of oscillutors
in mind, and knowing that thev can be made to lock in with
a synchronizing signal, the problem of amplification disap-
pears. This is exactly what 7’1 and (03 do. This stage oscillates
at 67 ke, with sufficient amplitude that minor audio and music
leaks from the main-channel program are too weak to change
its frequency or to amplitude modulate it. Thus we have
only the subcarrier signal,

The next step is to have the 67-ke, oscillator swing with
the frequency modulation of the incoming SCA signal. To
provide for adequate swing, the “Q” of T'1 must be reduced
to allow sufficient bandwidth in order that the 10% modulation
swing of the SCA 67-kc. subcarrier can be accepted. R9, the
1000-ohm resistor placed in series in the tuned circuit, ac-
complishes this,

With the FM-modulated 67-kc. subcarrier comes the prob-
lem of detection. In the circuit of Fig. 2, detection is accom-
plished by means of slope detection and negative limiting.
The secondary of 72 is tuned above the incoming resonant
frequency. Thus, as the subcarrier swings above and below
67 ke, the amplitude varies in proportion to the amount
of the swing and at the audio rate of the swing. Detection
is completed by limiting the negative part of the signal with
D1 connected to the high side of the secondary coil.

To complete the detector and iimprove

4. Difficult to construct. Fig. 1. Scope pattern that should be seen quality of reproduction, the extremely

- ; . . h T2 d R12
3. High cost of construction. when 12 an

One would think that faithful repro-
duction of the modulated program
would be a problem. Such is not the
case and has not been a problem with
any of the circuits presented.

The merits of each circuit will not be
discussed. Instead, the principle of the
circuit given here will be outlined.

The circuit in Fig. 2 is unique in
design. It consists of three transistors
and a diode. The heart of its operation
is m T1 and T2.

In order to-listen to SCA music, the
67-ke. FM-modulated signal must be de-
modulated. The simplest method would
be to filter out the main program, am-
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are correctly adjusted. ] P .1
Gk high “Q” of the secondary winding must

be lowered. To lower the “Q” of this
circuit, R12, a 10,000-ohm resistor. was
added as shown in the diagram.

The 67-ke. signal is filtered in the
output circuit by R13 and C11, leaving
a fairly high-level audio. The audio level
is far more than enough to drive the
auxiliary or phono inputs of any audio
amplifier.

Good signal conversion and detection
canuot be accomplished without excel-
lent filtering of the main program. Such
filtering is done by the circuits of Q1
and Q2. The bulk of the filtering action
occurs in C1 and L1.

Q1 and Q2 are high-gain stages. It

ELECTRONICS WORLD
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might be thought that one transistor would do the job. How-
ever, in order to have a strong enough signal to lock in and
control the oscillation of @3, the larger input signal that
would have been required for a one-transistor filter circuit
resulted in enough main program material to amplitude-mod-
ulate the oscillator stage. As common-emitter stages have
fairly low input impedance, additional filtering of the main
program can be had as well as the required amplification of
the subcarrier by means of low-value capacitance coupling
between stages.

Muting is unnecessary as no signal passes when the sub-
carrier is inactive. Any leakage must occur either at the
station, or as a direct result of some multipath signal recep-
tion or misalignment of the FM tuner. Should a slight whistle
occur when the subcarrier is reduced or cut off, T1 is not
aligned properly.

Construction & Alignment

As far as construction is concerned, the photo shows a
suggested layout. The printed board was made from a kit
and it is very easy to do. The only recommendation is that the

ET-5 ET-5
Ql Q2

o

(Note that the demultiplexer unit must be connected to the
multiplex-output jack of the FM tuner. If such a jack is not
available, then a tuner connection must be made that is
ahead of the de-emphasis network. If this is not done, then
the network attenuation will prevent the passage of any
of the 67-kc. SCA signal.)

The second method is to temporarily short out R9 and ad-
just T1 for the best sound. This will be poor at best but by
listening one can determine a point where it sounds better
than at any other. Such action tunes the oscillator to the
subcarrier. The poor sound is due to the fact that the “Q”
of T1 has been increased and the oscillator will swing only
a very little, causing distortion. Afterwards, remove the
short on R9.

With T'1 aligned, tune T2 for the best sound. Should there
be distortion in the program, temporarily replace R12 by a
large-value potentiometer. Adjust the pot and retune T2
until the distortion disappears. Then measure the value of
the resistance used in the potentiometer and replace it with
a fixed resistor of that value.

Such a unit as described here can be installed inside most

ET-5
Q3

R1—100,000 ohm, 3 w. res.

R2, R12—10,000 ohm, ¥5 w. res.
R3, R7, R9—1000 ohm, V5 w. res.
R4—4700 ohm, V5 w. res.
R5-—47,000 ohm, 13 w. res.

R6, R13—15,000 ohm, V5 w. res.
R8—3300 ohm, 152 w. res.
R10—220.000 ohm, 15 w. res.
R11—3900 ohm, ¥} w. res.

C5—.05 uf. capacitor
C6—.02 uf. capacitor
C7—820 pi. capacitor
C8—150 pf. capacitor
C10—300 pf. capacitor

C1—.0015 uf. capacitor
C2, C4, C9—.01 pf. capacitor
C3—30 ui., 6 v. elec. capacitor

C11—.005 pf. capacitor

C12—10 uf.. 15 v. elec. capacitor
J1, J2—Phono jack
L1—120 ghy. peaking coil (J. W. Miller £6153)
T1—19-ke. locked osc. trans. (J. W,

Miller #1354-PC)
T2—38-ke. output trans. (J. W. Miller #1355-PC)
Ql, Q2, Q3—Raytheon ET-5, 2N190, or equiv.
D1—1N43 or equiv.
B1-—9-volt transistor battery

Fig. 2. A synchronized oscillator, operating at 67 kec. and swinging with the modulation, is the basis of operation,

connections between T1, O3, and T2 be kept as short as pos-
sible, for their length will affect the value of R12.

The final step in building this circuit is the alignment.
Two methods can be employed, depending on the test equip-
ment on hand. The use of both procedures is preferred.

The first method involves the use of an audio signal gen-
erator and oscilloscope. Using a low-capacity probe on the
scope, connect the vertical scope input to the collector of
03 and the aundio signal generator to the horizontal input.
Set the audio signal generator at 67 kc. and, by use of a
Lissajous pattern, adjust T1 to 67 kc.

Now connect the vertical scope input to pin 5 of T2, the
center tap of the secondary. By adjusting T2, secure the
pattern shown in Fig. 1. Should the desired pattern not be
obtained, temporarily replace R12 with a high-resistance
potentiometer, then adjust the pot and T2 to obtain the
desired pattern. Then replace the potentiometer with a fixed
resistor of the same value.

After alignment by the above method, connect the demulti-
plexer to an FM tuner adjusted to a station transmitting an
SCA signal. Make a final adjustment of T1 by the second
method described below. The unit is now ready for operation.

September, 1964

FM tuners. It can be left attached to the multiplex output
of the tuner as long as stereo reception is not required. If
a stereo demultiplexer is also used, suitable switching will
be required.

The unit can be powered by a 9-volt battery. Such a bat-
tery will last for a very long time as a little less than 3
ma. is drawn. For this reason, no power switch was used
in the author’s unit. Such a switch can be installed in one
of the battery leads if required. Fig. 3 details of method
of obtaining the required power from the filament supply. A

Fig. 3. Power supply that can be used in place of a battery.

47— Rl
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>'_jE i DI - I - | S'
n=8 D2 c2 c3 SR2
) a T T i
+
. O

ns ,

C3—2000 pf., 15 v. elec. capacitor
D1. D2—Silicon rectifier
{top hat), IN2483 or equiv.

R1-—470 ohm, ! w. res.
R2—1000 ohm, 5 w. res.
C1, C2—100 pui., 15 v, elec. capacitor
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By JOSEPH TARTAS

When building high-frequency equipment, component
placement, shielding, and even the lead lengths of
capacitors and resistors play a very important role.

HERE are many considerations in the design of the i.f.

portions of a receiver, whether it be a low-frequency

communications receiver or a v.h.f. television set. All
of these considerations fall into either of two classifications:
physical or electrical. Since these are interrelated (capaci-
tance depends on size of plates and separation, and high-fre-
quency inductance depends on lead or path length), it is dif-
ficult, if not impossible, to completely divorce one from an-
other.

The first consideration in the physical design should be the
placement of the i.f. section with relation to the mixer stage.
In order that maximum gain be attained immediately after
the mixer to avoid introduction of additional noise (either
thermal or hum) to the noise level already present at the
mixer output (due to the antenna and r.f. stage), the input
of the first i.f. amplifier is usually located physically near the
mixer output circuit. The i.f. stages usually proceed in a
string, so that the output of one feeds directly into the next;
thus wiring capacitances are kept to a minimum. In most
cases, the connections are made by means of the component
leads only.

Shielding is always required to some degree and is used in

Fig. 1. (A) Without interstage shield, common coupling takes
place between coils and ground-current loops. Capacitive or
inductive coupling, or a combination may occur. (B) Shielding
isolates input from output, provides separate ground paths.

~ T
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several ways. The most common type of shielding is an alu-
minum can in which the resonant circuits are enclosed. This
can may contain only a coil and its loading resistor, or it might
include a bifilar-wound coil (one with two windings with
turns adjacent to each other) and a trap, with separate pow-
dered-iron cores accessible at each end for tuning the coil and
trap individually. A shield in the form of a partition and made
from low-resistance sheet metal, such as copper or ahnminum,
is sometimes used to divide a string of high-gain amplifiers
when regeneration due to feedback occurs. The r.f. currents
flowing through the chassis can be made to follow separate
patlis by this method. Regeneration or oscillation occurs when
plate currents flow back to the grid and are re-amplified in
the sanie way as acoustic feedback in a public-address system.
\Without an interstage shield, coupling can take place between
the circuit input and output coils, or through ground current
loops as shown in Fig. 1A. A shield isolates the input and out-
put circuits, prevents direct coupling, and provides separate
and low-inductance ground paths for grid and plate r.{. cur-
rents as shown in Fig. 1B.

In addition to reducing feedback problems, the shield may
also prevent coupling between large coils in succeeding
stages. Although the capacitance, or mutual inductance, ex-
isting between two successive coils may be extremely small,
there still might be sufficient coupling at the high signal levels
to produce feedback.

In selecting the proper dimensions for a coil shield, several
factors must be taken into account. If a high loaded coil “Q”
is to be maintained. the shield must be of sufficient proportions
relative to the coil dimension so as not to reduce “Q” below a
predetermined minimum. At the same time, the shield will
have an effect on the coil inductance such that the inductance
measured in the open will be reduced inside of a shield by an
amount dependent on many factors. The metal in the shield
acts as a shorted turn, or as a shorter path for the magnetic
lines, depending upon its proximity to the coil winding. The
result is the same as if the coil turns had been spread out,
since fewer magnetic lines link the turns of the coil. In es-
sence, the inductance is then reduced. The factors include the
relation of coil diameter to coil length, coil diameter to shield
diameter, coil length to shield length, and whether the coil
shield is square or round.

The “Q,” since it is a function of losses, depends npon skin
effect (varving with frequency), number of turns in the coil

ELECTRONICS WORLD

WwWwWWw.americanradiohistorv.com

!


www.americanradiohistory.com

(and hence degree of magnetic and electrostatic coupling to
the shield), resistivity of the shield material, and the relation-
ship between shield length and diameter, coil length and
diameter, and the relationship between coil and shield. The
cffect is that of adding a resistance in series with the coil and
its resistance, and since “Q” is a ratio of X /R, “Q” is reduced
as R is increased.

Fig. 2 shows the amount of reduction that may be expected
when various shields are placed over an unshielded induc-
tance. The effects on “(Q” may be calculated, but since this is
rather involved, a good rule of thumb for minimum effect on
both inductance and “Q” is to make the shield diameter at
least 3 times the coil diameter, and at least one coil diameter
longer than the coil length (assuming the bottom end of the
coil is at r.f. ground and mounted on the same plane as the
bottom of the coil shield). For the worst case, the reduction
will only be approximately 10%, and for the best case about
1% for those dimensions. Keep in mind that the maximum
power dissipated in a loaded tank circuit should be in the
load. The unloaded “Q” should be as high as possible relative
to the loaded "“Q” for this to take place. If the unloaded “Q”
includes the effects of the shield, then a lower unloaded “Q”
due to the presence of the shield reduces the power delivered
to the load, the rest being dissipated as losses in the shield.
This is in agreement with the definition of “Q,” the ratio of
energy (or power) stored to the energy delivered to the load.

In addition to coil and interstage shields, additional isola-
tion is achieved by the use of tube shields on all i.f. tubes.

This leads to another consideration in the physical place-
ment of components, and a good example of why if. stages
are usually laid out in a straight line across the chassis. The
shertest distance between coils should be such that there is no
coupling from coil to coil, except through intentional coupling
of the tube circuitry. Under these conditions, the longest dis-
tance between coils becomes a straight line.

Components

The choice of components should be carefully considered
when working with circuits above a few megacycles. At low
frequencies the inductance of wire leads is negligible, but as
the frequency increases so does the inductance of these wires.
Also, at the higher frequencies the coil inductances become
considerably smaller for the same fixed capacitances. Under
these conditions, the inductance of the wire leads is a large
part of the total inductance and must be considered in all
cases. The normally small distributed capacitance of a coil
forms a resonant circuit with the coil inductance, and this
resonance must also be considered at all times, as in the case
of r.f. chokes.

The combination should be regarded as a parallel-resonant
circuit, with an impedance of “Q”X where X is the reactance
of either element (C or L) at its resonant frequency. The best
choke is one that is self-resonant at some frequency slightly
higher than the frequency of the circuit in which it is used.
Additional stray capacitance usually lowers the choke to the
desired frequency. This resonant frequency is not particularly
critical, since the normally available r.f. chokes are of rea-
sonably high “Q” and are of reasonably high impedance for
considerable frequency deviation from the exact frequency of
resonance. Regardless of whether the choke appears inductive
or capacitive, it is still quite a high impedance to the r.f. that
it is supposed to block. Fig. 3 shows the variation in self-reso-
naunce for r.f. chokes made by six different manufacturers.

Fig. 4 shows the relative capacitances related to the indi-
vidual turns of a coil. As shown in (A), there exists a capaci-
tance between adjacent turns, as well as a smaller capacitance
to some other turn, which is resolved into one equivalent ca-
pacitance. At (B), the effect of capacitance to ground can be
seen. Consider C, as the distributed capacitance of the coil
and C1 and C4 as bypass capacitors normally used with an
r.f. choke. Any additional capacitance (C2 and C3) to ground
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Fig. 2. Curves for determination of decrease in inductance
produced by coil shield. KX 100% is amount of inductance
reduction. For a square shield, A is .6 of the length of one
side. Coil must be single layer for this graph to apply.

will lower the resonant frequency. This can be more easily
seen when redrawn as at (C). The net capacitance consists of
the parallel combinations of C1 and C4'in series, C2 and C3
in series, and C,. If there is excessive lead length or internal
lead inductance in the bypass capacitors, the net reactance of
the bypasses may be cancelled or become inductive, in which
case the resonant frequency, or resonant impedance of the
entire network, may become inadequate or undesirable. This
problem is compounded with a multi-pi r.f. choke.

