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Effective April 30, 1964, all
new TV sets must be equipped
to receive the 82 allocated TV
channels. Reception problems
at u.h.f. are more complex than
those at v.h.f. and a good work-
ing knowledge of various u.h.f.
practices are a must to insure
stable high-quality reception.

PARABOLIC ANTENNA
Beamwidth: 15° to 19°
Gain: 14to19db

DIPOLE SCREEN
Beamwidth: 50°
Gain: 2to4 db

Beamwidth: 35° ||
Gain: 5to9db

CORNER REFLECTOR
Beamwidth: 60°
Gain:7to10db

1508

BILLBOARD ARRAY
10 Beamwidth: 35°
Gain:6to14db
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The Most Sweeping Change
in Speaker System Design...
Starts with the New E-V FOUR!

Until now, there have been just two ways
to determine the absolute quality of a
speaker system: the scientific method, and
the artistic approach. But ecach, by itself,
has not proved good cnough.

The scientist, with the help of imper-
sonal equipment, charts and graphs, has
strived to obtain the finest possible mea-
sured results. If the figures were right,
then it /iad to sound right, and anyone
disagreeing was dismissed as *‘not objec-
tive”. But often, two specakers measured
substantially the same, yet sounded quite
different.

On the other hand, the artistic school of
loudspeaker design has depended on the
judgement of a handful of experts whose
*golden cars” were the final yardstick of
perfection. If you didn’t agree with the
experts, your car was ‘“‘uneducated” and
not discriminating. But too often the mea-
sured response of the expert’s system fell
wocfully short of rcasonable performance
—proof that even trained listeners can
delude themselves when listening to loud-
speakers.

Now, with the introduction of the E-V
FOUR, Electro-Voice has pioncered a
blend of the best features of both measure-
ment methods to lift compact speaker
performance to a new level of quality. It
wasn’t easy. The use of both techniques
required extensive facilities, something
E-V ¢njoys in abundance.

E-V TWO

For instance, E-V has one of the in-
dustry’s largest, most completely-equipped
laboratories for the study of acoustical
performance. Actually, the E-V engineer-
ing staff alone is larger than the entire
personnel complement of many other
speaker firms. In the E-V lab, measure-
ment of speaker performance can be made
with uncommon precision. And the in-
terpretation of this data is in the hands of
skilled engineers whose full time is de-
voted to electro-acoustics.

But beyond the development of ad-
vanced scientific concepts,
E-V embraces the idea
that a thorough
study of the
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subjective response to reproduced sound
is essential. E-V speakers must fully meet
both engincering and artistic criteria for
sound quality. Where we differ from earlicr
cfforts is in greatly increasing the sample
of cxpert listeners who judge the engi-
neering efforts.

To this end, experts in music and sound
from coast to coast were invited to judge
and criticize the E-V FOUR exhaustively
before its design was frozen. Adjustments
in response were made on the spot—in
the fiecld—to determine the exact charac-
teristics that define superb performance.
It was not enough to say that a unit necded
“more bass”. What kind of bass? How
much? At what frequencies? These arc
some of the more obvious questions that
were completely settled by immediate ad-
justment and direct comparison.

The new E-V FOUR is the final result
of this intensive inquiry into the character
of reproduced sound. According to wide-
spread critical comment, the E-V FOUR
sound is of unusually high calibre. And
carctful laboratory testing reveals that
there are no illusions—the measurcments
confirm the critics’ high opinion of this
new system.

Of course, it is one thing to design an
outstanding prototypc —and something
else to produce an acoustic suspension
system in quantity at a fair price. It is here
that extensive production facilitics, com-
bined with creative engineering ap-
proaches, guarantee the performance of
cach E-V FOUR. And these same facili-
ties ensure reasonable value. For instance,
the E-V FOUR sclls for but $136.00 with
oiled walnut or mahogany finish and just
$122.00 in unfinished birch. Yet, in judg-
ing its sound qualities, it was successfully

compared with speaker systems
costing as much as $200.00.

We urge you to join inthe
analysis of E-V FOUR com-
pact spcaker performance.
Visit your E-V high fidelity
showroom and compare,
carcfully, this new system.
We feel certain that you
will agree with the engi-
neers and the critics that
the new E-V FOUR offers
a truly full measure of
high fidelity satisfaction.

E-V FOUR components include :

127 acoustic suspension woofer | Ring-diaphragm
mid-range driver | 5" dynamic cone

tweeter | Etched circuit crossover

ELECTRO-VOICE, INC.
Dept. 134N, Buchanan, Michigan

SETTING MEW STANDARDS IM SOUND



NEW! A tape reel that threads itself!

(even in the dark!)

Just lay recording tape inside this new reel and start your
recorder. This exclusive new Scotci® BranD Self-Threading
Reel holds tape firmly, but gently, as recorder starts—actually
threads up automatically. No hooks, no slots, no attachments
no tape fumbles. This reel does away with thread-up prob-
lems. (You wouldn’t really need the light of a match to use it!)
Now, this reel is offered as a take-up reel for only 39¢ in a
special offer from the granddaddy of all tape-makers, 3M.
New reel threads up with all tape thicknesses or with leader
tape. Tape rewinds off reel freely and casily. Solid sides pro-
tect tape agamnst dust and damage. Reel comes complete with
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Lay intape . .. start recorder . . . watch reel thread itself!

November, 1963
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writc-on labels and snap-tight plastic collar that seals reel
cdges against dust, makes reel self-storing without a box.

SPECIAL OFFER SAVES $1.11! Now, you can have one
of these new “Scotch” Self-Threading reels ($1.50 value) as a
take-up reel for only 39¢ with the purchase of three regular 77
reels of a wide variety of “*Scotch” BRAND Recording Tape.
Ask your dealer for the special package, shown below. And
for an expandable, gold-plated tape rack ($4.95 value) that
holds up to 40 reels, send the tabs from three *“*ScotcH”
Recording Tapes, together with $2.50, to 3M Magnetic Prod-
ucts Division, Dept. MDU-113, St. Paul 19, Minn.

Magnetic m
Products cotch
Division COMPANY e L,

CIRCLE NO. 135 ON READER SERVICE PAGE



3 GREAT NEW SCOTT TUNERS

SUPER SENSITIVE

New 310E FM Stereo Tuner

Here’s the multiplex version of the
famous tuner used in the “Telstar”
experiment. Its extreme sensitivity
of 1.9uv, high selectivity, and low
distortion make it the logical choice
for the most critical installations.
Equipped with completely auto-
matic facilities for switching from
monaural to stereo, the 310E is
effortless to use. A unique "'stereo
only”’ mode of operation helps you
find stereo broadcasts faster than
ever before. This is the very finest
tuner possible at the present state
. of the art. $279.95

\ ZaN

TOP PERFORMER

New 350C FM Stereo Tuner

The first, and most popular, multi-
plex tuner ever made now has a
new look, and vastly improved per-
formance to match! Time-Switching
multiplex circuitry pioneered by
Scott assures low distortion and
maximum separation. New im-
proved sensitivity of 2.2uv guar-
antees perfect stereo or mono
reception in the most difficult
signal areas. The 350C offers a
variety of exclusive Scott features
like the precision illuminated tun-
ing meter, separate level controls,
convenient front panel tape outlet,
and Scott’s Sonic Monitor. Truly
a delight to use. $224.95

b

TOP VALUE

LT-110 FM Multiplex Tuner Kit

This is the kit the experts have
unanimously acclaimed as one of
the finest, easiest to build on the
market. The fabulous L'I-110 tuner
gives unsurpassed reception of both
FM Stereo and monophonic FM
broadecasts. Critical front end and
multiplex sections are pre-wired
and factory tested. Wires are al-
ready cut to exact length and
mechanical parts are in place on
chassis. Scott’s exclusive full-color
instruction book positively identifies
each part in full color so you can’t
make a mistake. Even a novice can
expect top performance. $164.95

N 7

How to select the right one for your system

FEATURES

P

S ! o &
Wide Range of
Features and Controls

1. Heavily silver-plated *‘front-end”
for maximum usable sensitivity,
lowest hum, distortion, and noise.
2. Time-Switching multiplex cir-
cuitry for full frequency response
with extremely low distortion.

3. Famous 2 mc Wide-Band detector
for drift-free operation.

4. Sensitive indicator for .accurate
tuning and best antenna orientation.
5. Easy-to-use vernier tuning dial
with logging scale.

N N

310E 350C LT-110
S —— B
Usable
Sensitivity (sv) 1.9 2.2 2.2
Signal:Nt;i;e— X I s F
Ratio (db) 65 60 60
Harmonic S )
Distortion (%) 0.5 J 08 0.8
Drift 002 | 00 | o002
Frequency '
Response
(cps=+1db) 30-15,000 | 30-15,000 | 30-15,000
C-a;;tuTe
Ratio (db) 2.2 6.0 6.0
Selectivity (db) 50 35 35
Spurious k. L
Response
Rejection (db) 85 80 80
AM Suppres- X
sion (db) 60 55 55
Separation (db) 30+ 30 304

L\:H prices slightly higher west of Rockies. Accessory cases extra.

WANT MORE
INFORMATION

Mail this coupon for complete infor-
mation on al‘ the great new Scott
components and kits.

H. H. Scott, Inc.
111 Powdermill Road
Maynard, Mass.

Send me complete information on the
new 1964 Scott line of stereo components
and kits.

Dept. 160-11

Include names of interested friends and
we'll send them duplicate materials.

SCOTT

Export: Morhan Exporting Corp., 458 Broadway, N.Y.C.
Canada: Atlas Radio Corp., 50 Wingold Ave., Toronto

———— ===
e —— 7]
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OUR COVER shows some
typical u.h.f. receiving an-
tennas with their associated
reception patterns and ap-
proximate gain figures. The
many varieties of patterns
point up the fact that an an-
tenna should be chosen for
a particular installation de-
pending on signal strengtn,
multi-path problems, and
how far apart stations are
with respect to antenna
axis. Besides u.h.f. antennas,
the article starting on page
37 also discusses u.h.f. con-
verters, choosing the correct
transmission line, and other
information required in or-
der to obtain best possible
u.h.f. reception (Cover illus-
tration by Otto E. Markevics.)
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captured by Concord

THE
INTERGALACTIC
FORMULA
FOR
AUDIOSONIC
CALCULATION

track stereo record
and playback

speeds:
3 T, 3%, 1%
2 separated 6" speakers

2 dynamic microphones

low price

1 good reasons why
vou should own a

Concord 550 priced under $320

Concord 550’s transistorized operation
assures greatest reliability with free-
dom from noise, heat and hum. Other
features include exclusive “Trans-A-
Track” operation for education and
fun, push button controls, sound-on-
sound and 2 VU meters. Operates thru
amplifiers and speakers of high fidelity
system or completely sclf-contained.
550 D tape deck version available,
less than $230' Prices slightly higher in Canada.

TRANSISTORIZED

CONCORD 550

MAIL COUPON TO:
CONCORO o_gLEcmnmcs CORAPDRATION

OLPI. 24 895 N. CAHUENGA BLVD., LOS ANGELES 38, CALIF,
tor Concord's free booklet **All The Facts'* and the
full story on the 550,

NAaME = =

ADDRESS

oY o STATE
IN CANADA/RECAL INDUSTRIES LTD.. MONTREAL
CHAMPAGNT FATERPRISTS LTD.. TORONTO
CIRCLE NO. 111 ON READER SERVICE PAGE
q

COMING
NEXT
MONTH

ELECTRONIC INSTRUMENTATION

FOR OIL EXPLORATION

Geophysical prospecting techniques
using electronics have led to many suc-
sessful discoveries. Acoustic sounding is
now done with the aid of transistorized
equipment, oscillographs, and the latest
in computers.

MINIATURE VOLTAGE REGULATORS

A simple add-on “series-tube’ regulator
circuit that occupies less space than a
VR tube and its dropping resistor is
covered in this article.

EW ANNUAL INDEX

A listing of all the feature articles which
have appeared in ELECTRONICS WORLD
during 1963—in handy, quick-reference
form.