It is for just the reasons outlined that it is not a good prac-
tice to arbitrarily select a large value of inductance for an r.f.
choke for use at the higher frequencies. While it is assumed
that the reactance increases with the inductance, there is the

Fig. 3. The self-resonant frequencies of some typical valuves
of r.f. chokes as manufactured by six different companies.
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Capacitance Lead Length Approx. Resonant
(in pf.) (in inches) Frequency (in mc.)
100 Ve 230
Va 190
Y2 150
% 130
1 120
1% 98
470 Ve 110
Va 92
V2 72
%a 60
1 54
1% 47
1000 Ve 80
Va 67
2 53
Ya 44
1 40
1% 35
1500 Vs 64
Va 53
2 42
Ya 35
1 32
1Ya 27

Table 1. Resonant frequency of some tubular ceramic capacitors.

limiting factor of the shunt capacitance of the coil, which at
some frequency begins to act as a bypass and thereby greatly
reduces or cancels the effectiveness of the r.f. choke.

Capacitors

Capacitors exhibit self-resonances also. At higher frequen-
cies the leads appear as inductances and the capacitances nor-
mally used vary over a wide range. They can be selected to
provide a high or low impedance and can be either capacitive,
resistive, or inductive, A capacitor can look like a series tuned
circuit at some high frequency and can be represented us a
resistor at resonant frequency. At a higher than resonant fre-

Table 2, Resonant frequency of some mica capacitors,

Capacitance Over-all Length of Approx. Resonant
(in pf.) Body & Leads (inches) Frequency (in mc.)
100 V2 145
%a 120
1 110
1% 92
2 80
470 V2 58
Ya 52
1 47
12 40
2 35
1000 2 42
Ya 38
1 34
1% 28
2 24
5000 V2 20
Ya 18
1 16
1% 13
2 11
48

quency, the net reactance is inductive because X=X,—X,
and X, is greater.

Three types of resonances can occur in the more common
disc-type capacitors. These are (1) low-frequency resonance
due to the length of the external leads; (2) medium high-
frequency resonance due to internal connections when two or
more discs are comected in parallel to obtain a high capaci-
tance in a small physical size; and (3) high-frequency reso-
nance due to resonant cavity effects in capacitors with high
dielectric constants.

Normally, the low-frequency resonance is the one we are
most particularly interested in, as the other types of resonance
are not normally encountered at i.f. frequencies. This low- fre-
quency resonance (actually the reference to low frequency is
only relative) is invariably a series resonance and is only use-
ful to enhance the effects of a bypass capacitor. This is done
in two ways. If it is series resonant at the frequency of inter-
est, the bypass impedance is at a minimum (possibly much
less than the capacitive reactance alone), and it sets the upper
useful limit of capacitance for the frequency range and aids in
the selection of the proper bypass capacitor and the lead
length.

Because the chassis path is often part of the lead induct-
ance, the resonant frequency of a given capacitor will be
lowest when the area enclosed by the leads is a maximum,
and measurement under these conditions is recommended for
“worst-case” conditions. Otherwise, a grid-dip meter can be
used for a good approximation where the frequency of reso-
nance is not critical. Fig. 5 shows the variations encountered

1A
e,

’EC4 IC3 ICZ TCI

c2 cl

=Cc

(c)
Fig. 4. (A) Capacitance between individval turns of a coil.
(B) Effect of capacitance between coil and ground (C1 and C4
are bypass capacitors), (C) Equivalent circuit of (B) showing
effect of capacitors on the resonant frequency of the coil.

by RMC on their “Discaps,” using a special test jig and a grid-
dip oscillator, in the “worst-case” condition of leads positioned
90 degrees apart and equal in length.

Typical resonant frequencies for various lead lengths are
shown in Tables 1 and 2 and cover the other body styles of
capacitors most commonly used in i.f. and r.f. circuits. The
tabulation in Table 3 gives an idea of the inductances en-
countered in a length of typical hook-up wire, values not in-
significant at r.f. frequencies.

Resistors

Resistors are not as critical as those components already
covered, but their lead lengths and capacitance should be
kept in mind. A %-watt resistor has about .1 to .5 pf. between
leads at the body ends, depending upon the particular type,
and the inductance of the leads is considered as being in series
with this capacitance. In a pinch, a high-value resistor (1 to
10 megohms) may be used as a low-value capacitor, with a
leakage resistance equal to the resistance value. Any resistor
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so used as a low-value capacitor should have its value picked
so as not to influence circuit operation.

Supply Line Filtering

Because of the large amount of signal amplification within
the i.f. circuit, there is a good chance of signal currents feed-
ing back from the output stage to earlier stages unless certain
precautions are taken.

Filaments may be supplied in three ways: single lead with
ground returns (chassis or common bus), series string with
no ground connections, and twisted-pair feed with grounded
transformer center-tap.

If no filtering is used, r.f. current, as well as line frequency,
flows through all of the filaments. The small capacitance from
filament to cathode within the tube prevents the 60-cps fre-
quency from modulating the cathode because its impedance
(reactance) at this frequency is several hundred megohms.
At 40 mec. however, the series impedance is only a few hun-
dred ohms, and some means must be taken to prevent these
currents from flowing to the cathode and being amplified
within the stage to cause regeneration or oscillation. The
usual procedure is to use an inductance and a bypass ca-
pacitor at each filament. The inductance should be of very
low d.c. resistance so that a minimum filament voltage drop
occurs, and vet there should be enough inductance to provide
a fairly high impedance to the r.f. current. The bypass should
be large enough to have a reactance that is low compared
to the filament resistance. At 40 me., a value of 1000 pf. is
usually sufficient for tubes commonly used as i.f. amplifiers.

The plate circuits are, of necessity, high-impedance cir-
cuits across which considerable signal voltage can develop.
It is therefore essential that great care be taken to prevent
any of these signal voltages from reaching any tube ele-
ments or circuits other than those desired.

Some set manufacturers use resistors in conjunction with
proper value bypass capacitors, and others use r.f. chokes
either in place of, or with, resistors. Resistors are less expen-
sive than chokes but have several disadvantages. The re-
sistors cause IR losses as voltage drops, and therefore the
tolerable value of resistance depends upon the amount of
d.c. current flowing in that circuit. The maximum resistance
allowable may not provide a high enough impedance to iso-
late the small r.f. currents which have a lower IR drop.
Finally, the resistors are not frequency sensitive (except at
very high frequencies) and will not reduce signal currents
at the same rate as the d.c.

An r.f. choke, because of its lumped constants, has its own
characteristic resonant frequency. At this frequency the
resonant impedance is very high while the d.c. resistance
remains very low. If the installed self-resonant frequency of
the choke is the same as the frequency at which the maximum
impedance to the r.f. current in the supply lines is desired,
then the maximum attenuation of the signal currents travel-
ing down that line is obtained.

If ' sufficient attenuation is not achieved with a single
filter section, a double section consisting of two chokes, a
resistor, and a choke, or two vesistors in conjunction with
the appropriate bypass capacitor values, is necessary.

A.G.C. Line Filtering

Under normal operating conditions, the control grids do
not draw any cuwrrent, and the associated a.g.c. circuitry
needs only supply a fixed (within small limits) voltage. In
this case filtering is easily done with resistance values as high
as a megohm, without a voltage drop. The associated by-
pass capacitors should not be any higher than necessary since
the time constants must be considered. It is also good prac-
tice to use resistance values no higher than one megohm,
otherwise the resistance would approach the value of leak-
age resistances within the circuitry.

Recently introduced ferrite beads may be used extensively
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Fig. 5. Resonant frequency of some typical capacitors as a
function of their lead length (22-gauge wire is assumed).

for filtering in new designs. These are tiny cvlindrical beads
that may be strung on a wire, and which, because of their
magnetic gualities and lossy material, cause an increase in
the inductance of the wire with a simultaneous attenuation
of signals in the wire. Attenuation in this case is due both
to the inductive reactance and to the IR losses due to r.f.
only, since there is no d.c. current in the core. Four of these
beads can increase the inductance of a 2-inch piece of wire
15 times, and at the same time can cause an attenuation of
the signal by 6 db over a very wide frequency range. These
beads are particulurly useful in the filament leads, as shown
in Fig. 6, since they filter without producing any filament
voltage drop. They are extremely cheap in production quan-
tities, and cost less than resistors and chokes.

Another component combines a capacitor and ferrite beads
in a single unit to produce a combination of bypass capaci-
tance, increased series inductance, and lossy ferrite, all in one
unit. These units are expensive, however careful design of
new r.f. and if. circuits might allow one of these composite
units to replace several components with a worthwhile sav-

ing of space and assembly costs. A
Wire Size Length Approx. Inductance
(in inches) (on phy.)
20 Va 0.0031
Ya 0.0064
Ya 0.0115
1 0.019
12 0.031
2 0.04
24 Ya 0.0037
Ya 0.0082
Ya 0.014
1 0.022
12 0.036
2 0.05

Table 3 The high-frequency inductance of lead wires

Fig. 6. Ferrite beads in the filament circuit are used for
decoupling r.f. frequencies without producing voltage drop.

FERRITE BEADS
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SELECTING
HIGH-FREQUENCY TRANSISTORS

By ROY HEJHALL & DARRELL THORPE
Motorola Semiconductor Products inc.
How do you pick the right transistor for high-frequency
use? How do you convert from one transistor parameter
to another? The answers to these, plus a simple nomogram
parameter conversion approach, are given in this article.

logues for a high-frequency transistor, have you become

thoroughly confused by the various methods used to spe-
cify high-frequency transistor characteristics? Well, you are
not alone. The usable high-frequency range of operation for
transistors is perhaps one of the most perplexing character-
istics to evaluate when selecting a device for a particular
circuit application, particularly if the only source of informa-
tion is a mail-order house catalogue which gives a minimum
number of transistor specifications.

You have probably noticed that several terms, or param-
eters, are commonly used by the various manufacturers to
describe the high-frequency capabilities of transistors. The
three parameters most often encountered are: (1) the maxi-

IN vour sporadic shopping forays through electronic cata-

Fig. 1. Nomogram determines fu,ux when frequency and power
gain are known. Also converts the gain in db to magnitude.
Ge

DB MAGNITUDE

f =t/G
50 ——100,000 max. e fmax,
as|
50,000
46— 50
44 )
I-20,000
a2
70
40—4-10,00
: 000 t .
38 !
5000
36 I-100
L2
34-
2000
I3
32
la
3011000 e
Le
28—
500 e
26 Lo 200
291200
22 I-20
20—-100 30 - 300
40
18
5o
16— 60 400
80
a oo
20 500
12—
10410 | 200 600
8 300 [-700
s
6— -400 -800
a- ls00
| 2 Liooo
2] l-800
1000
oL, l-1200
Liso0
isoo
50

mum frequency of oscillation (f,.,) or (fus); (2) the gain-
bandwidth product (fr); and (3) the alpha cut-off frequency
(fa),). In addition to these three parameters, a fourth param-
eter sometimes encountered is the beta cut-off frequency
(fﬂ'(’) .

There has been considerable confusion concerning the
validity and relative merits of these terms which categorize
the high-frequency characteristics of transistors. Therefore,
it is important to arm yourself with a clear understanding of
each of these terms before shopping for a high-frequency
transistor. In addition, vou may wish to compare two or more
transistors which have different parameters specified. To
make a meaningful comparison in this case, you must also
know something about the interrelationships between these
various parameters.

The first part of this article describes these parameters.
The interrelationships between them will then be discussed,
and, finally, nomograms are given for fast, simple conver-
sions from one parameter to another.

Maximumn Oscillation Frequency

The maximum frequency of oscillation (f,,,, or f,...) is the
most useful specification for the selection of transistors for
high-frequency communications circuits because it sets a
frequency limit above which the transistor is unable to am-
plify. Thus, f,,.. is defined as that frequency at which power
gain is unity, or 0 db, in a neutralized common-emitter circuit
with the transistor input and output impedances matched to
the source and load impedances respectively. It derives its
name from the fact that f,,,. is the highest frequency at which
oscillation is theoretically possible.

Fig. 2 shows the power gain characteristic curve for a
Motorola MM1151 high-frequency transistor. As indicated by
the curve, the power gain is 0 db or unity at 2000 mc. which
means that this device has an f,,, specification of 2000 mec.
Notice that each time the frequency is halved, the power gain
increases 6 db. This is a general characteristic of all tran-
sistors and the curve is commonly referred to as having a
6-db-per-octave slope.

The curve in Fig. 2 tells us the maximum power gain avail-
able from a transistor at frequencies below f,,, in a per-
fectly matched and neutralized circuit such as those used in
receiver r.f. and i.f. amplifiers. This statement refers to the
fact that maximum power transfer from a transistor, or for
that matter a generator, vacuum tube, or any transducer,
occurs when the load impedance is equal to the output im-
pedance of the device. Therefore, to obtain maximum avail-
able power gain from a transistor amplifier, the coupling
network between stages should match the input impedance
of the following stage to the output impedance of the pre-
ceding stage. The high power gain obtained in matched
circuits sometimes results in sufficient regenerative feedback
to canse oscillation; therefore the circuit must be neutralized.
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A significant exception to the general practice of imped-
ance matching is the r.f. power amplifier, such as the output
stage of a transmitter. Power-amplifier circuits are delib-
erately mismatched to obtain the desired power output with
a given voltage swing. Trausistors that are specifically char-
acterized for this type of service have a power gain specified
at some power output. For example, the 2N2949 has a 12-db
power gain specified at 3.5 watts output at 50 mc.

The power gain iu the flat region of the curve is depend-
ent upon the low-frequency current gain of the device. Fig.
2 indicates that the maximum availuble gain (MAG) from
the MM1151 transistor at low frequencies is considerably
more than 40 db. However, because of stability problems, it
is not practical to operate transistors at their MAG i the
flat region. Therefore, it is not usually wise to extend the
power gain curve beyond 40 db. This statement holds true
for any transistor or vacuum tube circuit. Notice also, that
a 6-db-per-octave slope is equal to 20 db per decade. Then,
if 40 db is assumed to be the maximum useful gain, the knee
of a power gain curve occurs at f,.../100 (2 decades).

By knowing the f,,,, specifications and assuming 40 db as
the maximum useful gain, a neutralized power gain curve can
casily be constructed for any transistor. Of course, the knce
of the curve will be at f,,../100.

Occasionally, f,... is specified indirectly on high-frequency
transistor data sheets. This is done by specifying the power
gain () at some frequency (f). If this is the case, the f,,q,
can be calculated from:

fuir = FVGe oo oo (1)

where f is the frequency at which gain is specified, and G,
is the power gain in magnitude (not in db). Fig. 1 shows a
nomogram of this equation and a conversion of db to mag-
nitude.

Although f,,,, defines the maximum frequency at which a
transistor could oscillate, it is quite obvious that an oscillator
operating at this frequency cannot supply power to a load.
A good rule of thumb for an oscillator is to choose an f,,,,
at least twice the desired operating frequency.

Gain-Bandwidth Product

The gain-bandwidth product (f7) is a transistor character-
istic that expresses the frequency at which the a.c. common-
emitter current gain (3 or 1.} is equal to 1 (0 db). Fig. 3
shows a plot of current gain vs frequency for a typical tran-
sistor. As shown in the figure, hy, is unity at 450 mc. which
indicates that the fr is 450 mc. for this transistor. Notice,
that like the power-gain curve, the slope of this curve also
changes at a 6-db-per-octave rate. The flat portion of the
curve represents the low-frequency current gain of the tran-
sistor. This low-frequency cwrrent gain is often referred to
as B, of Ny, and is usually measured at 1 ke, (Since current
gain varies with frequency, the terms f3, or I,,, are used to
define the low-frequency, usually measured at 1 ke., current
gain of a transistor.) The knee of this curve occurs at fa,
the Dbeta cut-off frequency, which defines the frequency at
which fi,, is down 3 db from its low-frequency value.