CAPACITOR FORMER FOR

ELECTRONIC FLASH UNITS

You can build this instrument to pre-
vent storage capacitor deterioration, de-
termine their leakage, and act as a
power source in lieu of batteries.

SIMPLE TESTS FOR
SEMICONDUCTORS
Carl David Todd of Hughes outlines
methods for measuring leakage, gain,

L Electronies World.
|

ELECTRONIC INSTRUMENTATION for DIL £XPLORATION

Aerirgs reere

saturation. and breakdown voltage with
equipment normally on hand in the lab.

CB RADIO-WAVE PROPAGATION

What is responsible [or the sometimes
[reak CB reception? IR, L. Conhaim goes
into the matter of “skip,” ground- and
sky-waqve signals. and what can be ex-
pected in normal transmissions,

INDOOR HORN FOR TV-FM

A scaled-up version of a broadband mi-
crowave horn makes an excellent TV
and FAI antenna which can be mounted
in confined areas such as attic crawl
spaces. B. V. K. French gives details
for building this handy apartment-size
unit.

SCA BACKGROUND-MUSIC MULTIPLEX

For those interested in experimenting
with the reception of “Storecasts,” here
are details on a 67-ke. adapter that can
be used with any Fal tuner.

QUANTUM DEVICES

When certain molecules are excited by
electromagnetic radiations, they change
energy levels. When they drop back to
their previous levels, they give up en-
ergy. John R. Collins explains how the
quantum theory is applied to masers,
lusers, and atomic clocks.

All these and many more interesting and informative articles will be yours
in the DECEMBER issue of ELECTRONICS WORLD ...on sale Nov. 19th.
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not all

cardioid microphones
are alike .

SHURE
BROTHERS, INC.

222 Hartrey Ave.
Evanston, Nlinois

|

U.S. Patent D 190,864: other Patents Pending

November, 1963

TRUE CARDIOID UNIDIRECTIONAL DYNAMIC

MICROPHONE SOLVES ALL THESE

MODEL 5458

COMMON MICROPHONE PROBLEMS!

REFLECTIONS

Feedback occurs where a so-
called *‘cardioid” micro-
phone is used and the speak.
ers are placed to the rear of
the microphone. A common
occurrence in churches, au-
ditoriums, and meeting
rooms.

PROBLEM

Sound bounces off hard surfaces on the
walls, floor and ceiling, in and around
the audience area and the microphone
used is not effective in rejecting these
sounds at all frequencies, and in all
planes about its axis.

PROBLEMS CAUSED BY INEFFICIENT REJECTION OF UNWANTED SOUNDS BY THE MICROPHONE

CAUSES

The Unidyne 111 eliminates this
problem because of effective
rejection of sound at the rear
of the microphone with uni-
formity at all frequencies.
Sounds bouncing off the floor

or other reflective surfaces
that reach the rear of the
Unidyne 11 are rejected.

COLUMN
LOVOSPEAKERS

Unexplained feedback. Col-
umn loudspeakers are used
to distribute sound more
evenly to the audience in
churches and auditoriums.

While column speakers direct the
sound toward the audience, they also
have side and rear sound lobes which
may reach the microphone. Feedback
occurs when the rear and side sound
lobes of the speakers coincide with
the rear and side lobes of a so-alled
“cardioid” microphone,

The Unidyne 111 solves this
problem because it has no
rear or side lobes. Thus it re-
jects the side and rear lobes
of the sound column speakers.

REVERBERANT
BOOM

BoOM

A disturbing, echoing effect
of low frequency sound often
found in churches, large au-
ditoriums, and arenas.

The particular *“‘cardioid” microphone
used fails to retain its unidirectional
characteristics with low frequencies. In
addition, its front response tends to
accent low frequencies of the desired
sounds. These factors result in pickup
and reinforcement of the low frequency
reverberation and boominess charac:
teristic of many halls.

Using the Unidyne 11l Micro-
phone will sotve the problem
because it maintains a uni-
form pattern of sound rejec-
tion in all frequencies, even as
low as 70 cps. The frequency
response also has a controlled
rolloff of the low end. This
prevents reinforcement of the
low frequency reverberation
and diminishes the effect of a
boomy hall.

PROBLEMS CAUSED BY THE MICROPHONE'S

IN

EFFECTIVENESS IN PICKING UP

THE DESIRED SOUND

GROUP COVERAGE
WITH ONE MICROPHONE

A single microphone does
not provide uniform cov-
erage of a group. This is
commonly experienced with
choral groups, quartettes, in-
strumental combos, and
speaker panels.

The particular “cardioid”’ microphone
used lacks a uniform pickup pattern,
so that persons in different positions
within the general pickup area of the
microphone are heard with varying
tonal quality and volume,

The Unidyne 111 affords uni:
form pickup of the group with
a resuiting consistency in
volume and sound quality
among the members of the
group.

USING MULTIPLE
MICROPMONES

NNV PN

variation in the pickup level
and tonal quality exists
throughout the broad area
to be covered. This may oc:
cur in stage pickup of mu-
sical and dramatic produc:
tions, panels and audience
participation events.

The pickup pattern of the microphones
used is 100 narrow, causin? "holes™
and “hot spots”. The off-axis trequency
response of the microphones also varies.

The Unidyne 111 permits a
smoothness in pickup as the
true cardioid pattern gives
broad coverage with uniform-
ity throughout the coverage
area. This eliminates “holes”
“"hot spots”, and the variations
in sound quality and permits
blending many microphones
with ease.

DISTANT piCKUP

Too much background noise
or feedback results when

So<alled “cardioid” and particularty
long range microphones being used are

Use the Unidyne [l to gain
relatively long range with ef-

@ working with microphone at less directional with lower frequencies. fective rejection of sound at a
™~ | desired distance from sound In addition, they have lobes or hot spots frequencies at the rear of the
L._' source. that pick up sound at the rear, resulting microphone.
in the background noise or feedback
problem.
!
CIRCLE NO. 149 ON READER SERVICE PAGE



Select your receiver, transmitter, or VFO

y from easy-to-build International AOC kits.

Simple step-by-step instructions show you

RA D I 0 A M A T E u R how to assemble factory prewired units.
Designed for top performance at a low cost!

RECEIVER KITS TRANSMITTER KIT
This new line of International receiver kits cover a wide range of amateur, A compact package delivering a
citizens band and special frequencies. Designed for AM CwW, or SSB plate input of 50 watts for CW

reception, this basic receiver using a superheterodyne circuit* with re-

generative second detector may be expanded to a more elaborate receiver operation on 80 or 40 meters.

by the addition of other Add-On-Circuits. Sensitivity usable to below 10 12BY7 crystal oscillator—6DQ6 pow-
microvolts for voice and 1 microvolt for code. Nuvistor rf amplifier, mixer, er amplifier. Pi-network final. When
oscillator, |.F. transformer, detector/1st audio, and power audio amplifier. used with AOR-44 receiver, trans-
Tube lineup: 6DS4 nuvistor, 6BE6, 6U8, 6AQ5. Shipping weight: 15 Ibs. mitter operates from receiver pow-
Kit Frequency Price er supply. Meter and TR switch.
. AOR-40 Special $69.00
Receiver AOR-41 150 ke — 450 ke 62.50 '
kit includes AOR-42 2 mc — 6 me 62.50 AOT-50 transmitter kit less power
4" AOR-43 6 mc — 18 me 62.50 i
;peaker AOR-44 80 meter/40 meter 62.50 LAl a”.d bigh DU B/t °.“e.“°
an l:°W°f AQR -85 15 meter/10 meter 62.50 meter novice band crystal. Shipping
supply. AOR-26 6 meter 66.50 ioht:
AOR-47 2 meter 66.50 welghs' Sl $35.00
AOR-48 Citizens 27 me 62.50

*AOR-41 uses a tuned rf circuit with G6BAG

VFO
KITS

The International AOF series of variable frequency oscillator kits is
available in three versions. For example, the AOF-91 kit is a complete
driver unit to be used with 6 meter and 2 meter transmitters. Approxi

POWER SUPPLY

KITS mately .5 watt of power is available on both bands. Tube lineup: 6BH6
AOP-100 350 volts, 150 ma inter- oscillator, OB-2 voltage regulator, 12BY7 buffer-amplifier/ multiplier.
mittent or 100 ma continuous Shipping weight: 5 Ibs.

service, 6.3 volts @ 5 amps. Kit Frequency Price
Shipping weight: 8 Ibs. . $18.50 AOF-89 VFO 8 mc — 9 mc and buffer $22.00
AOP-200 650 volts, 250 ma inter- AQF-90 VFO 8 mc — 9 mc plus buffer

mittent or 200 ma continuous multiplier and 6 meter output 29.00
service, 6.3 volts @ 10 amps. AOF-91 VFO 8 mc — 9 mc plus buffer

Shipping weight: 10 Ibs.  $32.50 multiplier, 6 meter/2 meter output 36.00

INTERNATIONAL CRYSTAL MFG. CO., INC.
18 NORTH LEE, OKLAHOMA CITY, OKLAHOMA

lease ship.
Send free catalog
Name
(prin
Address
City Zone State

18 NORTH LEE * OKLAHOMA CITY, OKLAHOMA

Include sufficient remittance to cover postage. See shipping weight.

6 CIRCLE NO. 128 ON READER SERVICE PAGE ELECTRONICS WORLD



WHAT IS THE COMMON DENOMINATOR
OF AN ANCIENT EGYPTIAN PYRAMID
AND A SUCCESSFUL

MODERN ELECTRONICS CAREER?

A STRONG FOUNDATION!

The Egyptian pyramid was built on a strong foundation. What about your electronics career?

Advancement in electronics depends on a solid understanding of basic principles. If you are
handicapped by a poor understanding of these vital “basics,” you need training—the strong
foundation training offered by Grantham School of Electronics.

Beginning at the beginning, Grantham training progresses in a logical, step-by-step manner
up through the complex theory of the Missile Age—and all of the math you will need is taught
as an integral part of our lessons. Because we represent these all-important basic principles
with maximum penetration, you will learn to think and reason clectronics rather than relying
on half-understood concepts and rote-memory.

The Grantham program is made up of three consecutive steps, and each completed step increases

your value as an electronics man. The following is a ‘“thumb-nail sketch” of the Grantham 3-step

program for electronics advancement:

A Section IA leads to attainment of your First Class FCC License and may be completed in
the classroom or through home study.
Section IB gives you practical experience on a great variety of “live” electronics equipment
in four weeks of intensive, supervised training in the Grantham Student Laboratory.

A Section I offers Advanced Electronics Training through home study and is designed to assure
your advancement after you are on-the-job.

The above program may be taken as a whole, or you may complete only that step which best suits

your individual needs!

To obtain full details on Grantham training, fill out and pem———— Moil in envelape or paste an pastal card— — — — — — — —, .

mail the coupon on the right. We will be glad to send you
(without charge or obligation) our free 44-page booklet, To: GRANTHAM SCHOOL OF ELECTRONICS
NATIONAL HEADQUARTERS DFFICE

CAREERS IN ELECTRONICS. 1505 N. WESTERN AVE., LOS ANGELES, CALIF., 90027

TOGRANTHAM ;o

e,

Please send me your FREE 44.page booklet,
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L s o “CAREERS IN ELECTRONICS."” !
SCHOOL OF ELECTRONICS &L=l | .. |
FIVE CONVENIENT TRAINING DIVISIONS: “oug 1| Lt it l
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1505 N. Western Ave., Los Angeles, Calif., 80027 Hozarar 1 T |
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Exclusive with RC A ...

the faster,
easier way
toward a career
in electronics

Amazing home training method makes learning almost automatic

Exclusive with RCA, "AUTOTEXT'' the revolutionary home
training method introduced by RCA Institutes, Inc., is stir-
ring the interest of thousands. Every day, “AUTOTEXT" is
helping people like yourself join the thousands of other suc-
cessful electronic students who are working toward profit-
able careers right now! This faster, easier way to learn elec-
tronics uses the latest scientific development in the field of
home training—and “"AUTOTEXT"" is exclusive with RCA.

Tested throughout the country. This exciting new trend in
education represents a significant advance in teaching
electronics. People who have been interested in careers in
electronics in the past, but have had difficulty with conven-
tional home training methods, can now begin to master the
fundamental principles of electronics almost automatically.
Tested in schools throughout the country, checked out and
proved with thousands of students, programmed instruction
is helping people learn more quickly and with less effort.

Prove it to yourself now! If you have a natural inclination
or interest in the exciting fieid of electronics, that's all
you need. RCA “AUTOTEXT'' will help you do the rest.

And the future is unlimited. Jobs are available for qualified
technicians in Space Electronics, Communications, TV,
Computer Programming, Automation, and many other elec-
tronic fields. The important thing is to get started now!

Complete course available. Right now, RCA Institutes offers
you a complete Home Training Course (‘“Introduction to
Electronics’') using the “AUTOTEXT' method. You get a
complete set of theory lessons, service practice lessons,
experiment lessons, and all the kits you need. And most im-
portant, *AUTOTEXT"' takes most of the effort out of learn-
ing the all-important groundwork of the electronics field.

FREE OFFER! we’ll send you complete in-

formation on amazing new RCA ‘‘Autotext’” along
with a FREE SAMPLE of a lesson to prove to you how
easy it is to learn this new way. Send the attached
postage-paid card and check ‘‘Autotext’’.

ELECTRONICS WORLD



Wide choice of Home Training
courses in Electronics:

e Autotext ¢ Electronic Fundamentals
Introduction to Electronics (also available in Spanish)
Introduction to Semiconductors

¢ TV Servicing

¢ Computer Programming
¢ Transistors

* Color TV * Electronic Drafting
) ¢ Communications Electronics o Industrial Electronics
¢ FCC License Preparation Automatic Controls

Industrial Applications
Nuclear Instrumentation
¢ Automation Electronics Digital Techniques

¢ Mobile Communications

RCA Institutes Home Training Courses are complete step by step easy-to-
understand units. You get prime quality equipment in the kits furnished to

a O Beball . _ o= 1
l'!r‘,g Jnerss wn0L, [RomIA M you, and all of it is top grade. It's yours to keep and use on the job.
Ny

~=—  Liberal Tuition Plan. RCA Institutes Home Training Courses are available
under a liberal tuition plan that affords you the most economical possible
method of home training. You pay for lessons only as you order them. If, for
any reason, you should wish to interrupt your training, you can do so and you
will not owe a cent until you resume the course. No long-term obligations!

Set Your Own Pace. RCA Institutes Home Training takes into consideration
your own ability, finances and time. You learn at your own speed, in the most
effective manner, with personalized instruction every step of the way. You get
theory, experiment, and service practice beginning with the very first lesson.
All lessons are profusely illustrated—a complete training package in every way.

CLASSROOM TRAINING

RCA Institutes Resident Schools in New York City, Los Angeles and RCA
Technical Institute in Cherry Hill near Camden, N. J.. offer classroom training
that will prepare you to work in rewarding research and production positions
in many fields of electronics. No previous technical training required for
admission. You are eligible even if you haven't completed high school.

Free Placement Service. RCA Institutes Resident School graduates are now
employed in important jobs at military instaliations, with important companies
such as I1BM, Bell Telephone Labs, General Electric, RCA, in radio and TV.
stations and in communications systems all over the country. Many other

- graduates have opened their own businesses. A recent New York Resident
School class had 92% of the graduates who used the FREE Placement Service
accepted by leading electronics companies, and had their jobs waiting for
them on the day they graduated!

Coeducational Day and Evening Courses are available at Resident Schools.
You can prepare for a career in electronics while continuing your normal, full-
time or part-time employment. Regular classes start four times a year.

SEND POSTCARD FOR FREE ILLUSTRATED BOOK TODAY! SPEC.

IFY “AUTOTEXT", HOME STUDY OR CLASSROOM TRAINING. @
RCA INSTITUTES, INC. vept.ews [l s
A Service of Radio Corporation of America, Q‘
. 350 West 4th St., New York 14, N. Y.
Pacific Electric Bldg., 610 S. Main St., Los Angeles 14, Calif. ‘ ’

The Most Trusted Name in Electronics

®
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MINIATURE SPEAKER SYSTEMS
BY JENSEN

Here are two Jensen speakers capable of the sound
you'd expect from much larger units. Perfect far
economical sterec extension . . . compact stereo
hi-fi . . . FM Multiplex stereo. Place them on any
surface, or hang them on the wall. Both feature
Jensen's custom two-tone grille fabrics. Write for
Brochure MX for full details.

NEW ULTRA-COMPACT X-11

2-speaker 2-way system. A special woofer with a
new moving system precisely matched to its
diminutive enclosure is largely responsible for the
truly remarkable performance of the X-11. A 3°
tweeter extends high frequency response to 14,000
cycles. Improved efficiency gives full room volume
with amplifiers of low power rating. Volume is
adjustable by a control on the side of the cabinet.
Dimensions: 6% " H, 131%46" W, 4" D.

X-11 2-speaker 2-way system. May be

used with amplifiers having 4, 8, or 16
9] ohm output. Power rating 6 watts. Ade-
quate room sound with 1 watt to speaker.

tn oiled watnut $29.75

SLIM-COMPACT X-20
;L;..
h.

3-speaker 2-way system. Unbelievably excellent
sound quality is yours from Jensen's famous X-20
speaker system. A specially designed woofer with
powerful SYNTOX-6® magnet, plus two tweeters
provide smooth, wide-range sound. Extra slim . . .
perfect for wall mounting. Side control allows vol-
ume adjustment. Dimensions: 12%4" H, 15%" W,
2%° D.

X-20 3-speaker 2-way system. May
be used with amplifiers having 4,
8, or 16 ohm output. Power rating
6 watts. Adequate room sound

with 1 watt to speaker.

m tnoiled watnut $39.95

JENSEN MANUFACTURING COMPANY
Diwvision of THE MUTER COMPANY
6601 S. Laramie Ave., Chicago 38, Illinois

e

® o

Canada: Radio Speakers of Canada, Ltd., Toronto

Argentina: UCOA, S. A, Buenos Aires

Mexico: Faparlel, S. A., Naucalpan, Mex.,

CIRCLE NO. 129 ON READER SERVICE PAGE
12

{or

NEW YORK

ITH the New York Hi-Fi Show

over, it appears that once again we
have had an exciting, well-attended
show. This is the eighth consecutive vear
that the Institute of High Fidelity, Inc.
| has planned and operated these shows
and this vear's show surpassed all previ-
ous ones. Although the purpose is always
the sume—to serve as a showcase for
component hi-fi equipment—each vear’s
displays, room settings, and components
become more sophisticated.

Even those attending the Show
seemed to have changed. In the early
davs, when the term “hi-fi” carried the
connotation of some strange, mysterious
audio system, those who attended were,
for the most part, technically oriented.
They were more interested in circuit de-
sign” and unusual sound recordings than
in styling. But now technically oriented
enthusiasts, as well as many others who
are not circuit-minded, seem more inter-
ested in the realism of sound reproduc-
‘tion. This is as it should be, and this
vear’s Show concurred.

One of the main attractions was a
“live-vs-recording” demonstration in
which a four-piece instrumental group
plaved specially composed music both
in person and tia tape. The public was
asked to determine when one sound
source took over from the other. This
was the first time that such a large audi-
ence had a chance to participate in this
kind of demonstration.

A greater number of manufacturers
was represented this yvear than at past
Shows. This can be attributed to greater
competition and diversification on the
part of many companies.

As usual, the public attended the
Show to see the new products, talk to
engineers about their audio problems,
and, in general, learn about recent im-
provements in sound reproduction. They
were not disappointed. Although there
have been no major breakthroughs—com-
parable to the stereo disc or FM-stereo
of previous vears—there were changes.
| most of them subtle. The manufacturers
| have made tremendous strides in pro-
viding more attractive panel designs and
cabinets while retaining high-quality
sound reproduction.
| Tape Recorders: In this category there
were many more new products to choose
| from than heretofore and the quality of
reproduction at 3% ips was far superior
to that offered by last vear’s equipment.

Even at 1% ips, in the more expensive
recorders., performance came close to
[ that of early 7%-ips units. Revere-Wollen-

WM.

the record

A. STOCKLIN, EDITOR

HI-FI SHOW

sak (3M) showed its new tape cartridge
recorder which was widely publicized
several vears ago. Althongh it will never
replace the disc record changer, it repre-
sents a new design philosophy and a new
convenience in tape equipment.

Turntables: There were several new
and different designs, most with higher
price tags. The older designs were of-
fered in revised versions with emphasis
on improved appearance and hetter re-
production quality.

Cartridges: Not much change was ex-
pected in this component since quality
of reproduction on almost all units has
been quite high.

Speakers: There were many new de-
signs displaved — but, again, no major
breakthronghs. Improvements in sound
reproduction were evident in a good
many units. Speakers are peculiar in a
way since it is difficult to outline any
single design element that makes for
better sound. Yet, comparing today’s
speakers with those of ten years ago, or
even five vears ago, the improvement is
obvious.

Tuners: Most manufacturers displaved
new designs or up-dated versions of last
vear’s models. The emphasis was on
stereo and on transistorization, with con-
siderable improvement in performance
over last vear’s models.

Amplificrs: There were many new
transistorized designs, and it was in this
area that the technically minded hi-fi
enthusiast found greatest interest. The
subject of tubes ts transistors is the most
controversial one in the hi-fi field today.
There have been no major design inno-
vations since last vear’s Show, but almost
all manufacturers have been concentrat-
ing their engineering efforts on transis-
torized designs. Although engineers still
disagree on many points, such as the
importance of square-wave response,
damping factor, amount of IM and har-
monic distortion, necessarv frequency
response, use of output transformers, and
phase distortion, they all seem to agree
that the semiconductor designs have tre-
mendous possibilities in the near future.
There were many such designs in evi-
dence at the Show, and a few of them
were exceptionally good —to the point
where one might say they compared
favorably with the Dest tube designs
available.

All in all, it was a tremendous Show
and, like many others who had the op-
portimity to attend, we look forward to
what the coming vear will bring in the
way of new and hetter hi-fi equipment. A

ELECTRONICS WORLD



MICROELECTRONICS M

your knowledge i

The photo above shows just one of the dramatic technical break-
throughs of the space age. Each day new developments are out-dating
conventional systems and components—and are out-dating electronics
men who can't measure up to more demanding employment require-
ments. Protect your career by supplementing your education with a
CREI Home Study Program. CREI offers you specialized knowledge in
every field of advanced electronics including new program in Space
Electronics which covers Space Data Systems, Space Tracking Sys-
tems, Spacecraft Guidance and Control. If you work in electronics
and have a high school education, mail coupon for FREE book or
write: Dept. 1111-A, 3224 16th St., N.W., Washington, D. C. 20010.

Acctedited Member of the Nationat Home Study Council §

CRET )

Founded 1927

November, 1963

SEND FOR FREE BOOK

Type of Present Work.
Check: [] Home Study

[J Residence School [ G. . Bill

E-3

1
THE CAPITOL RADIO ENGINEERING INSTITUTE |

Dept. 1111-A, 3224 Sixteenth St., N.W |

Washington, D. C. 20010 |

Please send me FREE book describing CREI |

Home Study Programs including new Pro- |

gram in Space Electronics. | am employed |

in electronics and have a high school edu- |

cation. '

ame__ R _ Age :
Address___ _ — 1}
City = Zone____State_ :
Employed by__ — l
|

|

[

d

-
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A REVOLUTIONARY NEW
METHOD FOR MARKING
ELECTRONIC EQUIPMENT

KILOWATTS

DRY TRANSFER MARKING KITS

This is the newest easiest way to get professional
lettering instantly on all electronic equipment,
drawings, schematics, etc. NOT A DECAL...NO
WATER...NO TAPES...NO SCREENS...NO
ENGRAVING. Goes on instantly and stays on
practically ony surface...looks like printing.
Makes prototypes look like finished equipment.