If 1y, and fr are known, fe, can be found from:

fac ::fT/hjm:- o 0o o0 a (2)

It is interesting to note from Eq. 2 that transistors having
the same fr but different gains will have considerably dif-
ferent bandwidths (fe,.). This is an important factor in
wide-band amplifiers since gain can be traded for bandwidth
either by proper selection of the transistor or with feedback.

The value fr is sometimes specified indirectly on high-
frequency transistor data sheets. This is done by specifying
li;, at some frequency above fa,, thus, fr is then obtained by
multiplying the magnitude of h;, by the frequency of meas-
urement. This relationship arises from the 6-db-per-octave
characteristic of the h,,. vs frequency curve above fa,. Since
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Fig. 2. Power gain vs frequency for a particular transistor.
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Fig. 3. Current gain vs frequency for a typical transistor.
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Fig. 4. Common-base current gain for a typical transistor.

6 db represents a current-gain magnitude of 2, hi;, is halved
each time frequency is doubled, and vice versa. Therefore,
the product of I, and frequency on the sloping portion of
the curve vields f-.

For example, consider the Motorola 2N2217 silicon transis-
tor. The data sheet gives a tyvpical h,,. of 4.0 at 100 mc.
Because fr = ly, X frequency, therefore fr = 4 x 100
= 400 mc.

The use of fr, in general, has its greatest application in
switching and wide-band amplifier cirenits. However, as dis-
cussed later, a high fr usually indicates a high f,,, and
therefore, fr can be used as a good over-all parameter to
indicate frequency limitations.

Alpha Cut-off Frequency

The alpha cut-off frequency (fa)) is defined as the fre-
quency at which the common-base current gain (hp, or a.)
is down 3 db from its low-frequency value or « has dropped
to .707 of its low-frequency value. A plot of common-base
current gain for a typical transistor is shown in Fig. 4.

The term fq, is not being used in many instances today to
specify tramsistor frequency responses for communications
applications. This is because fa;, is difficult to measure and,
in some cases, may not even exist.

Interrelationships
Now that we have a basic background of the significance
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Fig. 6. Both power gain and he of a transistor (2N741) drop
very rapidly as the maximum oscillation frequency is neared.
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of the three common transistor high-frequency response

parameters, let’s examine the interrelationship among them

and methods of converting from one specification to another.
The gain-bandwidth product fr is related to fa, by

fr'—"KgXh/hoxf(xb......(3)

where /i, is the low-frequency value of alpha, the common-
base current gain; and Kj is a function of phase shift in the
hase region and has a value between 0.5 and 1.0 depending
upon the transistor structure, i.c., mesa, MADT, alloy, etc.

In the interest of simplifying Eq. 3, a value of 0.8 for
K, mav be assumed for most transistors with reasonable ac-
curacy. Using this assumption, a nomogram has been con-
structed for rapid conversions between fr and fq, (see Fig.
7). To use this nomogram, simply place a straightedge
through known values on any two scales and read the un-
known on the third scale.

Note that the I, scale also contains a scale for I, the
low-frequency value of Defa, the common-emitter current
gain. Use either Ny, or I,,,, whichever is known. If neither
is known, Ti,;,, may be assuined to be 1 without significant
error with most modern transistors. Thus, Fig. 7 enables rea-
sonably accurate conversions between fr and fa, to be made
even if nothing else is known. For example, assume that fe,
is specified at 1000 mc. for a transistor and it is desired to
compare this transistor with one with f+ specified. The h,,
is specified as .98. From Fig. 7, fr is just under 800 mc.

As previously stated, fa, is related to fr by fr = h,,
X fap.

Fig. 5 is a nomogram solution to this cquation. As with
all nomograms in this article, merely place a straightedge
through known values on any two scales and read the un-
known on the third.

fr and f,,., do not have a fixed relationship. In most
cases, f,.. will be slightly higher than fr. Both their abso-
Iute and relative values vary considerably among different
transistor tvpes. However, if no other information is avail-
able, f,.,. may be assumed to be slightly greater than, or
about, 1.3 fr.

As a general rule of thumb, a transistor which is specified
as a switching transistor has an f,,,,. slightly lower than fr
because the internal construction  (Continued on page 67)

Fig. 7. This shows relationship between gain-bandwidth prod-
uct (f7) and common-base, current-gain cut-off frequency (fan).
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AUTOMAT
DEGAUSSE

FOR COLOR TV

Permanently installed

degaussing coil helps produce clean

color-TV pictures.

By WALTER H. BUCHBAUM

NYONE who has serviced or installed a color-TV re-
cetver is familiar with the problem of obtaining good
color purity over the entire screen. Even after a set

has been properly installed and all adjustiments have been
made, some color contumination remains which the purity
coil adjustment cannot seem to cure. This is particularly
visible on monochrome reception. This eftect is due to strav
magnetic fields and generally requires degaussing of the pic-
ture tube. Most technicians wind their own degaussing coil
which is then connected to an a.c. outlet, placed in front of
the picture tube screen, withdrawn and then unpligged.

With the picture tube properly degaussed, local screen im-
purities due to stray magnetic fields are eliminated and it is
possible to obtain a pure monochrome raster. Very often a
discriminating viewer will complain after a few davs that
color contamination is again present. Degaussing the CRT
will usually clear this trouble. Housewives, however, continue
their struggle against dirt and diligently slide the vacuum
cleaner inder and around the color-TV set, or else move the
set to clean underneath it. Occasionally a voungster Tugs a
toy containing a batterv motor in front of the color set.
Other electrical appliances such as dishwashers, mixers, can
openers, etc., are often separated from the color set by only
a thin wall and all of these devices create stray mugnetic
fields which can affect the color screen,

The degaussing assembly used by RCA is mounted around
the sereen of the CRT tube as shown in Fig. 1. The degauss-
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Fig. 2. Current through degaussing coils depends on warm-up
resistance of thermistor R1 and voltage-dependent resistor R2.
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Fig. 1. The steel-laminated ring with associated coil mounts
around the color tube to act as a permanent degaussing coil.

ing system consists of sheet steel laminations on which four
degaussing coils are mounted. After the four coils ure in
position. the segments are riveted together to form a ring.
The reason for bulging the steel ont between the coils is to
reduce magnetic impedance and provide maximum flux.

Degaussing action is brief and occurs only during the set’s
warm-up period. The length of the degaussing period is de-
termined by R1 (Fig. 2), a thermistor connected in series
with one side of the power transformer secondary. \When the
set is turned on, the tubes draw no current and R1 is cold. As
the cold resistance of this device is about 120 ohms, this
allows current to flow through the degaussing coils L1
through L4 and through R2. This latter resistor is voltage-
dependent and limits the current through the coils. The re-
sistance of R2 increases when the voltage across it decreases.
The varving field set up in the coils causes a corresponding
magnetic field in the laminated metal shield which circles the
screen, just as the technician’s degaussing coil does.

As the tubes start to draw more current, R1 heats up and
its resistance drops. This reduces the current through the
degaussing coils until, when properly hot, R1 is only about 4
ohms. At that point the current throngh the degaussing as-
sembly drops to a negligible value since R2 increases until it
is much higher than R1. The entire warm-up period takes less
than a minute, but this is sufficient to properly degauss the
color picture tnbe. Actnally, the most important features of
proper degaussing are the location of the magnetic field,
which is factory preset. and the gradual reduction of the
strength of the field, which is governed by the warm-up cvele
of R1. Both of these factors are automatic and need no ad-
justment. What is more, degaussing tukes place every time
the set is turned on from a cold start. assuring freedom from
strav magnetic fields when the customer wants to use the set.

RCA has found in preliminary field trials that the anto-
matic degaussing feature saves initial degaussing at most
installations and also reduces the number of “nuisance” culls.
Because automatic degaussing is provided, set owners no
longer will experience the varving color impurities which
seem to change from day to day and which present such a
headache to the service technician. Thus a relatively simple
device and circuit have solved another of the apparently
random bugs which have plagued color set owners. A
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INNOVATIONS IN
RECEIVING TUBES

Without much fanfare, a number of changes
are being made in vacuum tubes to improve

By JOHN R. COLLINS

I vou examine the current literature on electronics, vou
can hardly fail to come away with the impression that
receiving tubes are a forgotten component, being over-

shadowed by dramnatic discoveries in semiconductors, thin
films, and the more esoteric microwave tubes. This is un-
fortunate Dhecause receiving tubes are an excellent example
of continued product improvement through applied engi-
neering. Compared with those produced a decade ago, mod-
ern receiving tubes give much longer service on the average,
are capable of fur greater amplification, will operate at much
higher frequencies, and are less subject to noise and micro-
phonics. As a result, new radios and television sets give
generally superior perfornance, often with a smaller tube
complement.

Although new envelope shapes and sizes are readily ap-
parent by casual inspection, other innovations involve new
alloys or internal structures, and are evidenced by hetter per-
formance with less heat, lower noise, and fast warmup.

Design Problems

In its primary mode of operation, a conventional or space-
charge control tube is an amplifyving device that depends on
the control of a stream of electrons emitted by a cathode and
collected by an anode or plate. The electron stream is regu-
lated by one or more grids located between the cathode and
plate. With d.c. potentials applied to the plate and grids, a
steady-state plate current Hows whose magnitude is deter-
mined largelv by the geometry of the structure and the ap-
plied voltages. The plate current can be varied as desired by
superimposing a signal voltage on the control grid.

A tube is a good amplifier if a small input signal at the
control grid produces a much larger output at the plate. The
figure of merit, called mutual conductance, is expressed by
the relation, G, =1/ R, where G,, is mutual conductance, p is
amplification factor, and R, is dyvnamic plate resistance.

A good tube will obviously have high i« and low R,, where
w is determined by the effectiveness of the grid in shielding
the cathode from the plate. Closer spacing of grid wires will
merease g, aud so will increasing the separation between the
grid and the plite. Dynamic plate resistance (R,.) depends on
the geometry of the tube elements. It can be reduced by using
a large cathode and by reducing the spacing between tube
clements. The ability of a tube to perform at v.h.f. or uw.h.f.
depends largely on its transit time and interclectrode capac-
itances. Transit time must be short and is reduced by close
spucing of electrodes. Interelectrode capacitances, which
must also be smuall. increase in proportion to the size of the
electrodes and their proximity to one another.

Ingenuity is necded to assure that measures devised to im-
prove one factor do not adversely affect another.

Studies show that 30 to 80 percent of all receiving tube
failnres are accormted for by open heaters, shorts, arcing, and
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their performance while reducing their size.

gas; with open heaters far in front. While it is unlikely they
will ever be entirely eliminated, the average life of a vacuum
tube has been greatly increased during the past several years
by attacking these common causes of failures.

Heaters

Heaters are made from fine tungsten wire, either coiled or
tolded, and are usually coated with aluminum oxide for insu-
lation. They burn out in use from recrvstallization and em-
brittlement of the metal due to successive heating and cool-
ing. Recently, a new technique was discovered based on
altering the over-all crystalline structure of tungsten through
the addition of a small amount of rhenium. Heaters made of
this material will give thousands of honrs of service withont
any deterioration when operating at the high temperature
that is necessary.

A second great stride in reliability is the so-called “durk
heater.” Although each mannfacturer has his own process and
methods are confidential, dark heaters in general are formed
by coating the wire with an overcoating of a substance that
will improve heat emissivity. As a result, a dark heater can
be operated at a lower temperature while still giving the same
performance (i.c., supplving the same amount of heat to the
cathode) as an nnprocessed heater operated at a much higher
temperature.

The reduced temperature made possible by the use of a
dark heater retards recrystallization of the tungsten and thus
mcreases heater life. Reliability studies now in progress indi-
cate that heater failures due to the heater material itself can
be virtually eliminated by the techniques described. The
failures that still occur in tubes with improved heaters are
mostly attributed to faulty workmanship.

Cathodes

Receiving tube cathodes are usually high-purity nickel
sleeves in which heaters are encased. Purity is necessary be-
cause extraneous elements cause operating difficulties. Cop-
per, for instance, sublimes in a vacunm at relatively low
temperatures, creating electrical leakage paths between tube
elements where resistance should be very high. Sulphur
causes poisoning of the cathode couting and is very harmful
to electron emission.

Tungsten, on the other hand, is sometimes added to the
nickel cathode to improve its heat strength, and to lessen the
possibility of shorts caused by the cathode howing at high
temperatures.

Electron emission is provided by coating the cathode with
a mixture, nsually of barium and strontium oxides, which
gives high efficiency at relatively moderate heat. The coating
was traditionally applied by spraving or dipping and thick-
ness was impossible to control with great accuracy. Recently.
however, a new film-casting process has been developed
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whereby emitting materials are produced in the form of self-
supporting films of any desired thickness from about 0.25 to
40 mils, to a tolerance of 0.1 mil. They are wrapped around
the nickel sleeves to form so-called “sarong” cathodes.

This technique provides an extremely accurate and mniforn
chemical and mechanical emitting surface. It has resulted
in better control over electrode spacing, contributing to more
uniform current density over the entire cathode area and thus
giving consistent tube characteristics and a lower noise figure.
The closer spacing made possible by the small tolerances in-
creases efficiency and allows lower heater power.

Aun instant-heating cathode to be used in conjunction with
transistorized equipment has been developed by the Amperex
Llectronic Corp. Known as the “harp cathode” (Fig. 2). it
consists of a large number of parallel, closelv spaced oxide-
coated tungsten wires wound on a rigid frame. This design
lends itself to variations of each of the three dimensions. so

CATHODE

GRID

-——METAL SHELL

CERAMIC
— WAFER
BASE

s '----.
“INDEXING ="
LUGS

Fig. 1. Cutaway view of a typical nuvistor miniature tube.

that it cun be made long or short, thin or thick. A tyvpical
harp-cathode tube, the tvpe 8408, also contains a frame grid
and provides power output of 6 watts at 500 mc. Harp cath-
odes warm up in less than % second. They need a current of
several amperes at a voltage of 1.1 to 1.6 volts, and this is

usually supplied by means of a push-pull transistor oscillator.
Grids

Any relative motion between the various elements muaking
up the tube structure will change the geometry of the system
and cause a change in anode current, in the same manner as
a fluctuation of the potential on one of the grids. Changes in
anode current resulting from such mechanical movements
canse undesirable microphonics. If the movement of tube ele-
ments is great enough, two elements may touch, producing a
temporary short and a spike of impulse noise.

While it is virtually impossible to eliminate all micro-
phonics, notable improvement has resulted from frame-grid

September, 1964

Fig. 2. Because this instant-heating cathode warms up in less
than 1/, second, it is being used with transistorized equipment.

construction techniques. These structures muke use of a rec-
tangular grid frame that is designed for greater stiffness in
all directions. The greater rigidity makes it possible to wind
grid wires much closer together without danger of shorts.
Frame grids also permit notable improvement in amplifica-
tion factor and mutual conductance. Closer winding of grid
wires (up to 500 wires per inch, with positional accuracy of
%5 microns) provides greater isolation of the plate from the
cathode, thus increasing ji. At the same time, R, is reduced by
closer spacing of tube elements, made possible by greater
rigidity.

The use of frame-grid tubes has permitted a striking re-
duction in the number of amplification stages needed in the
i.f. svstems of modern television receivers. The function of
the if. svstem is to amplify the video signal from the mixer
to provide adequate output at a bandwidth great enough to
retain picture detail. Linearity is needed to prevent undesir-
able cross-modulation. Although four or five tubes, such as
tvpe GAUG ((,, =14450), were needed to achieve the desired
result in carly sets, it is now practical to reduce the i.f. stages
to two. Modern tubes designed for this kind of service include
frame-grid types 6JK6 (G, —18,000) and 6JL6 (G,
15.500). Another frame-grid tube especially suited for use
as a wide-band amplifier is tvpe 8233 (G, —43,000).

Anodes

The anode, or plate. of a tube must be a good thermal con-
ductor to permit the dispersion of heat evenly over the en-
tire surface. If hot spots develop, radiated heat may damage
other elements. Hot areas (Continued on page 90)

Fig. 3. Cross-section of one new tube shows the unique plate
construction used to reduce the interelectrode capacitance,

/’\
o

BEAM PLATE PLATE

N
\

SCREEN GRID

CONTROL GRID CATHODE

55

www.americanradiohistorv.com


www.americanradiohistory.com

-
F
3

HilH

Even if you lack a trained ear, you
can put a piano “on key” with the
aid of a test instrument that tunes
to correct harmonic and beat note.

By FREDERICK VAN VEEN / General Radio Co.

PIANO TUNING—THE ELECTRONIC WAY

OOD piano tuners, it seems, are becoming increas-
ingly scarce—so scavce, in fact, that it’s not unusual
to find a tuner “hooked solid” for several weeks in

advance, especially just before a holiday. This state of af-
fairs, coupled with the renewed popularity of the piano, may
interest many piano owners in the art of piano tuning. It
there is electronics in your background and especially if
there are certain types of clectronic instruments that are
available for vour use, piano tuning can be simplified to the
point where vou need not be afraid to do something about
the clinkers coming from that old piano.

Basie Tuning Procedure

Tuning a piano, as almost evervone knows, is basically a
matter of adjusting the tension of the piano wires so that
the notes occur at the frequencies assigned to the equally
tempered scale. The tuner, after calibrating one note against
a tuning fork or other standard, strikes that note together
with a note 2/3, 3/2. or 3/4 of the reference note’s frequency,
in such combinations that the second, third, or fourth har-
monic of the second note should nearly equal the second or
third harmonic of the reference note. (“"Nearly,” rather than
“exactly.” because of the compromises of the equally tem-
pered scale.) The tumer adjusts the second note for the proper
beat frequency and then uses that note as a reference for
another, and so on in a “knight’s tour” of a central octave.
This octave is then used as the reference for all other notes
on the kevboard.

The actual adjustment of wire tension involves use of a
special wrench, which fits over the square ends of the pins
to which the wires are attached. The long handle on such a
wrench provides the necessary leverage and sensitivity of
adjustment.

Throughout most of the kevboard, there are three strings
per note. The usual procedure involves tuning the center
string of each note and then setting the adjacent strings to
unison. (The idea is to avoid creating stress unbalances that
might damnage the piano.) While tuning the first string of a
two- or three-string note. tuners use rubber wedges to “damp
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out” the companion string or strings. Sometimes a long strip
of felt is tucked along an octave or so, ribbon-candy stvle,
to damp the “outside” strings of three-string notes.

Wrench, wedges, u strip of felt, and a tuning fork or two
are the basic tools of the trade, plus one of the excellent
handbooks covering the mechanical aspects of tuning and
the proper care of a piano (c.g., “Plano Tuning and Allied
Arts” by William B. White). The piano is a delicate, expensive
mstrument, and von should not try to tune a piano for the
first time withont reading such a handbook. The results
of such an attempt could be catastrophic.

Recognizing the Beats

Assuming that one is familiar with the basic procedure
and with the mechanical aspects of tuning, the most difficult
part for the inexperienced tuner is usually recognition of
the beat frequencies in the presence of the much londer
fundamentals. To one who has been tuning pianos for vears,
the beats are as clear as church bells. This ability to recog-
nize the proper beats, even at the high and low ends of

Table 1. Filter frequencies for the standard tuning sequence.
The values are for the central octave, after tuning C; with
respect to a tuning fork or other standard. A plus sign in
the middle column indicates the note should be tuned above
zero beat; minus sign indicates tuning to be below zero beat.

NAMES OF TONES |[NO. OF BEATS FREQ. AT WHICH
Ref.—Tuned PER SECOND |BEATS ARE HEARD (cps)
C.—F; + 0.6 523
C .-G, 0.9 784
G,—D. —0.7 587
D.—A; 1.0 880
A,—E. 0.8 660
E.—B, —1 988
B.—FZ, 0.8 740
Fz,—C=2, - 0.6 554
Cz,—G=, —1.0 831
G=z.—-D=, -0.7 622
Dz .—A=; —1.0 932
Az —F —0.8 698
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the kevboard, is probably the piano tuner's most valuable
asset.

Lacking a trained ear, one can call on some electronic
help to filter out the fundamentals and pass only the desired
harmonics. The filter must be tunable, of course, and must
cover the audio range. Such a filter is the General Radio
Type 1232-A Tuned Amplifier and Null Detector (see “A
Tuned Amplifier and Null Detector with One-Microvolt
Sensitivity” by A. E. Sanderson in the General Radio Experi-
menter, Vol. 33, No. 7, July, 1961), with a tunable frequency
range from 20 cps to 20 ke., low noise level, small size (8” x
6” x 74”), and battery operation. The only other equipment
needed, beyond the usual piano-tuning implements, is a
microphone connected to the input of the filter and a pair
of high-impedance headphones connected to its output.

For each note pair struck, it is necessary to set the fre-
quency control on the filter to pass the desired harmonics.
Table 1 lists these frequency settings for the entire central-
octave tuning sequence. Note that for all pairs except the first,
the tuned note is adjusted for a beat frequency on the flat side
of zero beat. The octaves on either side of the ceutral octave
can easily be tuned to the central octave. As (110 cps), for
instance, can be tuned so that its fourth harmonic is at
zero-beat with the second harmonic of A, with the filter set
at 440 ¢ps. Such straight-octave tuning can be used for all
but the extremely high and low ends of the keyboard, where
one must call on “expanded-third” or other techniques de-
scribed in the handbooks. By noting the harmonic relation
of any prescribed note pair, one can easily determine the
frequency at which beats should be heard, and set the
filter frequency accordingly.

Using a Counter

If one has access to a {requency counter, each note can
be tuned directly to its proper fundamental as indicated by
the counter, without recourse to harmonic techniques. A
tuned filter is once again needed, between the microphone
and the counter. Accuracy of direct-frequency measurement
is limited to =1 cps, a fairly significant percentage at the
low end of the kevboard. With a “universal counter,” one
can switch to period or multiple-period measurement and
thus gain more than enough precision. The period of Aq
(27.50 cps) for instance, is 0.036364 second. A counter with
a 100-ke. time base indicates this as 3636 for a single-period
measurement, 36364 for a 10-period measurement.

Since period measurements are made in terms of time
rather than frequency, a conversion table must be used.
Table 2 gives period indications for the entire keyboard. The
five digits given are as they appear on a “universal counter”
with a 100-kc. time base, set for single- or multiple-period
as noted. The five digits given will be found to offer far
more precision than the “settability” or frequency stability
of the average piano justifies.

The counter can probably best be used as a check on
tuning adjustments made by the usual harmonic procedures.
The tuned filter is really all that is needed to do a first-
class job, and it is doubted that much time is saved or ac-

September, 1964

NOTE FREQ. PERIOD | NOTE FREQ. PERIOD

Ag 27.500 36364 Fq 349.23 28634

o 29.135 34323 Fia 369.99 27028

B 30.868 32396 G. 392.00 25510

C, 32.703 30578 Giis 41530 24079

LS 34.648 28862 A, 440.00 22727

D, 36.708 27242 Af, 466.16 21452

D#, 38.891 25713 B, 493.88 20248

E, 41.203 24270 - Cs 523.25 19111

F, 43.654 22907 2 Cés 554.37 18038

F3, 46.249 21622 8 D 587.33 17026

B G, 48.999 20409 o D 622.25 16071
5 G, 51.913 19267 =) Es 659.26 15167
a A, 55.000 18182 Fs 698.46 14317
= A%, 58.270 17161 Fis 739.99 13514
B, 61.735 16198 G; 783.99 12755

C, 65.406 15289 is 830.61 12039

Ci, 69.296 14431 As 880.00 11364

D, 73.416 13623 Afs 932.33 10726

Dz, 77.782 12856 B- 987.77 10124

E, 82.407 12135 C, 1046.5 95557

Fs 87.307 11454 Cse 1108.7 90196

Fi, 92.499 10811 D, 1174.7 85128

G, 97.999 10204 Dz, 12445 80354

G, 103.83 96313 E, 1318.5 75844

A, 110.00 90909 Fe 1396.9 71587

A%, 116.54 85807 o 1480.0 67568

B, 123.47 80991 G, 1568.0 63776

C; 130.81 76447 Gie 1661.2 60197

=5 138.59 72155 A, 1760.0 56818

D; 146.83 68106 34 = 1864.7 53628

D4, 155.56 64284 I5 B, 1975.5 50620

i E; 164.81 60676 o G, 2093.0 47778
5 Fs 174.61 5727 8 ¢4 2217.5 45096
o F4, 185.00 54054 = D, 23493 42566
=3 G; 196.00 51020 D%, 2489.0 40177
- G#, 207.65 48157 E; 2637.0 37922
A, 220.00 45454 F; 2793.8 35794

A¥; 233.08 42904 F#, 2960.0 33784

B, 246.94 40496 G, 3136.0 31888

C, 261.63 38222 G#, 3322.4 30099

C#, 277.18 36077 A, 3520.0 28409

D, 293.66 34053 At 3729.3 20815

Di, 311,13 32141 B, 3951.1 25309

E. 329.63 30337 Cs 4186.0 23889

Yable 2. Frequencies (in cps) and periods for the equally tem-
pered scale. The five digits in the ‘‘Period” column are the
readings on a ‘“‘universal’” counter with a 100-kc. time base, set
for single- or multiple-period measurement. These figures may
be read as ‘‘period in microseconds’ for the 10-period measure-
ments. For 100-period measurements, period figures are ten
times the values in microseconds. For the 1000-period meas-
urements, figures are 100 times the values in microseconds.

curacy gained by a top-to-bottom tuning by period measure-
ment.

Tuning pianos with the aid of a tuned filter offers sev-
eral obvious advantages: accuracy of tuning, convenience,
low cost (assuming one has access to the instrument in the
first place). Also, after listening to the beats through the
tuned filter, one soon develops the “piano-tuner’s ear” and
can, if he chooses, do the job in the old-fashioned way. A

A universal counter can be used for direct indication of period of piano notes.

< Tuned amplifier and null detector.

57

wwWwW americanradiohicetorv com


www.americanradiohistory.com

OHN FRYE
In addition to the ignition system, the modern car has a
number of “noise makers” that may require suppression.

NON-IGNITION NOISE SOURCES

carrving a relative signal-strength meter in his left
hand and a pair of grass-clippers, very ostentatiously,
in his right.

“See these?” he demanded of Mac, waving the sharp points
uncomfortably close to his employer’s nose. “You'd never
guess these clippers were a TV service tool, now would vou?
But they were all I used to clear that weak-reception com-
plaint.”

“Let’s hear about it,” Mac said resignedly. “I'll get no peace
until I do.”

“Well, when I put the signal-strength meter on the antenna,
1 found signals were away down, especially on the higher
channels. Suspecting a broken lead-in, I went outside to look;
and I nearly flipped when I found morning glory vines planted
directly beneath the lead-in and the motor control wires and
climbing both clear to the top of the tower. The owner ex-
plained he thought the bare wires looked ugly running up
alongside the house and he had deliberately planted the morn-
ing glories there to hide them.

“I had him watch Channel 13 while I climbed the tower
and stripped away the runner twined closely around the lead-
in. He said every time a chunk of vine came down the picture
strength went up; and when I finished, the picture was the
best he had ever seen it. That's the sort of odd-ball situation
a technician encounters very rarely, but he’s gotta realize such
things can happen. Say, that reminds me! Remember about
a month ago we were talking about suppressing ignition inter-
ference without impairing engine performance?”

“Yes, and I've been intending to get back to the subject.
What about it?”

“1 was browsing through some literature from the Cham-
pion Spark Plug Company at Homer’s garage the other day,
and they made quite a to-do about the bad effects of reversing
ignition-coil primary connections. The polarity of the spark-
plug terminal should be negative with respect to the block;
but if the coil primary connections are hooked up incorrectly,
the terminal becomes positive. Under these conditions you
need 35-45% more voltage to fire the plug. Hard starting and
rough engine idle often result. It also figures that adding re-
sistor suppression to such a reversed system would aggravate
the condition and make vou think the car wouldn’t tolerate
suppression, when all vou really needed to do was reverse
the coil polarity.”

“Is this condition very common?”

“I read an estimate someplace that a third of all the cars
on the highway today have reversed primary connections, but
Homer and other mechanics with whom I've talked think
that’s way too high. They say you encounter the condition
just rarely enough to make you overlook the possibility when
you shouldn’t.”

“I suppose vou could touch the high voltage probe of a
v.t.v.am. or v.o.m. to the plug terminal and determine if it were
negative by watching which way the meter kicked when the
plug fired.”

“Yeah, but there’s another quick-and-dirty method. You pull

BARNEY clumped noisily into the service department
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off a plug wire and arrange the connector about a quarter-inch
away from the plug terminal. Then vou insert the point of a
wooden pencil into this gap while the motor is running, If the
spark flares and turns orange on the plug side of the pencil
point, the coil is correctly wired. If the flare and orange tint
is toward the connector, reverse the coil primary connections.”

“That’s good addenda to our discussion of ignition-noise
suppression,” Mac applauded; “but now let’s talk about sup-
pressing other kinds of noise. Ordinarily, ignition interference
is strong enough vou don’t realize the other noise is there until
vou get rid of the ignition racket; then it comes in annoyingly
clear, the way the unnoticed ticking of a clock seems to build
in volume as the house quiets down.

“The battery-charging system is usually the worst offender,
especially in cars emploving a d.c. generator instead of an
alternator. Arcing between the brushes and the commutator
segments of the generator armature and between the contact
points of the voltage-regulator relays produces the interfer-
ence. The generator produces a high-pitched musical whine
that doesn’t stop instantly when the ignition is shut off at fast
idle. The pitch changes with motor speed. The first thing to
do is make sure the commutator is perfectly round with the
mica properly undercut, the segments are clean, and the
brushes are in good condition. There’s no point in creating
unnecessary interference to be suppressed.

“The voltage regulator puts out a haphazard, ragged rasp-
ing sound that also continues briefly after the ignition is cut off
a rapidly turning motor. A .53-4f. high-current coaxial capacitor
(such as C-D #NFF-0538) should be installed right at the
generator ‘Arm.” terminal. Then .1 or .2-xf. high-current coax-
ial capacitors (C-D #NFF-315D or equivalent) should be
connected to the ‘Bat.” and ‘Arm.” terminals of the voltage reg-
ulator. An ordinary capacitor should never be connected to
the ‘Field’ terminal of the voltage regulator. Instead, a special
filter, consisting of an .002-xf. capacitor in series with a 5-ohm
resistor can be installed between the ‘Field” terminal and
ground. All wiring between the generator and the regulator
should be shielded; and all shielding, including the cases of
the coaxial capacitors, should be well grounded. So should
the frame of the generator, all generator shields, and the volt-
age-regulator case.