It's as simple as this . ..

1. Place “Instant Lettering”’ sheet over equipment
with proper word or number in position. Rub over
entire word with a ball-point pen or soft pencil.

2. Lift awoy carrier sheet carefully and there you
have perfect lettering...professional looking let-
tering in an instant.

TITLES FOR ELECTRONIC EQUIPMENT

...this set contains 24 sheets...thousands of pre-
printed titles...researched to give you up to 95%
of all electronic panel marking. For labeling,
marking, titling all electronic control panels and
drawings, etc.

No. 958 (black) $4.95 No. 959 (white) $4.95

TERMINAL & CHASSIS MARKING KIT

...24 sheets of all the necessary letters and
numerals for marking prototypes, chassis, engi-
neers drawings, printed circuit & terminal boards,
schematics, rotating components, etc.

No. 966 (black) $4.95 No. 967 {(white) $4.95

WRITE FOR FREE SAMPLE!

DATAK CORPORATION

63 71st STREET GUTTENBERG, N. J.
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LETTERS
FROM OUR
READERS

a

ENGINEERING SALARIES
To the Editors:

Your July editorial, “Let’s Woo the
Woman Engineer,” is certainly aimed in
the right direction. However, in attempt-
ing to lure students into engineering, it
appears that you have painted a finan-
cially disappointing picture that does not
accurately reflect the salary levels that a
graduate engineer can expect to receive.
The following salaries are the averages
of the beginning saluaries received by the
electrical engineering class graduating
from the University of Nebraska in the
month indicated: Feb. °39, 8519: June
’59, $341; Feb. 60, 8538; June ‘60,
$545; Feb. 61, $366; June '61. $571;
Feb. '62, $538; June ‘62, $384; Feb. '63,
$603.

The June 1963 class also received an
average of slightly over $600 per month.
These figures apply to graduates with a
Buachelor of Science in Electrical Engi-
neering degree. Graduates at the Mas-
ter'’s level averaged slightly over $100
more per month. These beginning aver-
ages are considerably more than the
$5200 figure quoted in vour editorial.

According to an article in the March,
1963 issue of the IEEE “Student Jour-
nal” the median starting salary for all
engineering graduates (not just electri-
cal) entering industry who received their
haccalaureate degrees in 1960 was
$6330. Those starting with a Master’s
degree earned a median beginning salary
of $7523, and those starting with a doc-
torate, $9750. The median salary of all
engineers in 1960 was reported to be
$9600 by the Engineers Joint Council.
It would seemn that the $7300 figure
which von gunote is too low, especially
since electronics engineers generally
rank high among the various engineering
branches in salary.

Nem WeLLeNsTRIN, President

Beta Psi Ch., Eta Kappa Nu Assn,

University of Nebraska

Lincoln, Nebraska
o o o

TRADE WITH JAPAN
To the Editors:

I was pleased to read your very bal-
anced views on the “threat” of Japanese
imports upon the U.S. electronics indus-
try, in the July issue of ELecTnroNics
Wonen (p. 68). Clearly, as you point
out, there is some hardship resulting,

and more on the horizon, from Japanese
imports. On the other hand, as your ar-
ticle further points out, the U.S. exports
heavily to Japan, including a great deal
of electronics gear,

Further, it is clear that Japan, like
Britain, must “export or die.” This, of
course, is becanse of the heavy depend-
ence of the highly industrialized and
specialized Japanese economy upon a
wide range of imports which must be
paid for,

One further argument needs to be
stated, it seems to me: The Japanese
are, so far, very much of the Western,
non-Communist bloc. But, in the face
of reduction in trade with the West—
which means primarily with the U.S,,
Japan would have no choice other than
to hegin explorations of the great poten-
tia) market which lies just to her west:
China.

It's tough to live in the workl these
days. But it is becoming clear that few,
if any, major decisions relating to onr
economy can be made purely in the light
of their domestic impact. American man-
agement is increasingly becoming aware
of the hard facts of international life.
and articles such as vours are helping
in this vital educational process.

Miciiain | Berea, Film Supervisor
Univ. of Mich. Television Center
Ann Arbor, Mich.
o o L]
CUSTOM CERAMIC CAPACITORS
To the Editors:

On page 68 of the August issue is an
item entitled “Custom Ceramic Capaci-
tors” by Irwin Math. One correction and
two comments should be added to this
item.

1. Sandpaper should be used to clean
the edge of the modified capacitor, Use
of emery, which is a conductive material,
will more probably result in a poor re-
sistor than a good capacitor.

2. The similar process of grinding a
notch in a carbon composition resistor
will result in an increase in resistance.
Furthermore. the wattage of the resistor
will decrease. due to a concentration of
the heating effect at the notch.

3. A reduction in working voltage for
the modified capacitor should be recom-
mended, because of the possibility of
having created new leakage paths across
the dielectric in the grinding process.

ELECTRONICS WORLD



See Only the Scale You Want...in the Exact Range You Want

just set the range switch

and the correct scale appears
' AUTOMATICALLY

in the new K

VOM and VTVM

WITH
BURN-OUT PROOF
METER MOVEMENT

. V O MATIC 360
AUTOMATIC VOLT-OHM MILLIAMMETER

Greatly simplifies your VOM use. Individual full-size scale for each range—and
only one scale visible at any one time, automatically. Once you set the range
switch, it is impossible to read the wrong scale. Reading in the range you want is
amazingly easy—and direct. No reading difficulties, no multiplying, no errors.

Sensitivity 20,000 ohms per volt DC; 5000 ohms per volt AC. Accuracy +3% DC; +5% AC;
& (full scale). DC Volts in 6 ranges 0-6000. AC Volts in 6 ranges 0-6000. AF (Output)in 4 ranges

0-300 volts. DC Current in 5 ranges 0-10 amps. Resistance in 4 ranges 0-100 megohms.

Supplemental ranges also provided on external overlay meter scales. Meter protected

against extreme overload and burn-out. Polarity reversing switch. Automatic ohms-adjust

control. Mirrored scale. Complete with 1l%-volt and 9-volt batteries, test leads,

and easy-viewing stand. Net, $5995

DYNAMATIC 375
AUTOMATIC VACUUM-TUBE VOLTMETER

Once you set the range switch, you automatically see only the scale
want and read the exact answer directly. Saves time, eliminates calcula-
tion, avoids errors. Individual full-size direct-reading scale for each range.
Simplifies true reading of peak-to-peak voltages of complex wave forms in
video, sync and deflection circuits, pulse circuits, radar systems, etc.
Includes IDC current ranges, too.

Accuracy +39% full scale AC and DC. Sensitive 100 microampere meter movement.
DC Volts in 7 ranges 0-1500. AC Volts (rms) in 7 ranges 0-1500. AC Volts (peak-to-
peak)in 7 ranges 0-1500. DC Currentin 3 ranges 0-500 ma. Ohmsin 7 ranges 0-1000
megohms. Utilizes single DA-AC ohms probe and anti-parallax mirror. Swivel stand
converts to carry-handle. Includes 1'% volt battery.

Operates on 117 volts 50-60 cycle AC. Net, $8995
. Ask Your B&K Distributor BakK D,M,A "' l:v:,xAscE: g):tp(:::rgN co.
3 ivision o
f{" Demonstration, or K 1801 W. BELLE PLAINE AVE. ® CHICAGO 13, ILL.
Write fOl' CatalOg AP21-N Canada: Atlas Rodio Corp., 50 Wingold, Toronto 19, Ont

Export: Empire Exporters, 253 Broodway, New York 7, U.S.A.
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MOST EXCITING AUTOMOTIVE

* DEVELOPMENT IN 50 YEARS!
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AEC=T7

TRANSISTOR
IGNITION SYSTEMS

AEC-77 TRANSISTOR IGNITION gives a hot fast spark at every plug, because

it eliminates the area where ordinary
Here's how:

With ordinary ignition, slow engine cranking sends breaker-point tem-
peratures soaring — up to 2000° F or more. This high heat forms an
insulating oxide coating on the breaker points, so the plugs just don’t
get enough power to ignite the fuel.

AEC-77 SOLVES THE WHOLE PROBLEM by pushing the high current charge
through a transistor instead of through the points. The points just trigger
the transistor. They're subjected to much lower current so they don't get
hot, don't coat up. It's that simple — that's why it works every time.
INCREASED ENGINE POWER BY 10% IS ONLY ONE ADVANTAGE. AEC-77
gives 15% extra miles per gallon, faster warmups, instant starting in
any weather, permits smoother idling, boosts horsepower, makes plugs
and points last over 75.000 miles, eliminates 3 out of 4 tune-ups, com-
pletety waterproof, simple 20 minute installation, and pays for itself in
10,000 miles usage. At $39.95 it's a real buy...and it fits any car,
domestic or import.

WORLD CHAMPION RACING DRIVER
PHIL HILL REPORTS

I was impressed with your AEC-77 Tran.
sistor Ignition. Rorely does o device come
along that improves power, performonce
ond economy at the some time.

PROVEN IN OVER 2,000,000 MILES OF TESTING, AEC-77 IS DEPEND-
ABLE IN PERFORMANCE, DESIGN AND ENGINEERING. HERE'S WHY:—

TRANSISTORS: Generai Motors Delco type =2N1358A-1100A transistors are
used in every AEC 77. They are the finest high power 15 ampere 150
watt transistors available with voltage ratings in excess of 100 volts.
Peak current loads in any transistor ignition can go as high as 15
amperes. AEC 77 handles these peak current loads s.afelr. by using a 15
ampere 150 watt transistor, assuring you of high reliability and depend-
able performance ... while others use 10 ampere 90 watt transistors
that cannot safely handle these 15 ampere current overloads, and can
fail prematurely.

ignition systems lose power.

4

|

ZENER DIODES: Motorola type 21N2836B 50 watlt zener diodes are used
in every AEC 77. They protect the transistors from failure due to high
voltage spikes generated in every ignition system. Peak power loads on
the zener diode in any transistor ignition can exceed 25 watts. AEC 77
uses a 50 watt zener diode to protect the transistor for safe dependable
long life operation ... while others use a 10 watt zener diode that can
overheat and fail to protect the transistor, causing premature failure.

IGNITION COIL: Transistor 77 (400:1) ignition coil is capable of producing
up to 40,000 volts at all en%me speeds. Every coil is wound with Form-
var insulated wire, impregnated first with an epoxy resin, and then ocil
impregnated and hermetically sealed in the highest grade transformer
oil. The Transistor 77 coil has the strength of epoxy molded coils plus
the superior cooling and insulative qualities of oil filled coils ... while
others use inferior tar filled coils that cannot handle the power loads
AEC 77 delivers.

BALLAST RESISTOR: Constructed of space age ceramics and virtually in-
destructible, is a self regulatingt 250 watt .3 to .9 ohm ballast resistor
that saves you the trouble of adjusting the breaker points. Regardless of
point setting, the new AEC 77 Ballast Resistor will automatically regulate
and supply the proper amount of voltage and current to the ignition
coil at all times.

SEND YOUR
ORDER NOW!

Use the coupon, attach a check or money order,
and you'll receive your AEC-77 Transistor Igni-
tion in a few days...complete with a 3 year

guarantee in writing. Or, send for the free

brochure, it's filled with facts on transistor

ignitions, their installation and operation.
AEC-77 Transistor Ignition...6/12 volt $39.95
AEC K-4 Do It Yourself Kit...6/12 volt $32.95
Transistor 77 (4D0:1) lgnition Coil $11.95
Ballast Resistor, 250 watt .3 to .9 ohm, variable $1.95
AEC Positive Ground (British Cars)...6/12 volt $39.95

AEC °* 387 PARK AVENUE SOUTH, NEW YORK 16, N. Y.
Commercial & Dealer Inquiries Invited

AEC LABORATORIES, INC. twn3:
' 387 PARK AVENUE SOUTH ® NEW YORK 16 % N.Y.'
NAME o
 ADDRESS .. ... R e i
L CITY ZONE STATE .. . i
i O AEC-77 For Negative ground 6/12 v $39.95!
i 0 AEC-77P For Positive ground 6/12v $39.95:
i D Kit $32.95 [J 400:1 Coil $11.95 [J Ballast $1.95
: 0 FREE BROCHURE ON AEC 77 SYSTEMS.
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I appreciate your printing these old techniques to refresh
my memory, as well as to educate the new generation of
technicians. A great many of the old “make-do” tricks, al-
though still applicable, have fallen into disuse becanse of
the greater availability of “ready-imade” components. Rare
is the tech or ham these days who makes a capacitor of a
few picofarards with a “gimmick” (two insulated wives
twisted together).

Lt. Cdr. RosenrT Inving, USN
Fairfax, Virginia
o o o
COLUMN LOUDSPEAKERS
To the Editors:

The first paragraph of Mr. George L. Augspurger’s article
on column loudspeakers in your June issue disturbs me.

I have designed, manufactured, and installed more than
five hundred column loudspeaker systems in churches since
1938; muny of these original installations are still heing used
today. As a matter of fact, the loudspeaker system installed
in St. Peter's Basilica in Rome was designed and built by my
company in 1947; only two columns were needed to properly
cover the entire auditorium.

In addition. we have made many other types of commercial
installations which employed this column principle.

Hanuy W. BEcker
Harry W. Becker & Associates
Chicago, Illinois

The article’s first paragraph simply indicated that this type
of speaker system was almost unknown in this country until
fairly recently. Ecidently, Reader Becker's company  has
known and used column loudspeaker systems for many years,
but the fact remains that only recently have many manufac-
turers started producing such systems.—Editors.

o o o
MODERN BATTERIES
To the Editors:

In your article “Modern Batteries” (October issue), Author
Collins calls the negative zinc electrode in a Leclanche cell
the “anode.” According to my dictionary, the negative elec-
trode is a cathode and the positive electrode is an anode.

Jaxtes S. BEAvER
New London, Conn.

A later edition of Reader Beacer's dictionary would prob-
ably define an “anode” as the positive electrode of an elec-
trolytic cell or the negative clectrode of a dry cell or battery
that is delivering current to a load. Another dictionary defini-
tion of an anode is the electrode toward which electrons move
in a cell or electron tube. This makes the plate of a diode
(with its positice potential) and the zine can of a dry cell
(with its negative potential) both anodes. This convention is
followed by most battery manufacturers and was followed
correctly in our article.—Editors.

o o o
BURNED-OUT PILOT LAMPS
To the Editors:

While I have no quarrel with the academic accuracy of
the article by R. L. Ives “Burned-Out Pilot-Lamp Indicators™
on page 40 of vour June issue, it does seem an overly involved
way to solve an admittedly real problem.

Chicago Miniature Lamp \Works (and perhaps others)
make pilot lumps that are standard except that they have an
auxiliary filament in parallel with the main one. The second
filament is designed to burn considerably less bright than
the main one and hence to last much longer. Therefore, a
greatly reduced brilliance tells one to replace the lamp.

GEeorce P. ANDERsoON

Metals Rescarch Laboratory
Brown University

Providence, Rhode Island A
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risk your reputation

with “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. It 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.

05 MFD.£10%,
} SO0KOC

DIFILM® BLACK BEAUTY
Molded Tubular Capacitors

The world’s most humidity-resistant molded
capacitors. Tough, protective outer case of
non-flammable molded phenolic . . . cannot be
damaged in handling or installation. Designed for
105°C operation with no voltage derating...will with-
stand the hottest temperatures to be found in any
TV or radio set, even in the most humid climates.

SPRAGUE

S

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.
No other dipped tubular capacitor can match
Sprague Orange Drops!

For complete listings, get your copy of Catalog C-615 from your
Sprague distributor, or write to Sprague Products Company,
51 Marshall Street, North Adams, Massachusetts.

I nnGUEE

e a—

- -

WORLD'S LARGEST MANUFACTURER OF CAPACITORS

$5-121°63
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What Job Do You Want
In Electronics?

Whatever it is, Cleveland Institute can help you get it!

Yes, whatever your goal is in Electronics, there’s a
Cleveland Institute program to help you reach it
quickly and economically. Here’s how: Each CIlk

program concentrates on electronics theory as ap-
plied to the solution of practical, everyday problems.
Result . . . as a Cleveland Institute student you will
not only learn electronics but develop the ability to

Electronics Technology

- A comprehensive program

covering Automation, Com-
munications, Computers
Industrial Controls, Televi
sion, Transistors, and prep-
aration for a st Class FCC
License.

Industrial Electronics & Automation
) \ um ' xciting program in
> i -—-—’ cludes many important

! : subjects as Computers
Electronic Heating and
Welding, Industnal Con
trols, Servomechanisms
and Solid State Devices.

rd

Here's an excellent studio
engineering progiam which
will get you a Ist Class FCC
License and teach you all
about Program Transmis-
sion and Broadcast Trans-
mitters.

Cleveland Institute

use it! This ability makes you eligible for any of
the thousands of challenging, high-paying jobs in
Electronics. Before you turn this page, select a pro-
gram to suit your career objective. Then, mark
your selection on the coupon below and mail it to
us foday. We will send you the complete details. ..
without obligation . . . if you will act NO\W!

First Class FCC License

F'}).#.-!.&:m'm!o—« S5 ‘k"’
i [ TN I )
R T

‘ @ CATIONH] O 3 ivesor 3
1 M0 PEALLI SN 81634011 LI RN
e

If you want a st Class FCC
ticket quickly, this stream-
lined program will do the
trick and enable you to
maintain and service all
types of transmitting
equipment,

"r"',)..:u'-om:“s
N B =Y

Mobile Radio, Microwave
and 2nd Class FCC prepa-
ration are just a few of the
topics covered in this “com-
pact” program . . . Carrier
Telephony too, if you so
desire.

Cleveland Institute of
1776 E.. 17th St., Dept. EW-83
Cleveland 14, Obio

Electronics

How to Succeed
Please send FREE Career Informa- "n E'
tion prepared to belp me get ahead in eCtl’OnicS

Electronics, without further obligation,

CHECK AREA OF MOST
INTEREST

Mata A o /
U Aty D o C* é
X3

D Industrial Electronics D Electronic Commmunicatians

E] Broadcast Engineering D
other

Your present occupation

|
!
|
|
|
|
|
I
: D Electronics 'T'echnology D First Class FCC License
|
|
|
|
|
I
|
:
I
]

Name Aye
o {please print)
of Electronics Ao
NHSC
1776 E. 17th St., Dept. EW-83 City S —y
C]eve]and 14. Ohio Approved for Veteran’s Training under Korean Gl Bill. EW.83 :
b
P o e e ]
Accredited Member

November, 1963 21



REPORT

TESTED BY HIRSCH-HOUCK L 4BS
‘“pcoustech I Power Amplifier
Audio Dynamics ADC-14 Speaker System

“Acoustech I" Power Amplifier
For copy of manufacturer’s brochure, circle No. 37 on coupon (page 17).

HE new “Acoustech I” transistorized

stereo power amplifier is a no-com-
promise design which, in many respects,
surpasses any vacuum-tube amplifier on
the market. It is the initial offering of
Acoustic Technology Laboratories, Inc.
of Cambridge, Mass.

It is evident from the specifications
of the unit that its designers adhere
to the wide-band philosophy. Its fre-
quency response is specified as being
within =0.25 db from 5 to 50,000 cps,
and within =3 db from 2.5 to 250,000
cps. Transient response has received
special attention and the amplifier will
reproduce square waves from 20 to
20,000 cps without overshoot or ringing
and with a rise time of 1.75 psec. The
power output is rated at 40 watts per
channel into 8- or 16-ohm loads, over
the entire 20- to 20,000-cps range, at
0.95% harmonic or IM distortion, with
both channels operating.

These are impressive specifications.
To achieve them, a total of 16 transis-
tors and 12 diodes is used. Most of the
transistors, including the vitally impor-
tant output stages, are silicon types.
Although rather expensive, they uare
relativelv imnmme to temperature ef-
fects. The output stages are mounted
on large finned heat sinks. The low-
level circuits are constructed on glass-
epoxy boards.

Extensive precautions have been

taken to prevent accidental damage to
the transistors. This is especially impor-
tant in an amplifier such as this, which
must be serviced only at the factory,
and whose output transistors are (uite
expensive. The left and right channel
“B-}-” lines are individually protected
with fast-acting fuses, and warning
lights on the panel indicate when one
of these fuses is blown. Each speaker
line is also protected with a fast-acting
fuse which serves to safeguard speakers
against the unusually high peak power
capabilities of the amplifier and the am-
plifier against accidental shorts in the
speaker lines.

The input and output connections
use standard phone (not phono) plugs
and jacks which prevent output shorts
or excessive input transients when in-
serting or removing any cables. The
amplifier is supplied with two fifteen-
foot speaker cables fitted with phone
plugs and color-coded spade lugs, and
two six-foot input cables with phone
plugs and conventional phono plugs.

The normal input sensitivity is 2.5
volts for full output. Most good pream-
plifiers will drive it easily. For the
occasional application requiring more
gain, a front-panel switch increases the
sensitivity to 1.5 volts. This is done by
reducing the over-all negative feedback
which correspondingly increases distor-
tion and reduces damping factor and is
not recommended for normal operation.

If the full bandwidth of the ampli-
fier is not desired, there are front-panel-
operated cut-off filters which gradually
reduce the response below 10 or 20 ¢ps
at the low end and above 25 or 50 ke.
at the high end.

One of the factors behind the out-

CONTINUOUS SINE-WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN
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standing specifications of the unit is the
absence of anv audio transformers. Un-
like most transistorized power amplifiers
which use driver transformers ahead of
the output stages, the “Aconstech 17 is
direct-coupled throughout. Two large,
computer-grade 1000-¢f. electrolytic ca-
pacitors couple to the speakers and
three more are used in the power sup-
ply, which has exceptionally good reg-
ulation. The only iron-core device in the
amplifier is an impressively large and
heavy power transformer.

Having tested a prototype of this
amplifier last fall, we were especially
interested in evaliating a prodnction
model. As with the prototype, the new
unit proved to be very conservatively
rated. Driving 8-ohm loads, with both
channels operating, the output at 1%
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total harmonic distortion was about 65
watts per channel at 1000 cps, 43 watts
at 20,000 cps, and 38 watts at 20 cps.
Our test sample evidently had a minor
fault in one channel which had about
1.5 db more gain than the other, and
slightly higher IM distortion. The
“poorer” channel had .33% IM at 20
watts and 1.38% IN at 50 watts output,
which is very respectable performance
by any standards. This performance is
within the manufacturer’s specs. The
other channel, which is undoubtedly
more typical of normal amplifier per-
formance, had .28% IM at 20 watts and
1% IN at 50 watts.

The frequency response was found to
be essentially flat over the audio range
which was as far as we tested it. Square-
wave response was better than we
have seen on any other power amplifier,

ELECTRONICS WORLD



é4 Well worthy of the Fisher name,
both in performance and in ease
of construction...Beautifully pack-
aged and ‘instructed’...Excellent
- specifications, and the performance

~ equals or exceeds the specs.””
—AUDIO MAGAZINE

Exclusive StrataKit construction.

Exclusive d’Arsonval

bias and balance meter. . .
Exclusive third-speaker
output with volume control.

o 0

tHeY 1 1S HILR

2 R o @ @
e N S
I A A ATA A &
W - . —_
. The Fisher KX-200 StrataKit, the 80-watt stereo control-amplifier kit, $169.50
This is the most powerful and in every way the most f[~======< """""""""""f """ -
advanced single-chassis stereo control-ampliﬁcr kit you gf}iﬁg;s 5&'3‘3&3?:‘:['%5; iﬁl'}s"m‘t(e'é Kit Buileder‘s
can buy — and by far the easiest you can build. guide to high-fidelity kit construction. Manual

The 80-watt music power output (IHFM Standard,

~ e o e St

FISHER RADIO CORPORATION

both channels) assures peak performance with even the
most inefficient speakers. Engineering features never
before offered in an integrated control-amplifier kit
result in unequaled versatility. And the exclusive Fisher
StrataKit method of kit construction makes the techni-
cal skill or previous experience of the builder completely

21-38 44th Drive
Long Island City 1, N Y.