“Probably the easiest way out is to use a universal low-volt-
age suppression kit, such as the Sprague Tvpe SK-1 ‘Suppresi-
kit®” which includes all the capacitors and the filter I have just
mentioned together with the shielded wiring and a coaxial
capacitor for the ignition-coil primary. Detailed instructions
show you how to install it.”

“Isn’t a tunable generator filter sometimes a help?”

“Yes, in a few cases a parallel-tuned trap inserted in the
generator output lead and tuned to the receiver frequency
will take out the last bit of generator noise. For the CB band,
this could consist of eight spaced turns of #10 wire wound on
a 1”7 form and tuned with a 30-pf. compression-type mica
capacitor. The capacitor is adjusted for minimum noise in the
receiver with the engine running.”

“How about alternators on modern cars? Do they give
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THE CARTRIDGE

HOBSON'S CHOICE?
S NEVER AGAIN!

V-15

ITS FUNCTION, ITS FEATURES. ..

The ultimate! 15° tracking and Bi-Radial Ellip-
tical stylus reduces Tracing (pinch effect), 1M
and Harmonic Distortion to unprecedented
lows. Scratch-proof. Extraordinary quality con-
trol throughout. Literally handmade and in-
dividually tested. In a class by itself for repro
ducing music from mono as well as stereo
discs
Designed to give professional performance!
Elliptical diamond stylus and new 15° vertical
tracking angle provide freedom from distor-
tion. Low Mass. Scratch-proof. Similar to V-15,
except that it is made under standard quality
control conditions.

A premium quality cartridge at a modest price
15° tracking angle conforms to the 157 RIAA
and EIA proposed standard cutting angle re-
cently adopted by most recording companies
IaM and Harmonic distortion are remarkably
low . cross-talk between channels is ne-
gated in critical low and mid-frequency ranges.

A top-rated cartridge featuring the highly
compliant N21D tubular stylus. Noted for its
sweet, “’singing’’ quality throughout the aud
ble spectrum and especially its singular re-
creation of clean mid-range sounds (where
most of the music really ““happens’”.) Budget-
priced, too.

A unique Sterco-Dynetic cartridge head shell
assembly for Garrard and Miracord automatic
turntable owners. The cartridge “tloats” on
counterbalancing springs .. makes the stvlus
scratch-proof . ends tone arm “bounce ™

September,
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A best-seller with extremely musical and trans
parent sound at rock-bottom price. Tracks at
pressures as high as 6 grams, as low as 3 grams.
The original famous Shure Dynetic Cartridge.

-I/If, in 1631, you went to rent a horse from Thomas Hobson at Cambridge, England, you took\u
the horse that stood next to the door. And no other. Period. Hence, Hohson’s Choice
means No Choice.

And, as recently as 1961, if you went to buy a true high fidelity stereo phono cartridge, you
bought the Shure M3D Stereo Dynetic. just as the critics and musicians did. 1t was ac-
knowledged as the ONLY choice for the critical listener.

Since then, Shure has developed several models of their Stereo Dynetic cartridges—each
designed for optimum performance in specific kinds of 'systems, each designed for a specific
kind of porte-monnaie.

We trust this brief recitation of the significant features covering the various members of the
'\Shurc cartridge family will help guide you to the best choice for you.

If floor vibration is a problem. Saves your

J’I

IS YOUR BEST SELECTION

If your tone arm tracks at 1'/2 grams or less
(either with manual or automatic turntable)—
and if you want the very best, regardless of
price, this is without question your cartridge
Itis designed for the purist . . . the perfection-
ist whose entire system must be composed of
the finest equipment in every category. Shure’s
finest cartridge. $62.50.

If you seck outstanding performance and your
toncarm will track at forces of 34 to 1Y/2 grams,
the M55E will satisfy—beautifully. Will actually
improve the sound from your high fidelity
system! (Unless you're using the V-15. Shure’s
finest cartridge.) A special value at $35.50.

If you track between ¥4« and 1Y/2 grams, the
M44-5 with .0005” stylus represents a best-buy
investment. If you track between 12 and 3
grams, the M44-7 is for you . particularly if
you have a great number of older records
Both have “'scratch-proof” retractile stylus
Lither model under $25.00

for 2 1o 2'/2
your present

gram tracking. Especially fine if
set-up sounds “muddy.” At less
than $20.00, it is truly an outstanding buy.
(Also, if you own regular M7D, you can up
grade it for higher compliance and lighter
tracking by installing an N21D stylus.)

records. Models for Garrard Laboratory Type
“A”, AT-6. AT-60 and Model 50 automatic
turntables and Miracord Model 10 or 10H
turntables. Under $25.00 including head shell,
0007” diamond stylus

| . s
If cost is the dominant factor. Lowest price of

any Shure Stereo Dynetic cartridge (about
$16.00) . . with almost universal application.
Can be used with any changer. Very rugged.

Steree@Dyurtin®

HIGH FIDELITY PHONO CARTRIDGES ... WORLD STANDARD WHEREVER SOUND QUALITY IS PARAMOUNT

Shure Brothers, Inc., 222 Hartrey Ave., Evanston, !llinois

CIRCLE NO. 217 ON READER SERVICE PAGE
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Add to Your Profits in
Radio-TV Repairs with

PROFESSIONAL
APPLIANCE SERVICING

Learn easily, quickly with
NRI’s new course

Appliance Servicing is a natural, profitable
side-line for Radio-TV Repairmen. The
boom in clectric appliances mcans greater
profits for you. There are probably hun-
dreds of broken appliances right in your
neighborhood.

Free book tells you about profitable
opportunitics for you to increase your in-
come fust.

NRI, the world-famous home study
school, now offers a new, low-cost course
to prepare you quickly for extra profits.
Training includes appliance test equipment
and covers—

* Small and Large Home Appliances
¢ Farm and Commercial Equipment
¢ Small Gasoline Engines

—there is even a special course arrange-
ment to learn air conditioning and refrigera-
tion.

1f you are in business for yowrself, course
costs can be tax deductible.

Send for FREE book describing op-
portunitiecs and details of course—plus a
sample lesson. There’s no obligation and
no salesman will call. Send coupon below
or write:

Appliance Division, Dept, 502-0914
National Radio Institute
Washington, D.C. 20016

Accredited Member National
Home Study Council

1 Appliance Division, Dept. 502-094 1
1 National Radio Institute 1
b1 Washington, D.C. 20016 1
1 Please send Free Book on Pro- 1
1 fessional Appliance Servicing and 1
I Sumple Lesson. 1
: Name :
1 Address 1
: City Zone 1

1
1 State 1
1 1
! 1
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much trouble in causing interference?”

“Very little. With brushes riding on
smooth copper slip rings, there’s no arc-
ing as long as these rings are kept clean
and the brushes make good contact. Now
and then a defective diode rectifier can
cause intermittent noise. Most alternators
are factorv-equipped with a special ca-
pacitor to protect the rectifiers and sup-
press radio noise. No other capacitor
should be substituted for it. The alter-
nator voltage regulator contains only one
relay instead of the three used in a gen-
erator-tvpe regulator, and a . 1-f. bypass
capacitor across the contacts will quiet
G

“I saw a Field Service Bulletin from
General Motors saving a few cases of CB
radio noise had been encountered with
1-D Series ‘Delcotron®” alternators. The
suggested cure was to connect a metal-
cased .5-uf. capacitor between the R’
teriminal lead and ground. The capacitor
lead was simply spliced to this lead and
the splice taped. The case of the capaci-
tor was firmly gronnded to the alternator
case. It was suggested vou be darmed
sure vou didn’t connect the capacitor to
the ‘T terminal lead.”

“Fine!” Mac said. “Once vou've qui-
eted the charging svstem down, vou may
begin to hear sender units for the oil
pressure, temperature, and fuel gauges.
The oil-sender puts out a low-pitched
clicking whose frequency varies with oil
pressure. A .1-uf. coaxial capacitor in-
serted in the lead coming out of the
sender and going to the gauge will quiet
it. Gauges with rlieostat-tvpe senders
will give a hissing, crackling sound when
they are jarred or the car is rocked with
the ignition on. Give them the same
treatment as the oil-sender. Incidentally,
don’t forget new cars may have a minia-
ture voltage regulator tucked away at
the rear of the instrument cluster that
uses vibrating points to regulate the volt-
age for thermal-type fuel and tempera-
ture gauges to approximately 5 volts.
This can be a source of interference, but
a.Ll-af. capacitor can usually be installed
across the output without removing the
regulator.”

“Accessory motors quite often muke
noise,” Barney offered, “but thev're easy
to spot and to cure. For example, if vou
hear a noise only when the heater blower
is running, vou know yvou can connect a
bypass capacitor from the hot wire to
groimd right at the motor and stop the
racket. The same goes for other motors
used in a car.”

“About all that’s left is wheel and tire
static,” Mac reflected. “This takes the
form of an irregular popping or rushing
sound heard only in dry weather at fairly
high speeds. When vou touch the brakes,
the sound disappears. The first thing to
do is to install static collectors in the
front-wheel hubs or make sure collectors
already present are making satisfactory

www.americanradiohistorv.com

electrical contact with the spindles.”

“I know a case where a collector was
really producing noise.” Barney inter-
rupted. “The cotter key holding the spin-
dle nut from turning was not properly
tucked in, and a split end was touching
the static collector once each revolution.
It made a rhyvthmic clicking sound in the
radio that varied with the speed.”

“That’s another of those morning-
glory-vines-climbing-the-lead-in cases,”
Mac said with a grin. “Tt doesn’t happen
often, bnt it can be a headache when it
does. If rolling noise persists, the next
thing to do is to put graphite anti-static
powder in the tires with a special appli-
cator, A final resort is to ground the
brake shoes with flexible braid.”

He paused, and Barney could see him
raking his mind for any noise-suppress-
ing ideas he had overlooked. Finally the
older man continued.

“Practically never will all these meas-
ures be needed in one installation. T've
deliberately tried to talk about noise
sources in their usual order of magni-
tude: ignition, charging system, gauges
and motors, tire static, etc. My thought
was that a technician should be able to
go right down the list until the receiver
was quiet enough to suit him. But T know
from experience that individual cars do
not always follow this classic pattern.

“The best wav is to identify the source
of the loudest interference and quict it.
Then proceed to the loudest remaining
interference and stop that. At each step
the over-all noise level will be dropping,
and when vou are satisfied with the re-
ception, quit. That way vou will not
be wasting equipment and effort on units
that are actually not producing any ob-
jectionable noise.”

“But how do vou know when you’ve
reached the quitting point?”

“Well, when vou begin to hear the
noise from every passing car much loud-
er than the normal backgromnd noise in
the receiver or when a weak FM station
temporarily disappears every time vou
meet another car, voure about there,”
Mac said. “At that point, noise emanat-
ing from vour car will seldom be the
limiting factor in vour reception.” A

COLOR TV

LRSS

“Is it an Ektachrome or a Kodachrome set?”

ELECTRONICS WORLD


www.americanradiohistory.com

EW Lab Tested
(Continued from page 18)

microphone by comparison to our stand-
ard, whose respouse is known over the
20 to 15,000-cps range. This technique,
although subject to some errors with mi-
crophones of different directional prop-
crties, gives a reasonable approximation
of the true response of a microphone,
and correlates well with listening tests.

The response curve of the SK-46 ve-
locity microphone proved to be excep-
tionally smooth and flat, within =4 db
from 22 to 10,000 c¢ps. The output falls
at a 12 db/octave rate above about 9000
cps. The exceptionally good bass re-
sponse is the result of the close speaker-
to-microphone spacing. At greater dis-
tances, the low-frequency response starts
to fall off at a much higher frequency.
This is characteristic of velocity micro-
phones and is shown in the manufac-
turer’s published response curves for the
SK-46. Qur measurements substantially
confirmed the manufacturer’s ratings,
except that we found the response above
6 ke, to be somewhat better than the
published values. The curves accom-
panying the microphone showed the
free-field response falling off below 1000
cps at a 2 or 3 db/octave rate. Most pub-
he-address and recording applications
will result in a response somewhere be-
tween the “close-talking” and “free-
field” conditions.

We made tape recordings with the
microphone, comparing the sound to that
from other comparably priced dynamic
microphones. It has a pleasingly clean,
natural sound, with no detectable colora-
tion as long as the sound source is a foot
or more from the microphone. Closer
spacing adds noticeably to the bass re-
sponse, with male voices becoming
boomy under close-talking conditions.
The output from the SK-46 was suffi-
cient to drive the high-impedance inputs
of typical home tape recorders, even
when it was wired for 200 ohms imped-
ance.

The rejection of side response was
superior to that of any of the cardioid
dynamic microphones we have tried. In
fact, it was possible to hold the micro-
plione within a foot of the loudspeaker
which it was driving without getting
acoustic feedback, even at relatively
high gain settings, as long as it was care-
fully oriented to take advantage of its
directional properties.

The RCA SK-46 is an excellent-qual-
ity ribbon microphone, with sound qual-
ity in all ways comparable to that of anv
microphone in its price class, as well as
to many more expensive microphones.
In situations where acoustic feedback is
a problem, its outstanding directional
properties make it especially valuable.

It sells for $49.50. A

September, 1964

Who says a
professional-grade,
ribbon-type mike
has to cost a
small fortune?

Most audio engineers agree that
microphones with ribbon-type gen-
erating elements give the best
acoustic performance obtainable...
the smoothest, most distortion-free
response over the broadest fre-
quency range.

Most ribbon-type mikes are
therefore quite expensive...up in
the hundreds of dollars.

But not the RCA SK-46. It gives
you a frequency-response of 40 to
15,000 cps

*®
...and it costs only $49'50

.

What’s so special about
ribbon-type mikes?

There are 7 basic types of micro-
phone generating elements: rib-
bon, condenser, magnetic, dynamic,
ceramic, crystal and carbon. RCA
sells all 7, so we can be relatively
impartial about the advantages of
the ribbon type.

A typical ribbon element (spe-
cial aluminum alloy foil 0.0001”
thick) weighs only about 0.25 mil-
ligram—hundreds of times lighter
than generating elements in, say,
dynamic and condenser mikes. The
ribbon, in fact, is as light as the
air mass that moves it, which ac-
counts for its exceptional sensi-
tivity.

In fact, of all 7 types of generat-
ing elements, the ribbon-type ele-
ment is superior in:

% Smoothness of response
% Breadth of frequency range
% Immunity to shock and vibration

% Adaptability to various imped-
ances

% Low hum pickup

% Immunity to temperature and
humidity variations

That’s why most of them cost so

much.

But now you can get the re-
markable RCA SK-46 bi-direc-
tional ribbon-type mike at Y our
Local Authorized RCA Micro-
phone Distributor — For Only
$49.50%,

For full technical information—
or the name and address of your
nearest distributor—write: RCA
Electronic Components and De-
vices, Dept. 451, 415 So. 5th St.,
Harrison, New Jersey.

*Optional Distributor Resale Price

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

A4
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26 Heathkit Values...There Are

Why Do More People Choose Heathkit Electronics Over Any
Other Kit Manufacturer?

1. 8 Great Product Lines To Choose From! Over 250 kits . . . the
world’s largest selection! Stereo hi-fi, amateur radio, test & serv-
ice, marine, laboratory, educational, automotive, home & hobby
kits . . . somcthing in every line to fit every nced and budget.

2. Quality You Can Count On! Name brand components com-
bined with experienced design to insure up-to-date performance
and dependability. The world’s most experienced kit engineers,
using the latest techniques, develop, produce & test every kit for
case of asscmbly and highest quality.

3. Factory To You Savings! No distributor markups, no dealer
profits . . . just prompt, to-your-door delivery! You put your
money in the product, not it’s distribution. Add the savings of

“do-it-yourself,” and you'll see why Heath is your best buy.

4. Fast & Simple To Build! Every kit is designed with the kit
builder in mind. No special skills or knowledge nceded. And the
famous Heathkit manuals leave nothing to question . . . just clear,
non-technical language supported by carefully detailed illustra-
tions. You're assured of professional results!

5. Extra Service! An expert staff of technical correspondents to
answer any question about selection, construction and use of your
kit . . . factory repair service with original parts should you ever
need it . .. time payment convenience with liberal terms and casy
monthly payments. Get the complete Heath story including de-
scriptions of all 250 Heathkit products . . . use the handy order
form, and send for your Free Catalog now!

ety Stereo/Hi-Fi Kits

All-Transistor, AM /FM /FM Stereo Receiver AR-13 . . . $195.00
—43 transistor, 18 diode circuitry for cool, instant, hum-free
operation, plus the quick, uncompromising beauty of “transistor
sound.” Compact, yet houses two 20-watt power amplifiers (33
watts cach, IHF music power), two preamplifiers, and a wide-band
AM/FM /FM Sterco tuner. Attractive new “low-silhouette” wal-
nut cabinet. Just add 2 speakers for a complete stereo system.
34 lbs.

Deluxe All-Transistor, AM/FM /FM Stereo Tuner AJ-43 . . .
$119.95—Up to the minute AM, beautifully quiet FM, thrilling
natural FM Stereo . . . all reproduced in the exciting new dimen-
sion of *‘transistor sound.” Features 25-transistor, 9-diode cir-
cuitry, automatic switching to stereo, AFC, sterco phase control,
filtered outputs for direct, beat-free stereo recording, and hand-
some tan vinyl-clad stecl cabinet. 19 Ibs.

Matching Deluxe All-Transistor 70-Watt Stereo Amplifier AA-21
««. $139.95—Enjoy the quick, unmodified response of every in-
strument, each with its characteristic sound realistically repro-
duced. No compromising! Enjoy 100 watts of IHF music power
at +1 db from 13 to 25,000 cps. Enjoy cool, instant, hum-free
operation from its 26-transistor, 10-diode circuitry. Simple to
assemble. 29 lbs.

Low-Cost All-Transistor AM/FM /FM Stereo Tuner AJ-33 ...
$99.95—Fcatures 20-transistor, 10-diode circuitry for cool, “hum-
free” operation and longer life, built-in sterco demodulator, AFC
for drift-free reception, stereo broadcast indicator light, filtered
outputs for direct, beat-free stereo recording, concealed secondary
controlsto prevent accidentalsystemchanges, and “*low-silhouette”
walnut cabinet. 17 lbs,

New FM /FM Stereo ‘“Tube-Type’’ Tuner AJ-13... Only $49.95!
Easy to own! Only 3 simple controls to operate. Features built-in
FM stereo circuitry, stereo indicator light, automatic frequency
control for drift-free reception, flywheel tuning, lighted slide-rule
dial, external antenna terminals, preassembled, prealigned ‘““front
end,” and new mocha brown, beige & black color styling. Matches
the AA-32 Amplifier. 16 |bs.
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Matching All-Transistor 40-Watt Stereo Amplifier AA-22 . . .
$99.95—Produces a full 66 watts IHF music power at + | db from
15 to 30,000 cps. Quick, clean, unmodified “transistor sound.”
20-transistor, 10-diode circuitry for cool, instant, trouble-free
operation and long life. 5 stereo inputs for versatile performance.
Concealed secondary controls. Handsome “low-silhouectte” wal-
nut cabinet. 23 lbs.

O © v QO f

?

New 16-Watt ‘“Tube-Type’’ Stereo Amplifier AA-32 ... $39.95!
An incxpensive way to start a modern sterco system in your home.
Opcrates with magnetic as well as ceramic phono cartridges; de-
livers full power (20 watts IHF) within +1 db from 30 to 30,000
cps; has full-range controls, 4 sterco inputs, 2 four-stage pre-
amplifiers, 2 push-pull power output stages; plus new mocha
brown, beige & black color styling. Matches the AJ-13 tuner.
15 lbs.

ELECTRONICS WORLD
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244 More To Choose From!

Home Entertainment Kits

Deluxe AH-Channel High Fidelity 21" Color TV Set GR-53A ... $399.00
—Compares in features & performance to sets costing $800! Tunes all
UHF & VHF channels, 2 thru 83, to bring you sharp, true-to-life color
and black & white pictures, plus hi-fi sound. Exclusive built-in self-
servicing center . . . allows you to adjust and maintain set yourself. Fea-
tures high definition 217 color tube with anti-glare bonded safety glass;
24,000 volt regulated picture power; Deluxe Standard-Kollsman VHF
tuner with push-to-tune fine tuning & new transistor UHF tuner; 26-
tube, 8-diode circuit. All critical assemblics prebuilt & tested! Goes from
parts to picture in just 25 hours! Can be wall mounted or installed in
Heathkit walnut-finished hardboard cabinet. I year warranty on picture
tube, 90 days on all other parts. You can’t buy a better Color TV set
yet this is priced with the lowest! GR-53A, chassis, tubes, mask, UHF
& VHF tuners, mounting kit, spcaker, 127 Ibs. . .. $399.00 GR A-53-6,
cabinet, 52 Ibs.. .. $49.00.

Deluxe All-Channel Hi-Fidelity 23” Black & White TV Set GR-22A . ..
$199.00—Features UHF & VHF in one unit for all-channel reception.
Exclusive Heathkit advanced TV circuitry for both hi-fi picture & sound.
Incorporates the finest set of parts & tubes ever designed into a TV set.
Simple to build with all critical circuits factory built & tested . .. asseni-
bles in just 12 hours. Can be custom mounted or installed in handsome
walnut cabinet (optional). GR-22A, chassis & tubes, UHF, (no mask),
84 1bs. ... $199.00. GRA-22-1, walnut cabinet, 66 Ibs. . .. $89.95. GRA-
22-2, TV wall mask, 13 lbs, ... $25.95.

1964 Heathkit /Thomas Organ GD-232A ... $349.95—Provides the whole
family with countlcss hours of fun, relaxation, entertainment, education,
and immeasurable satisfaction. Compares in features to organs costing
$700! Can be built & played by beginners—no special skills or knowledge
required! Features 10 true organ voices; new variable repeat percussion
that produces additional banjo, marimba, mandolin, balalaika effects;
two 37-note keyboards, cach ranging C thru C; 13-note heel & toe bass
pedals; expression pedal; keyboard balance control: 20-watt peak power
amplifier & speaker; transistorized plug-in tone gencrators: hand-crafted
walnut cabinet. GD-232A, 156 Ibs. GDA-232-1, walnut bench, 19 1bs.
... 824,95,

New! Heathkit Garage Door Opener System GD-20A . .. $124.90—
Automatically opens garage door & turns on light, Easy one-man instal-
lation. Opcrates overhead track, most jamb & pivot doors up to 8’ high.
Foolproof. Requires no license. Includes pocket-size VHF transmitter
with superhet receiver (both factory assembled) plus simple-to-build
mechanism. Units also available separately. 69 Ibs,

New! NELT Transistor Ignition System Kit . . . Only $34.95—Save $35!
Features 4-transistor, zener-diode protected circuitry: built-in conver-
sion plug for switching to conventional ignition. Operates on 6 or 12 V.
DC pos. or neg. ground system—installs casily on all cars, foreign &
domestic. Completely scaled against moisture, corrosion, etc. Simple to
assemble . . . everything included. 7 bs.

New! Motor Speed Control GD-973 .. . $17.50—Reduces power tool
speed without loss of operating efficiency. Ideal for use with drills, saws,
mixers . . . any power tool with a universal AC-DC motor with a rating
of 10 amperes or Iess. Prolongs life of drill bits, blades and other attach-
ments. Has Silicon Controlled Rectifier with feedback circuit that slows
motor, yet maintains high torque power! Adjustable speed control lets
you dial desired motor speed. 3 Ibs.

September, 1964

GR-53A

(less cabinet)

GR-22A

*199”

(less cabinet & mask)

GD-232A

'349*

{less bench) P

i
K

GD-20A

$]249l]

GDP-134

34

GD-973

$] 750
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Test Instrument Kits

World’s Largest Selling Vacuum Tube Voltmeter IM-11 . .. $24.95—A
versatile performer anywhere in electronics! Features a new single
AC/Ohms /DC probe; 7 AC, 7 DC, & 7 Ohms ranges; easy-to-read 415"
200 UA meter; |9, precision resistor for high accuracy; and an extended
low frequency response of + | db from 25 cps to | mc. Functions include
AC volts (RMS), AC volts (peak-to-peak), DC volts, resistance and db
measurements. Easy circuit board assembly. 5 lbs. Assembled IMW-11
... $39.95.

Deluxe ‘‘Service Bench’ Vacuum Tube Voltmeter IM-13 . . . $32.95—
Measures AC volts (RMS), DC volts, resistance & db. Separate 1.5 &
5 volt AC scales for high accuracy; “gimbal™™ mounting bracket for easy
bench, shelf or wall mounting; meter tilts to any angle for best viewing;
smooth vernier action zero & ohms adjust controls; large, easy-to-read
6" 200 UA meter: and single AC /Ohms/DC test probe. 7 Ibs. Assembled
IMW-13 ... $49.95,

Extra Duty Wide-Band 5” Oscilloscope 10-12 . . . $76.95—Boasts pro-
fessional styling & features at low cost! Has 5 mc bandwidth for color TV
servicing, famous Hcath patented sweep circuit—(i0 cps to 500 kc),
push-pull vertical & horizontal amplifiers, and two circuit boards &
wiring harness for quick, casy assembly. Other features include positive
trace position controls, pecak-to-peak calibration reference, automatic
sync circuit, Z-axis input, SUP1 CR tube, and a husky power supply.
Excellent linearity with lock-in characteristics allow stable waveform
presentations at upper frequency limits. 24 lbs. Assembled IOW-12 . . .
$126.95.

Professional Sine-Square Wave Generator 1G-82 . . . $51.95—1deal for
any application in service and general laboratory work. Less than .25%,
sine wave distortion. Less than .15 microsecond square wave rise time.
Sine & square wave output available simultaneously. Covers 20 cps to |
mc in 5 bands. Features exact frequency calibrating system for proper
dial tracking. 13 lbs.

Quality Heathkit Tube Checker IT-21 . .. $44.95—Simplifies servicing

. eliminates guesswork! Tests all tube types, including new Com-
pactron, Nuvistor, Novar and 10-pin miniatures. Features multi-
colored ““Bad-?-Good” meter scale; and constant tension, free-rolling
roll chart mechanism. Individual tube element switches protect against
obsolescence. Has color-coded wiring harness for fast, easy assembly.
Compact size with handy carrying handle make it ideal for field use.
12 tbs.

New! Heathkit FM Stereo Generator 1G-112 . .. $99.00—Produces all
signals required for trouble-shooting & alignment of multiplex adapters,
FM tuners and receivers. Generates mono FM or composite stereo FM
signals. Switch selection of 400 cps, 1000 cps, 5000 cps, 19 k¢, 38 kc,
plus 65 kc or 67 ke SCA test signals for complete alignment capability.
Simple to assemble and operate. 10 lbs.

Heathkit Audio Generator Kit 1G-72 . .. $41.95—Produces near-perfect
sine wave audio signals. Less than .1 of 19 distortion between 20 and
20,000 cps. Output level and frequency accurate to within + 59%.
Switch selected output frequencies, 10 cps to 100 kc. Large 415" 200
UA meter calibrated in volts and decibels. Qutput attenuator operates
in steps of 10 db, and is calibrated in 8 full scale meter ranges. 8 lbs.

64 ELECTRONICS WORLD
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FREE CATALOG

See these and over 250 other
exciting Heathkits availablein
easy-to-build kit form. Save
50% or more by doing the easy
assembly yourself! Send {or
your free catalog today!

Note: All prices and

Buy Now—Use this Order Blank «---==saesseeaeecs | -

HEATH COMPANY, Dept.15.9-1 ORDER
Benton Harbor, Michigan 49023 BL A NK

O Please send free Heathkit Catalog.

Citizen’'s Band Kits

Deluxe ‘‘Master Station’® Transceiver GW-42 . . . $119.95—Operates
“mobile™ or *‘fixed” with built-in 3-way power supply. Other deluxe
features include 5 crystal-controlled transmit & receive channels, built-in
4-tone selective call circuitry, all-channel receiver tuning, tuning meter,
adjustable squelch, switchable automatic noise limiter. Complete with
AC & DC power cables, PTT microphone, and crystals for I channel
(specify). 23 1bs.

New Versatility! 2-Way Citizen’s Band Radio MW-34 . . . $89.95—
Provides 5 watts of input power for reliable communications from boat
to boat, car to boat, car and home. Features 5 crystal-controlled trans-
mit-receive channels (one transmit crystal on front panel); variable
recciving tuning with spotting switch; 3-way power supply (6 or 12 V.
DCor 117 V. AC); RF stage for superb reception; and attractive black,
white, & blue Heathkit marine styled cabinet, 19 lbs.

5-Channel Citizen’s Band Transceiver GW-22A . .. $59.95—Low cost!
Ideal for business or personal communications. S crystal-controlied
transmit & receive channels; superheterodyne receiver with RF stage;
built-in squelch & automatic noise limiter; PTT crystal microphone; and
crystals for one channel (specify). GW-22A (117 v. AC, less selective
call). GW-22D (6 or 12 v. DC, less selective call) . . . $64.95. 14 lbs.
GW-32A (117 v. AC, with sclective call) . .. $84.95. GW-32D (6 or 12
v. DC, with selective call) . .. $89.95. 15 lbs.

Powerful I-Watt ‘‘Walkie-Talkie’> GW-52 ., . . $74.95 each—10-
transistor, 2-diode circuit; 3-mile inter-unit operation; crystal-controlled
transmit & receive; rechargeable $20 battery; built-in 117 VAC battery
charger; FCC license pack; crystals for 1 channel (specify). 4 Ibs.

Deluxe 9-Transistor ‘‘Walkie-Talkie’> GW-21 ... $44.95 each—1 to 3
mile operation range; portable—battery powered; crystal-controlled
transmit /receive; superhet receiver; built-in squelch & automatic noise
limiter; crystals for | channel (specify). 3 Ibs.

Low Cost 4-Transistor ‘‘Walkie-Talkie’> GW-31 ... $19.95 each—1-
mile operation; crystal-controlled transmitter; super-regenerative re-
ceiver; 75 hour operation. Only $35.00 a pair! No license, forms, tests
or age limit. Less battery. Crystals for 1 channel (specify). 2 lbs.

New! Heathkit ‘‘Ham-Scan’ Spectrum Monitor HO-13 ... $79.00—
Adds *'sight” to sounds of amateur radio and CB operations. Operates
with virtually all receivers in use today. Monitors up to 100 k¢ of band
spectrum—>50 k¢ on either side of the signal to which you are tuned.
Ideal for spotting band openings, checking carrier & sideband sup-
pression, or identifying AM, CW, or SSB received signals. 12 lbs.

specifications subject .
to change without no- Quantity

Model

Description Wt. Price Ea. Total

tice.
Enclosed find (] check

[] money order.