Please send me without charge The Kit Builder’s
Manual, complete with detailed information on all
Fisher StrataKits,

. . . Name
unimportant and immaterial.
But the most exclusive thing about the KX-200 is the Address
Fls'he'r name -- your guarantee of a head start in kit City Zone___ State
building before you even pick up your screwdriver! ~ \__~ __ __—————————— “ont— vae—— TLULL
.WALNUV OR MAROGANY CABINCT. 324.95. METAL CABINCY, 315,95, PRICES SLIGHTLY HIGMER 1M THE FAR wisST. EIPOAT: FISHER RADIO INTEANATIONAL, 14C.. LONG ISLAND CITY 1, N, ¥, CANADAI TAI.TEL ASIOCIATES. LID.. wILLOWDALE. ONT.
November, 1963 CIRCLE NO. 119 ON READER SERVICE PAGE 23



FOR
ADULTS

NEW CADRE C-75
CB TRANSCEIVER

The new Cadre C-75 1.5-watt. 2-channel trans.
ceiver is 15 times too powerful for youngsters
(under 18 years of age) to operate. according
to FCC regulations. Clearly. it's not a toy. It's
designed for serious CBers who need ‘big set’
performance that can be used anywhere.

The new C-75. weighing less than 2 lbs; provides
clear. reliable 2-way communications up to 5
miles and more. All solid state design creates an
extremely rugged transceiver to absorb rough
handling, stays on frequency. Two crystal-con-
trolled channels spcll perfect communications
contact everytime. Sensitive superhet receiver
(luv for 10 db S/N ratio) brings in signals in
poor reception areas. Powerful transmitter has
one watt output to the antenna. Adjustable
squelch silences receiver during standhy. AGC
assures proper listening level. In a word, the
C-75 has all the features you'd look for in a
quality full size CB unit.

The C-75 has all the portable conveniences you'd
want, too: operates on alkaline or mercury pen-
lite cells (8-hour rechargeable nickel-cadmium
battery available) ;: earphone and antenna jacks:
built-in retractable antenna; jack for base oper-
ation while recharging.

Use the Cadre C-75 anywhere in the field. for
vehicle. office. boat or plane. Use it constantly
too, because its all-transistor modular circuit
(11 transistors and 2 diodes) is virtually main-
tenance free. $109.95. Recharger and 2 nickel-
cadmium batteries $31.85.

Cadre also offers a complete line of 5-watt all

transistor transceivers and accessories.

See your Cadre distributor or write

C A0 FR E  INDUSTRIES CORP.

COMMERCIAL PRODUCT DIVISION [ ENDICOTT, NEW

YORK [J AREA CODE 607, 748-3373. Canada: Tri-Tel

Assoc., Ltd., 81 Sheppard Ave. w., Willowdale, Ont,

Export: Morhan Exporting, 458 B'way, N. Y. 13, N. Y.
CIRCLE NO. 107 ON READER SERVICE PAGE
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with a 20-ke. squave wave reproduced
better than most top-quality amplifiers
will do at 10 ke, There was no ringing
or overshoot, except that with capaci-
tive loads greater than 0.1 pf. shunting
an 8-ohm resistor, there was a single
cvele of overshoot. Hum and noise were
79 db below 10 watts, or 85 db below
rated output.

One of the striking properties of this
amplifier is its cool operation. In normal
service, it does not get even faintly
warm, which is quite a contrast to vac-

num-tube amplifiers of comparable
power output. In listening tests, it had
an impressive clarity and solidity which
place it in the top rank of amplifiers.
We were unable to drive it to overload
with any speakers at our disposal (our
ears and/or speakers gave up first). At
the highest levels as well as the lowest it
produced an eftortless and transparent
sound which was limited onlv by the as-
sociated speakers and program material.

The “Acoustech 1" power amplifier
sells for $395.00 with metal cage. A

Audio Dynamics ADC-14 Speaker System

For copy of manufacturer's brochure, circle No. 38 on coupon (page 17).

HE ADC-14 is the junior member of

the family of Audio Dynamics Cor-
poration speaker systems. Instead of the
usual paper cone, the woofer has a rvigid
rectangular styrene foam diaphragm.
The flat radiating surface, which meas-
ures approximately 9” x 127 is covered
with aluminum foil. A compliant cloth
surround supports the foam radiator,
attaching directly to the baflle board
rather than to a basket structure. The
plastic radiator is driven by a voice coil
mounted in a nine-pound ceramic-mag-
net structure. The area of the rectan-
gular radiator is considerably greater
than that of a conventional 12” speaker
cone.

The high frequencies are handled by a
specially designed tweeter, whose 1%”
voice coil drives a Mylar dome radiator
of the same diameter. The powerful
magnet assembly and low mass of the
dome give excellent transient response,

as well as wide dispersion of the high-
est frequencies. The electrical crossover
network components are mounted within
the cabinet.

The heavy, solidly built enclosure of
the ADC-14 is extensively padded in-
ternally. It is basically a ported enclo-
sure, with a group of 17-diameter holes
on the rear panel serving as a port. The
small hole diameter, together with the
acoustic absorbing material which cov-
ers them internally, introduces an acous-
tic resistance into the port, damping the
low-frequency  cabinet resonance and
smoothing the low-frequency response
of the system.

Our frequency-response measure-
ments were made with eight different
microphone locations in the test room.
The automatically plotted curves were
averaged to produce a single composite
response curve. The speaker was placed
on the floor, near the center of one of
the short walls of the room. This is not
a particularly good location from the
standpoint of extended bass response, so
the response appeared to fall oftf gradu-
ally below 200 cps. Actually, the bass
was clean and firm down to slightly
below 30 cps. at which point the har-
monic distortion began to rise.

From 200 c¢ps upward. the response
was very smooth and flat, up to the

(Continued on page 64)
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welcomes highest compliance cartridges for precise tonearm balance with rubber cushioned
flawless tracking even at 1/2 gram or under fine-thread rotating counterweight

stylus force applied directly at pivot preserves pertect pitch for the most critical ears with
perfect mass balance of tonearm 6% variable range for all four speeds

superb over-all engineering permits tilt to “warped” and eccentric tracking dramatizes
almost 90 without spilling a note frictionless bearings, low tonearm mass

No wonder the new Dual 1009 Auto/Professional obsoletes
' every turntable and changer ever made...at any price!

Standards of performance once associated with profes-
sional turntables and separate tonearms have now been
matched or surpassed by a remarkable new record play-
ing instrument . . . the Dual 1009 Auto/Professional by
United Audio. Consider this achievement: A dynamically
balanced automatic tonearm that tracks and trips below
Y2 gram . . . resonance below 8 cps, tracking error below
.5%/inch. A solid non-ferrous platter machined to elec-
tronically controlled tolerances, then dyvnamically hal-
anced . . . final weight 714 lbs. A powerful high-torque
motor that maintains speed accuracy with one record or
ten . . . and acts like a hysteresis in resisting voltage
variations (even beyond 10%.) For a convincing
demonstration of flawless automatic tonearm tracking - = -~ ; Pl
wnt!'x the ﬁn.est high compliance cartridges, visit your UNITED AUDIO 4@“‘\ aas 3 S~ v : T
United Audio dealer today. At $94.75, you’ll find the 12 west 18th St. S "
strikingly handsome Auto/Professional a value that

welcomes comparison with equipment at $100 more!

CIRCLE NO. 159 ON READER SERVICE PAGE
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Just pushing the start button tells the quality of the EICO RP-100.
Instantly, tape flows with the smoothness and precision you would
expect only in a studio console. Hit the stop button: D.C. brakes halt
the tape with hairbreadth accuracy. Rewind—and watch a full reel whizz
through in less than a minute. Aside from the decisive snap of the
solenoid controls, all runs silently—thanks to rugged construction. No
mechanical whirring and buzzing obtrudes on the music. And the
solid heavy-gauge chassis maintains vital mechanical tolerances under
heavy use.

You can’t top the RP-100 for versatility: 4-track or 2-track, stereo or
mono, with each channel separately erasable, 2 speeds (7%2 and 3%
ips), monitoring directly from tape, sound-on-sound recording, facilities
for mixing two inputs with separate level controls for each channel, and
for recording two programs Simultaneously.

... and as for quality factors: 3 motors—hysteresis synchronous capstan
drive—transistorized electronics to eliminate hum and microphonics—
automatic tape lifters—automatic shutoffi—3 precision-lapped shielded
heads adjustable in all planes—narrow-gap (0.0001 inch) playback
head for maximum frequency response—consistency of high frequency
response improved by hyperbolic-ground heads—separate record and
playback amplifiers—high-torque tape start for Frecise cueing and
editing—jamproof speed shift—dual recording level meters—non-critical
bias setting—record safety interlock—rapid loading in sweep-line path

26 CIRCLE NO.
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to Eico RP-100 professional
transistor stereo tape deck

wioeinsien

(and you save $150)

that assures tight tape wrap-around on heads, no need for troublesome
pressure pads—permanent bearing lubrication—digital tape index.

And the sound? Frequency response 30 to 15,000 cps = 2 db at 7%2 ips
with 55 db signal-to-noise ratio. At 3% ips the {requency response is 30
to 10,000 cps = 2 db with 50 db signal-to-noise ratio. Wow and flutter
are below 0.15% at high speed, under 0.2% at low specd.

Summing up: “THE EICO RP-100 will do as good a job as many
recorders costing up to twice as much, and it is probably more flexible
than any of them.” That's the unbiased test report of Hirsch-Houck
Laboratories, published in Hi-Fi/Stereo Review. As a semi-kit the
EICO RP-100 is $299.95. You can also buy it factory-wired for $450.00.
Even then it's unmatched for the money. See the superb RP-100 and
the complete EICO line of high fidelity components at dealers every-
where. For FREE 32 page catalog, 36 page Stereo Hi-Fi Guide (enclose
254 for handling & dealers’ name, write: EICO ELECTRONIC IN-
STRUMENT CO,, INC,, 3300 Northern Bivd., L. 1. C. 1, N. Y. £\W. (]

e

Add 5% in West.
ER- L ___TI
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ST 70 JO-WATY st o7 NTF 0
STERED AMPLIFIER. M STEREQ TUNER. FM TUNER.
it $99.93 Rit $9¢.95 Ait $39.93
wired $149.95 wired $149.99 wired $65.9%

ELECTRONICS WORLD



TRANSPORT
COMMUNICATIONS

By R. L. CONHAIM
LAl
Reliable radio communications are vital —

£

to the safe operation of modern high-specd
jet aircraft. They keep the pilot in ./

&

constant touch with the ground contro]l(i?' y
and make air travel safe as well as rapid.

the window at the cloud cover far below you. Only a few minutes before, vou

had left Chicago’s O’Hare Field for the 57 minute flight to Dayton, Ohio.
Now the Hlight is nearly over and you're wondering just how the pilot will manage
to penctrate the cloud cover and find the Dayton Municipal Airport.

Unknown to you, the aircraft crew has been in constant radio communication with
the Indianapolis Traffic Coutrol Center, operated by the Federal Aviation Agency.
Now, as the plane approaches Dayton, the earphones crackle. It's the Indianapolis
Controller.

“TWA 24, youre cleared to the Dayton VOR. Descend and maintain five thou-
sund.”

The first officer picks up his microphone, pushes the press-to-talk button, “T'WA
24, Roger. The Dayton VOR descend and maintain five thousand.”

Again the headphones come to life. “T'WA 24, Roger. Expect ILS approach to
rnway six to Dayton Municipal. Contact Dayton Approach Control on one one
cight point zero. Good day, sir,”

The co-pilot acknowledges his instructions. Iis hand reaches for the v.h.f. con-
trol head. He turns the whole-megacycle knob until the digital control reaches 118.
Now he turns the one-tenth megacycle knob until the digital indicator reads zero.
He picks up his mike, “Dayton Approach Control, TWA 24.” There is an immediate
acknowledgement.