Please ship C.0.D. (J

On Express orders do
not include transporta-

tion charges—they will
be collected by the ex-

press agency at time of
delivery.

On Parcel Post orders

include postage for
weight shown.

All prices are net
F.0.B. Benton Harbor,

Michigan and apply to
Continental U. S. and
Possessions only. 20%

all C.0.D. orders.
NAME

deposit is required on  SHIP VIA: (J Parcel Post [J Express [J Freight [J Best Way Total

Postage

ADDRESS

(Please Print)

CITY
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MODEL $5724

NEW SOLID STATE
Crown RECORDER
= THAT’S PRICED
UNDER $900

COMPARE PERFORMANCE

Quarter-Track Record/Play Data

ips db cps s/n
7Va 50 — 25,000 54db
3% -+ 50 — 15,000 45db
1% 43 30 — 10,000 45db

COMPARE VERSATILITY

Incorporates the Crown use-tested
solid state control center, featuring
plug-in circuitry modules for quick
adaptation to a variety of specific
uses in home, commercial and labo-
ratory recording. Audio circuitry,
db from 10-100,000 cps. Third head
permits playback while recording.
Complete pushbutton control. And,
many other features.

THE HALLMARK

INVEST OF CROWN —
IN CROWN SUPERLATIVE
CRAFTSMANSHIP
QuaLiTy THROUGHOUT!

INDIVIDUAL PERFORMANCE
RECORD SUPPLIED
WITH EACH CROWN

WRITE DEPT. EW-09

@x:.mm

INTERNATIONAL

1718 Mishawaka Rd. * Elkhort, Ind.

CIRCLE NO. 174 ON READER SERVICE PAGE

T the present writing, we are aware

of seven different color-TV systems

proposed by various countries around

the world. Recently, we heard about an

eighth. The latest approach comes from

Dr. N. Mayer of the Institut fur Rund-
funktechnic, Munich, Germany.

This new method came as a result of
the delay, until April 1965, in the se-
lection of a color-TV system for use in
Europe. During previous discussions,
principal criticism of the NTSC system
revolved around the susceptibility of
the chromatic subcarrier to amplitude-
dependent phase distortion due to
multi-path reception.

In conventional NTSC reception, the
reference burst occurs at the black level
while the chrominance signal rides up
and down dependent on the luminance
signal amplitude. If the phase distortion
is dependent on the level, then the
phase of the chrominance signal will
change with respect to the color burst
with signal level changes. This will pro-
duce color changes on the received pic-
ture. If, on the other hand, the reference
burst were to ride up and down on the
luminance signal, together with the
chrominance signal, then the relative
phase between burst and the chromi-
nance would not be easily altered.

Dr. Mayer then proposes a system
that he calls NTSC+ Additional Refer-
ence Transmission (ART) that uses a
new subcarrier having the same fre-
quency as the color burst but the phase
of the I chromatic signal. Although this
new system has a somewhat different
circuit than conventional NTSC, Dr.
Mayer claims that his new method will
be compatible with conventional NTSC
receivers but that the ART color system
will be immune to differential phase dis-
tortion (up to 40°) and therefore less
susceptible than ordinary NTSC to
multipath reception distortions.

This system will be discussed at the
next European color TV meeting.

Rare Earth Red

Because of the low efficiency of the
red phosphor under cathode-ray excita-
tion, the blue and green phosphors of
most present-day color CRT’s have to
be operated at low brightness levels to
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keep the gun ratios at acceptable limits.
This has kept the over-all brightness at
the screen of the CRT at a reduced

level, necessitating viewing in low
ambient light.

If the beam current of the three guns
were increased in an effort to make the
color picture brighter, the red phosphor
sometimes exhibited a shift in color
towards orange so that true red could
not be experienced at high beam cur-
rents and other colors containing red
would be distorted.

In an effort to muke brighter color
pictures, Sylvania has introduced a new
rare-earth red phosphor (europium)
that overcomes the limitations of the
older red phosphors so that color CRT’s
using it are about 40% brighter than
those currently used. This new red phos-
phor does not change color at the higher
beam currents, and therefore all three
guns can operate at a higher level, pro-
ducing a higher brightness color picture.

The new phosphor came from an in-
terest in laser experiments and has now
sparked the search for rare-earth green
and blue phosphors which may lead to
even brighter color-TV pictures.

Sensitivity

Have vou ever wondered just how
sensitive a detector could be made if
someone really made the effort? Well,
down at the National Bureau of Stand-
ards, someone has done just that.

They are in the midst of a search
for an attenuation measurement system
having accuracies on the order of .0001
db and for a detector that would not
be a degrading factor in the measure-
ment.

The detector that was developed has
a sensitivity of 36 picovolts (36 x 10-12
volts, or 36 micromicrovolts) and cap-
able of responding to a signal 210 db
below 1 volt. This value, obtained with
a 30-second integration time, is only 17%
greater than the theoretically possible
29.9 picovolts attainable with this cir-
cuit.

In the old ham days, it was said that
a sensitive receiver could hear two wires
being rubbed together in AC4-land
(Tibet to the uninitiated). Looks like it
might happen real soon. A
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H.F. Transistors

(Continucd from page 52)

of the device has been optimized to
cnhance its  switching  characteristics.
However a transistor listed as a switch-

ing device also makes a good amplifier. |

Transistors that are specified as ampli-
fier devices have an f,,,,,, which is higher
than fr for like reasons. A comparative
chart of fr and f,,, for a 2N741 ampli-
fier transistor is shown in Fig. 6.

Il f,... 1s known, the maximum avail-
able gain at frequencies between f,,,.
and fa, may be found using Fig. 1.

An example may be helpful. Suppose
a transistor is being considered for an
r.f. amplifier at 3¢ me. Probably the first
and most important consideration is gain
at the operating {requency. Assume vou
locate a high-frequiency transistor that
looks attractive price-wise, but the only
high-frequency parameter given is an
e, of 400 me. First, use Fig. 7 to find
fr. Possibly i, and I, are not known,
so assume Ny, = 1. The value obtained
for fr from Fig. 7 is 320 mec.

Since nothing is given about f,,,.. or
power gin, assume f,,. approximately
cquals 1.3 fr, or 416 mc. Using this
value of f,,4,, find the power gain at 50
me. using Fig. 1. The result is 18.5 db.
which means that the transistor is ca-
pable of providing about 18.5 db power
gain at 50 me.

By now some readers may feel that
so  many approximations have been
made that perhaps this entire article has
been a waste of time. However, the
approximations have been made in the
interest of greatly simplifving the de-
termination of expected high-frequency
performance  when only  a  limited
amount of information about the transis-
tor is available. Further, the assumptions
made will often be as accurate as the
parameter given since individual tran-
sistors mayv vary as much as 100% from
tvpical parameters  given in  some
CQses. A

GLOSSARY OF SYMBOLS

Symbol Definition

hib Common-base a.c. forward current

gain (alpha)

hine  Value of hib at 1 ke.

hee Common-emitter a.c. forward current
gain (beta)

hico Value of hi. at 1 ke.

fah Common-base current-gain  cut-off
frequency. Frequency at which hy,
has decreased to a value 3 db below
hpye thyy, = 0.707 hy,,)

fae Common-emitter, current-gain cut-off

frequency. Frequency at which hi. has
decreased to a value of 3 db below
hi.q the = 0.707 h;, }
fr Gain-bandwidth product.
at which hj. = 1 {0 db)
G. Common-emitter power gain
Maximum frequency of oscillation,
Frequency at which G, — 1 (0 db)

Frequency

finax
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Announcing the new line of world-

famous Sc..c. v 2an Kits...

ASSEMBLE YOUR OWN ALL-TRANSISTOR
SCHOBER ELECTRONIC ORGAN

Designed hy organists for organists. the
new Schober Recital Organ actually
sounds like a fine pipe organ. The newly-
invented Schober Library of Stops pro-
vides you with an infinite number of extra
voices so that you can instantly plug in
the exact voices you prefer for a particular
Kind of music. Thirteen-piston, instantly
rescttable Combination Action makes the

New, All-Transistor
Schober Consolette I1

Here's the most tuxuri-
ous “home-size™ organ
available today ... with
the same circuitry and
musical design us the
impressive Recital Or-
gan. Full 61-note man-
uals, 17 pedals, 22 stops
and coupler, 3 pitch
registers, and authentic
theatre voicing leave little to be desired. Musically
much larger than ready-made organs selling for
$1800 and more . .. the Consolette I, in kit form,
cosls only $850.

New Schober Spinet

The Schober Spinct is
among the very smallest
genuine electronic or-
guns: only 39V inches
wide, 1t will fit into the
smallest living room or
playroom —even in a
mobile home. Yet it
has the same big-organ
tone and almost the
same variety of voices as the larger Consolette [
The Schober Spinet far exceeds the musical speci-
fications of ready-made organs selling for $1100
and more. In easy-10-assemble kits . .. only $550.

Schober Organ Kits are sold

All-New, All-Transistor Schober

Recital Organ

® 32 voices. 6 couplers delight
professional musicians. .. make
learning casy for beginners.

® Standard console. pedals. hey-
board correspond exactly to
pipe-organ specifications.

B Printed circuit construction and
detailed. illustrated instructions
make for euasy assembly...no
previous experience necessary.

® Highly accurate church and
theatre pipe tone in 5 pitch reg-
isters make every kind of orgun
music sound “right™.

® Optional: Combination Action,
Schober Reverbatape Unit, Re-
petitive Theatre Percussions.

B All-transistor circuitry makes
possible full 5-vear guarantee.

Recital Organ suitable for the most rigor-
ous church and recital work. The Schober
Reverbatape Unit gives you big-auditor-
ium sound even in the smallest living
room. An instrument of this caliber would
cost you $5000 to $6000 in a store. Direct
from Schober, in kit form (without op-
tional percussions, pistons, Reverbatape
Unit) costs you only $1500.

HERE'S WHY YOU SHOULD
BUILD A SCHOBER ORGAN!

You cannot buy a finer musical instru-
ment for over twice the price. You get
the finest in musical and mechanical
quality.

It’s easy to assemble a Schober Organ.
If you can read and use your hands,
you can easily make your own superb
organ. Everything you need is fur-
nished .. .including the know-how; you
supply only simple tools and time—
no knowledge or experience is re-
quired.

You can buy the organ section by sec-
tion...so you needn't spend the
whole amount at once.

You can begin playing in an hour,
even if you've never played before—
with the ingenious Pointer System
available from Schober.

Thousands of men and women—teen-
agers, too—have already assembled
Schober Organs. We are proud to say
that many who could afford to buy
any organ have chosen Schober be-
cause they preferred it musically.

in the U.S. only by. ..

THE e%?ﬁﬁréf?% ﬁ%{f@? CORPORATION

. 43 West 61st Street, New York, N.Y., 10023
Dealers in Canada, Australia, Hong Kong, Mexico, Puerto Rico and the United Kingdom.

SEND FOR FREE SCHOBER BOOKLET
... Describes the exciting Schober Organ
and opticnal accessories in detail; it in-
cludes a FREE 7-inch “sampler” record
so you can hear before you buy.

Also available:
10-inch high-quality,
fong playing record, ..
fully illustrates all three

—

models with different ,
kinds of music. Price is P
refunded with first kit Y,

purchase... $2.00

CIRCLE NO. 216 ON READER SERVICE PAGE
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The Schober Organ Corp., Dept. RN-33

43 West 61st St,, New York, N.Y., 10023

{1 Please send me, without cost or obliga-
tion, the Schober Organ Booklet
and free 7-inch “sampler” record.

[J Enclosed find $2.00 for 10-inch quality,
LP record of Schober Organ music.
($2.00 refunded with purchase of first
kit.)

Name_ _

Address

City_

————— ]
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send for NEW FREE
CRYSTAL CATALOG
with NEW TRANSISTOR
I OSCILLATOR cmcuns

BIG MODERN PLANTS
TO SERVE YOU BETTER

2 in Fart Myers 1 in Loz Angelcs

HERMETICALLY SEALED
PRECISION GROUND
CUSTOM-MADE
NON-OVEN CRYSTALS

performance with quality con-
Gold or silver

Top
trolled throughaut manufacture,

assured

plating acts as electrodea, Cr als are spring
mounted and sealed under vacuum or filled
with inert gas. Very high frequencey stability,
Max. current capacity i ithi

overtone type, Conformity
cations puranteed,
1000KC to 1600KC (Fund. Fleq) -

Prices on Requcs!
1601KC to 2000KC (Fund. Freq.) ... $5.00 ea.
2001KC to 25C0KC (Fund. Freq.) 4.00 ea.
2501KC to S000KC (Fund. Freq.) - 3.50 ea.
5001 KC to 7000KC (Fund. Freq.) 3.90 ea.

to military specifi-

70C1KC to 10,000KC (Fund. Freq.) ... 3.25 ea.
10,001 KC to 15,000KC (Fund Freq.) 3.75 ea.
15MC to 20MC (Fund. Freq.) 5.00 ea.

OVERTONE CRYSTALS
1SMC to 30MC Third Overtone _ . $3.85 ea.
3CMC to 40MC Third Overtone . .- 4.10 ea,
4CMC to 6SMC Third or Fifth Overtone 4.50 ea.
65MC to 100MC Fifth Overtone _ ... 6.00 ea.

DRAKE 2-B Receiver Crystals
(All Channels—Order by Freq.)

OVEN-TYPE CRYSTALS

For Motorola, GE, Gonset, Bendix, etc.
Add $2.00 per crystal to above prices
SUB-MINIATURE PRICES slightly higher

CITIZEN BAND Class “D” Crystals _____ $2.95
Over 30,000 CB erystals in stock for all sets
and channels. hoth HCH /U and miniature types.
To insure proper correlation and eorrect freq.
operation, order by manufacturer model num-
ber and channel,

Amateur, Novice, Technician Band Crystals

.01% Tolerance . . . $1.50 ea. — 80 meters (3701-
3749 KC) 40 meters (7152-7198 KC), 15 meters
(7034-7082 KC), 6 meters (8335-8650 KC) within 1 KC
FT-241 Lattice Crystals in all frequencies from 370 KC

to 540 KC (o)l except 455 KC and 500 KC) .. $1.25 ea.

Pin spacing '42" Pin diameter .093
Matched pairs — 15 cycles ... $2.50 per pair

200 KC Crystals .. $2.00 eaq.
455 KC Crystals .. . $1.25 ea.
500 KC Crystals $1.25 ea.

100 KC Frequency Standard Crystals in
HC13/U holders . ................
Socket for FT-243 Crystal ________
Dual Socket for FT-243 Crystals .
Sockets for MC-7 and FT-171 Crystals ..
Ceramic Socket for HC6/U Crystals

NOW . .. 48 HOUR SHIPMENT

ALL TEXAS CRYSTALS are made to exacting
specitivations, quality checked, and uncondi-
tionally guaranteed!

Send for our new Citizen Band
Crystal Interchangeability Chart
with Texas Crystals Code System.

ORDER FROM CLOSER PLANT

$ TEXAS CRYSTALS‘:t

DEDPT. R-94

1000 Crystal Drive
FORT MYERS, FLORDA
Phone 813 WE 6-2109

Division of

AND
4117 W, Jefferson Blvd.
LOS ANGELES, CALIF.
Phone 213-731-2258
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Capacitance Transducers
(Continucd from page 40)

electrode of un electrical capacitance.
The electrode is coated with a thin film
of insulating material of constant thick-
ness, such as Teflon or polyethylene, to
provide a suitable dielectric. When the
sensing probe is immersed in the elec-
trically grounded vessel, the conductive
fluid within forms the second electrode,
or ground plate, Hence, the capacitance
increases in direct proportion with an
increase in plate volume aronnd the in-
sulating laver, which may readily be
computed to vield a direct level indica-
tion. To obtain accurate readings, the
undesirable capacitance effect between
the walls of the vessel and the insulated
electrode above the level of the con-
ducting fluid must be negligible com-
pared to the capacitance through the
insulated coating to the fluid itself. For
this reason, the dielectric material must
be kept relatively dry above the liquid
level. To further avoid measurement
errors, the dielectric constant of the
insulating material must be appreciably
independent of temperature.

The principle of indicating and con-
trolling level by capacitance electrodes
may be satisfactorily applied to the
measurement of dry granular materials
or powdered solids contained in bulk
storage bins, One commercially avail-
able inventory control system consists of
a flexible steel probe (insulated with
polyvinyl material), signal detector,
transmitter, and indicating meter. The
capacitance probe is securely mounted
in the storage container which serves as
the grounded electrode, to sense
changes of electrode capacitance as the
material being measured rises and falls
along the probe. These capacitance
variations, which are proportional to the
level or volume of the material, are
relayed to the detector which converts
the information to d.c. where it is dis-
played on the indicator scale as a per-
centage of the maximum height of the
material. Since the actual level is af-
fected by the density of the material,
the reading may be converted into
equivalent weight, This system is also
suitable for multi-probe gauging of
several bins by means of a selector
switch to provide an accurate, instantan-
eous determination of the quantity of
material contained in each bin.

In the pulp and paper industry,
capacitance measuring instruments are
widely used in automatic processing
systems to continuously measure and
control the amount of moisture con-
tained in sheet materials. Since the
efficient production of paper requires
that a uniform product be maintained
with a specified moisture content, it is
necessary to avoid over-drving or under-
drying during the final processing.
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A unique wrrangement is shown in
Fig. 7, in which the transducing ele-
ment utilizes the {ringing capacitance
between two plates and eliminates the
direct capacitance. In this configuration,
the capacitance transducer consists of
two active electrodes (A and B) and a
grounded shield electrode, which are
enclosed in a suitable metal housing
packed with insulating material. The
dielectric material is the fast-moving
sheet of paper which travels across the
stationary transducer so that the elec-
trodes are placed in close proximity to
the surface of the paper sheet, Since the
dielectric constant of water is approxi-
matelv equal to 80 while that for dry
paper is close to 2, the effective dielec-
tric constant for the combined materials
will vary between these limits. Thus,
very small variations in the moisture
content of the paper produce relatively
large changes in the measured capaci-
tance of the transducer.

The operation of this device depends
on the effect of the dielectric fringe field
at the edges of the active electrodes,
which produces capacitance changes as
the moisture of the paper sheet varies
from a wet to a dryv condition. To elimi-
nate the effect of the direct electrostatic
ficld, a grounded shield electrode is
placed between the plates so that any
stray capacitance effects have no in-
fluence on the active elements. In Fig.
7, the measuring bridge is driven by an
oscillator which also furnishes a refer-
ence signal to the phase-detector circnit
in the converter unit, As the sheet of
paper moves past the electrodes, an
error signal is produced which is de-
tected, amplified, and applied to a two-
phase servometer. Phasing is such that
the motor will drive the slide-wire
contact (Rp) in the proper direction
required to reduce the error signal to
zero. The displacement of the slide-wire
contact is directly proportional to the
capacitance of the sensing element, and
hence to the moisture content of the
paper sheet. To provide a visual rep-
resentation of amplitude, the input
signal is mechanically linked to the in-
dicator scale which is calibrated in
percentage of moisture deviation. The
control signal also actuates process
controllers which regulate the temper-
ature of a drying chamber through
which the moving sheet of puper passes.
By this means, moisture content is con-
trolled and maintained within reason-
ably close limits.

Capacitance transducers, by virtue of
their small size, weight, and rugged con-
struction, offer a high degree of ac-
curacy and dependability which are
required for industrial use. Turther-
more, the infinite resolution obtained
with these devices favors the use of
capacitance-measuring  equipment in
modern process instrumentation and
control systems, A
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REDUCING U.HLF.
TV INTERFERENCE

COUPLE of minor irritations can

be removed from your uhf. TV
set with some changes suggested by
RCA.

For some reason, as vet undeter-
mined, silicon and other cfficient solid-
state rectifiers produce a form of oscilla-
tion. These oscillations are radiated by
circuit wiring and picked up by the
w.h.f. input circuits. They appear on the
screen as drifting bars of varving shades
and widths and, at times, can extend
over the lower half of the screen with
the top half normal.

At other times, there can be up to
four sets of light and dark bars cover-
ing the entire screen. This is most notice-
able at low modulation levels.

The problem can be alleviated by the
upper circuit shown in the sketch. The

FEEDTHROUGH
/ CAPACITORS \

POWER ’I i

SOURCE

HORIZONTAL
OUTPUT
TUBE
+

VHE /7 N UMF

e

feedthrough capacitors at the cathode
of each rectifier in the “B+" supply are
used to bypass the radiation to ground.
These feedthrough capacitors can also
be used as a convenient tie point for the
silicon rectifiers.

The second irritation is the so-culled
“snivet” interference that looks like c.w.
interference on the screen. The suppres-
sion circuit for this tyvpe of interference
is shown in the lower portion of the
sketch. By operating the suppressor
grid of the horizontal output tube at a
positive voltage, these oscillations either
disappear or are moved outside of the
TV spectrum.

The level of this bias voltage is crit-
ical. Best results are found in the 40-
to 50-volt range. Below 30 volts, snivets
may still be present while above 70
volts, tube efficiency is impaired. Over
90 volts, both width and high voltage
are drastically reduced. In v.h.f-only
sets, the suppressor grid can be
grounded. A
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BUSINESS SLUMP 4 N

AS TEMPERATURES SOAR ?

DIVERSIFY witH Z-WAY
MOBILE-RADIO MAINTENANCE !

Hundreds of progressive radio servicemen are
filling the summer silump in entertainment ra-
dio—by adding mobile-radio maintenance!
Actually, mobile-radio service is business 12
months out of the year—often on contract basis
—palid for by going organizations. So rise above
competition—and end that summer slump—
send coupon below for “How to Make Money in
Mobile-Radio Maintenance’. It's free!

LAMPKIN 105-B

FREQUENCY METER
RANGE 0.1 TD 175 MC AND UP
PRICE $260.00 NET

THIS BOOKLET IS BASED UPON A CAREFUL
SURVEY OF THE ACTUAL OPERATING PRAC-
TICES OF SUCCESSFUL MOBSILE-RADIO EN-
GINEERS. IT SHOWS TYPICAL CONTRACT
PROVISIONS . . . MONTHLY FEES . . . IN.
STALLATION CHARGES . . . LABOR RATES
- ETC.

FM MODULATION METER
RANGE 25 TO 500 MC
PRICE $270.00 NET

fremmecccccca

LAMPKIN LABORATORIES, INC.

]
MAIL COUPON TODAY WP i e ciomion o mer sieose sen

[0 Free booklet [J Data on Lampkin

Lampkin instruments are the most popular
mobile-maintenance meters.

meters
LAMPKIN LABORATORIES, inc. TN
BRADENTOM, FLA. City. State.
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SDER SERVICE
AUTOMATIC |

TRANSISTORIZED

DA

 Uhio 0 1o oz

DER SULDER JOLIH

Tk OIVAYOUj
WORLD'S FIEs:
BORED SOLDER

BATTERY CHARGER

e CHARGES 6, 8 or 12 V. BATTERIES

e FULL 6 AMP RATE

e HEAVY GUAGE ALUMINUM CASE

e BUILT-IN AUTOMATIC RESET
CIRCUIT BREAKER

-

Guaranteed for 5 Years

Ask your electronic or automotive distributor for
H MobeL No. BC2
MANUFACTURED BY
WORKMAN

lechanic

PRODUCTS, INC.

*Based on cost comparison in current catalogs.

MULTICORE SALES CORP, PORT WASHINGTON, N Y,
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LTARASCTA. FLORIDA
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No matter what job you have today

CIE can help you move ahead
.. fast!
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Get the job
vou want in

Electronics

LEARN WHAT YOU MUST

KNOW ABOUT...
<%"'RANSISTDF‘S
<ﬁ?l.‘.OMMlJNIl.‘.A'!'IDNS
C%INDUSTRIAL ELECTRONICS
%MICRDMINIATURIZATIDN

New “’Check-Point” Home Study Program offers

A COVIMERCIAL
FCC LICENSE...

or your money back

—— ————————————— — — —— ———— ————

Find out how Cleveland
Institute Graduates
benefit from

FREE LIFETIME

Job Placement Service

MAIL CARD TODAY
FOR FREE BOOK =p

WWW americanra

—————————————

Wantabetterjob...with more pay?
SEND FOR FREE BOOK "HOW
TO SUCCEED IN ELECTRONICS”

How to Succeed

in Electronics

|

This 42-page book was prepared specifically for
men with an honest, sincere desire to achieve
success in electronics. If you fit that descrip-
tion... fill out this card, tear it off and mail it
today. There is no obligation.

To: CLEVELAND INSTITUTE OF ELECTRONICS

Please send me “How to Succeed in Electronics”. | am
over 17 years of age and interested in (check one):

[0 Electronics Technology [ Electronic Communications
[ First Class FCC License [ Industrial Electronics

[OBroadcast Engineering [ Advanced Engineering
EW93
Your Occupation
(Print Clearly)
Name —Age
Address County
City Zip

State

Accredited Member National Home Study Council
Approved for Veteran’s Training under Korean Gi Bill

@
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MAIL THIS
TODAY'!

LEARN HOW

15,5

MEN ARE PREPARING FOR
HIGH-PAYING JOBS IN...

%

COMMUNICATIONS

INDUSTRIAL ELECTRONICS

%

AEROSPACE INDUSTRY

g

MOBILE RADIO

%

BROADCAST ENGINEERING

FIND OQUT HOW
YOU CAN JOIN THEM
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It's a fact. The men holding down high-paying. challenging
Jjobs in electronics have one thing in common . . . they know
practical electronic theory. And now . . . thanks to Cleveland
Institute of Electronics . . . you can join this select group of
successful men. First, find “you™ in the picture. Second, read
about the CIE Program that matches your present occupa-
tion. Third, fill out the postage-paid reply card and drop it
in the nearest mail box. You'll soon see why modern. effec-
tive CIE Home Study has helped thousands move ahead in
electronics . . . can do the same for you. But act now. The
demand will never be greater for ambitious men who prepare
themselves for the top jobs in electronics.

Radio-TV Servicemen: Boost your business fast.
Get your Commercial FCC License and service mobile radios
used by police and fire departments, taxi and truck fleets . . .
also maintain marine electronics, broadcast station equipment,
CB, etc. CIE’s First Class FCC License program is the quick
risk-free way to prepare for the tough FCC exam. Switching
to a job in industry? With our comprehensive Electronics
Technology program under your belt . . . you're a cinch to
get just the one you want.

“Ham” Operators: Turn that hobby into a
profitable profession. Prepare for a rewarding job at one of the
country’'s 5,000 Commercial Radio and TV stations. CIE's
Broadcast Engineering program will teach you how to select,
use, maintain all types of Radio and TV station broadcasting
equipment; also prepares you for the First Class FCC License.

@Communications Specialists: want a top job
with a telephone company, a railroad, a pipeline company
or any firm with a big stake in communications? CIE's
Electronic Communications program will change that wish to
reality. Covers mobile radio, microwave; carrier telephony,
too, if you want it. Gets you a Second Class FCC Ticket.

Military Electronic Specialists: Staying in
... or getting out, CIE’s Electronics Technology program will
help nail down your next promotion . . . or land that first
high-paying job in civilian life. You'll learn new electronic
principles . . . know how to apply them for troubleshooting
all types of electronic equipment.

@Electricians: Electronics is here to stay! CIE's
Industrial Electronics and Automation program takes the
mystery out of “exotic” new industrial control systems,
electronic heating and welding, servomechanisms, solid state
devices, ultrasonics, X-ray . . . has everything you need to
understand your new electronic equipment.

Ambitious Men . .. anywhere: Elcctronics
is the world’s fastest-growing industry . .. a 17 billion dollar
business that’s grown 400% in the last 10 years. Right now
there are thousands of good steady jobs just waiting for
trained men. CIE's Electronics Technology program provides

complete understanding of electronics theory and funda-
mentals . . . prepares you for the First Class Commercial
FCC License. Whether you're in Electronics now . . . or just
thinking about changing to this exciting career field; whether
you work in industry. business, government, or the military
. .. this is the program for you.

CLEVELAND INSTITUTE HOME STUDY IS FAST,
ECONOMICAL, EFFECTIVE. HERE'S WHY:

Modern up-to-date material . . . including three exciting new
subjects. Every day .. .the Electronics Industry sees new develop-
ments in equipment, design methods. application techniques.
CIE lesson material keeps pace. For example .. . our new Trouble-
shooting lessons give you a fast, systematic method of locating
faults on any electronic equipment. New lesson material on
Transistors covers this vital subject clearly, concisely . . . shows
how they work, where and how you use them. And a new Micro-
Mminiaturization lesson describes all types of micro components . . ,
cxplains such critical subjects as integrated circuits and microwatt
electronics. I's the kind of knowledge you want--the kind of
knowledge you'll use!

An FCC license . . . or your money back. All CIE Programs
(except Industrial FElectronics and Advanced Engineering) are
backed by our famous Commercial FCC License Warranty:
“lf vou fail the FCC exam for the License specified after completing
Your program . . . all tuition will be refunded.”” Compare this to any
other FCC License offer. You'll see it's about as close to a sure
thing as you'll ever find'!

*“Check-point” programmed learning . .. plus FCC Progress
Reviews. CIE Home Study works! You learn at your best learning
speed. All material comes in small, easy-to-understand segments

- - is "locked-in™ by examples, diagrams, explanations. You learn
thoroughly . .. and remember what you learn! And FCC Licensing
Programs include special Progress Reviews covering hundreds of
questions and answers just like those on the FCC License Exam.
Free nationwide job placement service . . . for life, for every
CIE graduate. Every 60 days .. . while yvou're a student and after
graduation CIE will send you an up-to-date list of many high-
paying job opportunities with top companies across the country.
We'll also provide you with 200 professionally-prepared resumes
to help you land the job you want!

Thirty years of experience . . . highly qualified instructors . . .
accredited. Since 1934, Electronics home study has been Cleveland
Institute’s only business. Our instructors are experts in electronics
and are currently training some 15,500 students. We arc accredited
by the Accrediting Commission of the National Home Study
Council, This Commission has been approved by the U, S. Office
of Education as a “nationally recognized accrediting agency”
under the terms of Public Laws 82-550 and 85-864.

Now is the time
to make your move in Electronics

Mail Reply Card Today

Cleveland Institute of Electronics

DEPT. EW-93

September, 1964

1776 East 17th Street Cleveland, Ohio 44114
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TEST
EQUIPMENT

PRODUCT REPORT

Eico 369 TV/FM Sweep-Marker Generator

For copy of manufacturer’s brochure, circle No. 65 on coupon (page 19).

A

. © .

RYING to re-align a high-quality
FM tuner without a sweep signal
generator is very time-consuming; re-
aligning a TV set without such an in-
strument is well-nigh impos