“TWA 2.4, radar contact seven miles northwest of Dayton VOR. Depart the VOR
heading one eight zero. Muaintain five thousand for radar vector to 1LS runway six
approach. Time, four eight and one-quarter. Altimeter three zero one six.”

The first officer repeats the information so there can be no misunderstanding. The
Dayton Approach Control voice continues: “Davton weather estimated nine thou-
sand, overcast. Visibility, six miles, haze, winds northeast at seven knots.

The controller then gives instructions to vector the flight to the 1LS System, Once
over the outer marker, the pilot is advised to contact Dayton Tower on 119.5 me.

While you have been riding in luxurious comfort, one of the most complex and
efficient communication networks ever devised has been in constant operation, pro-
viding the pilot of your plune with specific instructions and keeping him up-to-the-
minute on every factor of flight about which he must be aware. Two giant networks
of ground-to-air communications, one operated by the FAA, the other by ARINC
(Aeronautical Radio, Incorporated), provide complete radio coverage for today’s

‘- 7 OU'RE comfortably seated in a plush seat of a TWA Boeing 707, looking out
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thriving air transport industry. And this is entirely over and
apart from the radio navigation facilities that are also pro-
vided for safe and effective flight.

Most communications in the U.S. are conducted on v.h.f.,
within the frequency range of 118.0 to 135.95 mc. with 50
ke. spacing. Some specific frequencies are assigned for par-
ticular purposes. For example, 121.5 mc. is the universal
simplex emergency and distress frequency. The frequency
121.6 mc. is used for air-to-air and air-to-ground search and
rescue operations, although it can be used for other purposes
provided no harmful interference to search and rescue oper-
ations is caused. The frequencies 121.65 to 121.95 mc. are
used for airport utility operation, and to control airport lights.
Certain other frequencies are also assigned by the FCC with

i~

Fig. 1. Functional diagram of typical h.f, system as used in
the DC-8. Two complete systems are used for maximum safety.

In a typical operations room, one to three controllers pass
the aircraft along a sector of air space. An average center
can handle as many as 2000 aircraft during a 24-hour period.

secondary use being allowed in some cases. Basically, how-
ever, other than these specifically assigned frequencies, the
determination of frequencies for ground operations is made
in cooperation with the FAA. Thus, it is the FAA that assigns
tower frequencies and the frequencies of various air traffic
control communications stations. In addition, the frequencies
between 108.1 me. and 117.9 me, are assigned to v.h.f. navi-
gational aids including the localizer portion of Instrument
Landing Svstems (ILS) and v.h.f. Onmirange Navigation
(VOR) stations. Aircraft are not given specific frequency as-
signments. As a consequence, the modern jet transport must
be equipped to transmit and receive on any of the possible
v.h.f. frequencies used by various towers, FAA-operated ra-
dir units. Air Route Traffic Control Centers (ARTCC), and
Acronautical Radio, Inc. (ARINC) private communication
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facilitics, or other private aircraft communication facilities.

High-frequency communications are for standard over-
seas operations and, to a limited degree, within the United
States. It has been proposed by the FCC that h.f. communica-
tions in the continental U.S. (excluding Alaska) be discontin-
ued. Final determination will be made prior to 1965. How-
ever, because of the necessity for the longer ranges provided
by hf. communications, they will continne to be used for
overseas flights. Frequencies within the h.f. band are usually
assigned on the busis of geographical location on the several
Major World Air Route Areas (MWARA’s) by international
agreement. These frequencies vary from about 2875 ke. to
about 18,000 ke, Thus, it is necessary for the jet transport,
equipped for overseas flights, to have both h.f. and v.h.f.
facilities. Also, because v.h.f. assignments in foreign countries
sometimes do not correspond with the frequencies used within
the U.S., jet overseas transports usually have v.h.f. capabil-
ities above 135.95 mec.

Primary ground facilities usually have transmitting and
receiving capability on more than one frequency, and some-
times transmit simultaneously on several frequencies. For
example, the Dayton Municipal Airport primary tower fre-
quency is 119.5 mc., but it also has transmitting capabilities
on 278 ke., 121.5, 121.9, 126.2, 243.0, and 257.8 mc. The lat-
ter two frequencies are considered in aircraft communication
parlance as u.h.f. frequencies and are used primarily by mili-
tary aircraft. The Davton Tower also has receiving capability
on 1225 me. in addition to all the v.h.f-uhf. frequencies
it uses for transmitting. Of course, all FAA and military oper-
ated facilities can both transmit and receive on the emergency
frequency of 121.5 me,

While it is commonly considered that a transport pilot talks
to “the tower” and possibly certain enroute stations, in actual
practice, he may talk to several controllers on different fre-
quencies, but in the same arca, In any arca where traffic is
heavy, one tower operator simply could not handle the large
volume of communications necessary, nor have at his finger-
tips all the information necessary to transmit to arriving or
leaving transports. As a result, the communication functions
may be broken down among several controllers, all in the
same area. A typical example would be the Dayton Municipal
Airport. While not one of the nation’s largest—it ranks 40th in
air carrier operations—its close proximity to Wright-Patterson
Air Force Base means that the local volume of air traffic is
rather heavy. As a result, the jet transport entering the Dayton
area, is handed from one controller to another. First, he talks
with Davton Approach Control, probably on 118.0 mc. Next,
his instructions come from the Dayton Tower on 119.5 mc.
Once on the ground, he talks with Dayton Ground Control
on 121.9 me. for taxiing instructions, ramps to use, and other
information. When the jet transport is ready to leave Dayton,
he first contacts Dayton Ground Control for pertinent clear-
ance information, then Dayton Tower for take-off instruc-
tions, then Dayton Departure Control on 119.9 mc. Once he
leaves the Dayton area, he is under the control of the Indian-
apolis Air Route Traffic Control Center.

The Air Route Traffic Control Centers

There are, at present, 28 Air Route Traffic Control Centers
located within the 48 continental states, and two located in
Alaska. The FAA is in the process of consolidating the center
arcas in the 48 states so that by 1965 there will be only 21
within the continental United States. Each of these centers
is radar eqnipped and operates on a number of different fre-
quencies, depending upon the altitude of the aircraft and the
sector in which it is operating. Our jet leaving Dayton, for
example, will contact two or three Indianapolis controllers,
each on a different frequency.

As the jet progresses in flight, it will be transferred to other
centers in its flight path. In every case, each controller tells
the pilot which center to contact and on what frequency, so

ELECTRONICS WORLD
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Fig. 2. Functional diagram of the two v.h.f. systems used in
the DC-8. Both systems can operate independent of each other.

that it is therefore unnecessary for the pilot to memorize
unusually long lists of awkward frequencies.

The ARINC Communications System

Not all the communications traffic required by a jet trans-
port plane involves the FAA. Much of it is company business.
To handle private communications, the airlines, in 1929, or-
ganized Acronautical Radio, Inc., for the purpose of furnish-
ing airlines and other aircraft with air-ground-air and point-
to-point communications. This company is owned by the
airlines, helicopter operators, and a number of foreign airlines,
and several corporation aircraft operators. This corporation
presently serves some 130 U.S. and foreign air carriers, about
500 business and corporate aircraft operators, and various
government agencies.

ARINC maintains a vast network of
communications, both v.h.f. for domestic
flights and h.f. for overseas flights. There
are 14 ARINC control-point stations and
more than 300 full-power and low-power
network enroute stations, Each of the a/A"_\

OMET )

many v.huf. networks operates on a spe- Q T

v.hp stations at these gateway arcas, transmitters have been
locaied at the highest possible points, such as atop Mt. Wash-
ington, Lookout Mountain, and Mt. Haleakala in Hawaii.
Each of these stations operates at high power and with spe-
cially designed receivers and high-gain directional antennas
aimed in the direction of the over-water routes. To avoid traf-
fic congestion and to provide a positive calling procedure on
ARINC frequencies, many modern jets employ a sclective
calling system, commonly referred to as “Selcal.” This is a
tone system which can be used by the ground dispatcher to
alert a particolar aireraft. A light or buzzer, or hoth, in the
cockpit notifies the pilot he is being called. In this way, he
does not have to listen to all the conversations taking place
on any one network.

In addition to ARINC, some carriers maintain their own
radio facilities for communication with their aircraft.

Equipment Performance Standards

Because passenger safety is paramount in the air transport
industry, it is obvious that only equipment with the highest
reliability can be emploved. To ensure this kind of quality in
radio equipment, the Federal Aviation Agency publishes
Technical Standard Orders (TSO's) governing all types of
communication and navigation equipment. No equipment
may be installed on an air-carrier aircraft unless it complies
with the applicable TSO. These spell out in detail the mini-
mum performance standards which the equipment must meot.
Many of these standards are worked out by the Ruadio Tech-
nical Commission for Aeronautics (RTCA) which is a Coop-
erative association of all United States government-industry
aeronautical telecommunications agencies. A manufacturer
of communications equipment must certify to the FAA that
his equipment meets or surpasses the requirements of the ap-
propriate TSO, hefore it can be used on air-carrier aircraft.

In addition, because of limited space and the necessity for
compactness, physical sizes of aircraft communications equip-
ment have been largely stundardized. This procedure was
formalized in 1940 when specifications defining the physical
sizes of air transport radio (ATR) equipment were estab-
lished by a technical committee of airline radio experts work-
ing with the ARINC staff. As a result, most equipment made
today for air transport use is designed to meet one of the ten
ATR configurations. This has also resulted in the standardiza-
tion of shock-mount sizes, even to the point of standard con-
nectors being used, so that one piece of equipment can be
removed from a shock mount and replaced by another of dif-
ferent manufacture and different circuitry.

Fig. 3. Location of the various communication and navigation antennas on a DC-8.
They are of the low-silhovette type and designed as part of the jet air-frame.
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Practically all jet communications equipment is remotely
controlled. The controls usually include frequency-changing
devices, volume, squelch, and function controls. There is
some standardization of control panel sizes, but controls may
also be custom designed to fit the requirements of particular
aircraft or the desires of different airlines. This does not pre-
sent any unusual problems.

With such great variety of radios, it is obvious that a com-
plete audio system for each would take up too much space
and cause too much confusion in operation. Consequently,
most aircraft receivers are provided with 500- to 600-ohm
output which is fed into an audio panel, so that practically any
combination of equipment can be fed into any combination
of speaker or headset outputs. In addition, the audio panel
is used for controlling intercom, passenger public address

Fig. 4. This v.h.f. aircraft transceiver, made by Collins, uses
semiconductors and miniature vacuum tubes to reduce size.

Fig. 5. This modern h.f, transceiver uses 14 tubes and 100 tran-
sitors and has 28,000 discrete channels between 2 and 30 mc.

functions, and music reproducer systems. Each United Air
Lines jet transport, including DC-8’s, B-720's, and Caravelles,
is equipped with a 40-watt Collins audio amplifier and Gables
tape reproducer. Speakers are located throughout the cabin
with a speaker in each lavatory and the cockpit. Either the
pilot, co-pilot or a stewardess can use the aircraft audio sys-
tem to make pertinent announcements.

Power for all communications equipment and for other
electrical and electronic equipment on board is provided
from 28-volt d.c. battery sources and 115-v.a.c., 400-cycle
sources. Most of the primary power for communications
equipment is derived from 113-v.a.c., 400-cycle generators. In
the DC-8, for example, each of the four jet engines operates
an a.c. generator. There is ample generator capacity. All of
the svstems on a DC-8 requiring 400-cycle a.c. can be sup-
plied from the output of 1% generators. Thus, there are always
two in reserve for contingencies.

The location of remotely controlled communications and
other electronic gear is determined in the design of each indi-
vidual jet transport. In the DC-8, the equipment is located in
radio racks behind the captain’s position; in the Boeing 720,
the equipment is beneath the floor aft of the cockpit; while in
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the Caracelle, radio equipment racks are aft of the cockpit on
the second officer’s side of the aircraft.

Fig. 1 shows a functional diagram of a typical high-fre-
quency system as employed in the Douglas DC-8. Althongh
only a single system is shown, two complete systems are nor-
mally used to provide maximum safety should a failure ocenr
in one of the systems. This system operates in the 2- to 22-mc.
range utilizing up to 168 common transmit-receive chan-
nels, 24 receive-only channels, and up to 23 transmit-only
channels. Transmitter and receiver frequency selection is
controlled from a panel in the cockpit, and all tuning and
antenna loading are entirely automatic, performed by an in-
genious servo system. In the receivers, i.f, crvstal bandpass
filters are employed, resulting in a bandwidth of only 3 ke.
giving the receiver excellent selectivity. Isolation between
the two h.f. systems, and between transmitters and receivers,
is provided by switching systems in the lightning-arrester
unit. With this system, it is possible to receive with hoth h.f.
receivers simultaneously, although only one transmitter can
be used at a time.

FFig. 2 shows, in functional form, the interconnection of the
v.hf. communications systems on the standard DC-8. Both
v.h.f. systems operate independently of each other, so that
both transmitters can be operated simultaneously if desired.
The control panel is located in the pilot’s overhead switch
panel and includes two frequency selectors with concentric
volume control, two on-off switches, two squelch controls, and
two single-channel/double-channel switches. In the double-
channel position, the transmitter carrier position is 6 mc.
above the receiver frequency. This action is functional only
when the frequency indicator reads 118.0 through 120.95 or
127.0 throngh 129.95 mec.

Fig. 3 shows the location of the various communications
and navigation antennas on a DC-8. Antenna locations and
sizes on jet aircraft differ from the conventional piston-engine
aircraft. The greater speed of jet aircraft demands antennas
with low silhouette and, consequently, lower drag.

Because of the large numbers of equipment available, and
because each airline has its own preferences based upon ex-
perience, the selection of communications equipment is done
by airline executives in cooperation with the airframe mann-
facturers. The Douglas systems shown in Figs. 1 and 2 are
standard systems offered by Douglas. On the other hand.
United Air Lines’ DC-8’s, B-720's, and Caravelles employ
Collins equipment specified by the airlines. Each United
plane has two Collins 51X-2 receivers and 17L-7 transmitters.
The receivers are used for both v.h.f. navigation and commnu-
nications. On the nine DC-8's flving between the mainland
and Honolulu, dual h.f. transmitters and receivers made by
Acro Communications Company. and known as the “Atom”
and the “Star” are installed. These over-water planes also
carry PRC-17 military type walkie-talkies and Granger self-
contained life raft beacon transmitters operating on the
121.5-me. emergency frequency. Other airlines may specify
different equipment, but it is common practice to employ the
antennas provided by the airframe manufacturer since these
are an integral part of the aircraft, designed and located for
best aerodynamic characteristics as well as optimum com-
munications efficiency and radiation patterns.

Typical Equipment

The Collins airborne v.h.f. transmitter, Model 17L-7, is the
latest in a series which has become quite popular among air-
lines. It provides 25-watt output in the 118.0- to 151.95-mc.
range with 680 crystal-controlled channels 50 ke. apart. The
greater coverage is provided to accommodate communica-
tions in certain overseas areas where v.h.f. higher than 135.95
me. may be used. The transmitter is partially transistorized,
weighs 14 pounds, and is housed in a short % ATR case. The
entire 680-channel coverage is accomplished using only 38
crystals by frequency-synthesis (Continued on page 94)
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PARALLEL-RESISTOR CHART

By LARRY W. BRINDLEY

Useful chart for finding values of two standard
resistors for any total resistance value needed.
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ANY times when a technician or engineer is work-
M ing on a project, he needs a resistor which is not

to be found in the standard 10-percent range. This
chart will indicate the two preferred standard resistance
values that may be paralleled to give the required resist-
ance vahue.

To use the chart, move, on the right-hand scale, to the
“Required Resistance” value, Then move horizontally to
the left until two intersecting diagonal lines are reached.
Follow, to the left, the two diagonal lines which form the
intersection until they cross the “Preferred Resistor Values”
axis, At the point where they cross the axis read the values
of the two preferred resistors which can be paralleled to
give the required resistance value.

For example: Suppose we need a 30-ohm resistance. Go
to the 30-ohm resistance value on the right-hand scale. Then
move horizontally to the left until a pair of intersecting di-
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agonals is reached. Follow, to the left, the two diagonal lines
which intersect. They cross the left-hand scale at 47 and 82
ohms respectively. Therefore, a 47-ohm resistor and an 82-
ohm resistor, connected in parallel, would yield the 30 ohms
needed in the circuit.

As an alternative, a 39-ohm resistor and a 120-ohm re-
sistor or a 68-ohm and a 56-ohm resistor, in parallel, would
also give the required 30-ohm resistance value. Note that
the closer the intersection of the two diagonals is to the
required resistance value, the closer is the parallel resistance
value to the required resistance. If a 3000-ohm resistor is
needed, simply add the required zevos.

This technique can be applied to any value, by adding
the requived number of zeros, as long as both resistor values
are in the same decade. This chart cannot be used to deter-
mine the resultant resistance obtained by paralleling, say, a
20,000- and a 2000-ohm resistor.
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RECENT DEVELOPMENTS in ELECTRONICS

Communications Satellites. Our first suc-
cessful synchronous communications satel-
lite (near right) is, at the time this is being
written, whirling in orbit 22,300 miles above
earth. At its speed of 7000 mph, “Syncom”
is over Brazil and is making an elongated
figure-8 pattern with respect to a point on
the earth. When the satellite was hovering
over the mid-Atlantic, it was able to “see”
both California and Africa, 8000 miles
apart, and it successfully relayed voice
signals between these points. The satellite
can be precisely controlled from the ground
at all times. Only three such satellites would
be needed for world-wide communications.
“Syncom” was built by Hughes for NASA.
Another successful satellite is “Relay” (far
right), built by RCA for NASA. This lower-
orbit fast-moving satellite has already
carried out over 1350 experiments in
intercontinental television, voice, facsimile,
and in data-processing communications.
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Electron-Beam Orill. (Top left) Taken
through a microscope, this close-up photo
shows clusters of three tiny holes drilled
in a space roughly equal to the cross-
section of a human hair. The hair, shown
in silhouette, is about .004” in diameter.
The holes were drilled through a thin sheet
of tungsten by vaporizing the metal with
a concentrated electron beam. The indi-
vidua! holes (about .0008” in diameter)
are too small to be seen with the naked
eye. Work is underway at a Westinghouse
laboratory to develop a manufacturing tool
using this technique that will drill holes,
cut intricate shapes, and weld parts to-
gether in areas only a fraction of the size
of a grain of sand....Lilliputian-Sized
Laser. (Bottom left) A highly compact laser
that can be used by distressed boatsmen
and downed pilots to signal their positions
has been developed by Raytheon. The
taser puts out pulses of invisible light that
can be detected 30 air miles away with a
special receiving device. The unit can be
fired up to 50 times before the battery
needs recharging. The laser rod, replacing
the ruby crystal in a conventiona! solid-
state laser, is doped calcium tungstate.

ELECTRONICS WORLD
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Missilz Tracker. (Above) The second of the world's largest
missile-tracking ships, the USAF’s "Gen. Hoyt S. Vandenberg,”
aims its 3- and 4-story high tracking-radar antennas into space.
These antennas are part of SINTRAK, the most powerful track-
tng radar on the Atlantic Missile Range. Sperry Rand developed
the system and converted the ship from a troop transport. The
ship will be stationed in the Indian Ocean, from which it will
track our missile and space shots. ... TV Tape Recorder. (Left)
Built into a TV set is a tape recorder that is claimed by The
Telcan Co. {England) to be able to record and play back both
sound and video signals. The company has demonstrated a sep-
arate recorder, priced at about $170 in England. Some members
of the press who viewed the demonstration expressed reserva-
tions about the picture quality. Standard quarter-inch record-
Ing tape was employed at an operating speed of 120 inches/sec.

Commercial Tropo Scatter System. (Below left) The $5-millicn tropospheric scatter com-
munications system between Arnette Is., Alaska and Vancouver Is,, British Columbia is
among the largest-capacity commercial systems of its kind. The 344-mile General Tele-
phone & Electronics Corp. system provides 240 channels for voice communications and
data transmission for commercial and defense purposes. Previous systems have been gov-
ernment financed with a typical maximum capacity of about 120 channels. . . . Brain-Wave
Detectives. (Below right) An experimental program to explore the use of brain waves as a
possible long-distance monitor af human behavior is now underway at Honeywell labora-
tories. A special-purpose digital computer receives and analyzes brain responses to rigidly
controlled events. These evoked responses are then rapidly accumulated by the computer.
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Epttor's NoOTE: Because of the limited size of the sample, it
would not be fair to name the brands of tape that were checked.
However, the results do indicate the range of performance varia-
tion that may be expected. It should be pointed out that no at-
tempt was made to optimize the bias adjustments for each of the
tapes tested, This technique is used in professional recording
when a very large amount of tape is employed. The non-profes-
sional user, however, does not expect to have to re-adjust his
recorder every time he changes his brand of tape.

tensively reviewed in electronics and other journals
catering to the audiophile, there is very little informa-

tion to guide him in his choice of tape, either as to kind or
brand. This article seeks to probe a bit into the matter, but
cannot aim at coming up with definitive statements because
that is the job of a professional testing organization prepared
to devote much time to the task and properly equipped for it.
Nonetheless, it would appear that observations based on a
limited sample of tapes and a limited number of tests can be
useful in drawing attention to the problem and giving the
audiophile something to think about when choosing a tape.
This article is based in part on such a sample, consisting of

WHICH TAPE
T0 USE?

By HERMAN BURSTEIN

! LTHOUGH most categories of audio equipment are ex-

Measurable differences, though moderate or
slight, are significant to the serious recordist.
Here are results of a sampling of tapes compared
for response, distortion, and for output level.

one reel each of ten different tapes, which were tested with
respect to frequency response, distortion, and output. A de-
finitive test would take into account additional magnetic
properties as well as physical properties (strength, smooth-
ness). It would examine all varieties of tape, most nume
brands of each variety, and several reels of each brand.

The ten tapes employed in the tests ure described in Table
1 which lists the base material as well as the thickness of the
various tapes.

Tapes 1 through 6 in Table 1 are those of two widely ad-
vertised, well-known tape manufacturers. Tapes 7 and 8 are
also brand names, but less important in the tape field. Tapes
9 and 10 are of unknown manufacture. All ten are conven-
tional audio tapes in the sense that they are not special types

Tape 1 | Major brand A, 1Y2-mil acetate
Tape 2 Major brand A, 1-mil Mylar
Tape 3 Major brand A, Yz-mil Mylar
Tape 4 “Major brand B, 1Y2-mil acetate

Tape 5 | Major brand B, 1-mil Mylar

Tape 6 Major brand B, Y2-mil Mylar
Tape7 | Minor brand C, 1%2-mil acetate
Tape 8 | Minor brand D, 1%2-mil acetate
Tape 9 Off-brand E,  1%2-mil acetate
Tape 10| Off-brand F, 1-mil_Mylar

Table 1. Listing of the ten reels of tape tested for this report.

designed to minimize print-through or to maximize output
level {called “low print-through” and “high-output™ type
tapes).

Frequeney Response

Using a high-quality home tape recorder, response at 153,-
000, 10,000, and 5000 cps was respectively tested at speeds of
7%, 3%, and 1% ips. Based on 1000 cps as the 0 db reference
frequency, the results obtained are those shown in Table 2.

This tabulation shows that at 7% ips none of the tapes ex-
hibited a serious loss or exaggeration of treble response. On
the other hand, between the best and worst of the tapes there
was a difference of 3 db, which can slightly affect the colora-
tion of reproduced sound.

At 3% ips, which is a tape speed frequently used in the
home for recording of popular music, three of the tapes gave
questionable performance, exhibiting 2.5 or 3.5 db loss at
10,000 cps. Between the best and worst of the tapes there was
a difference of 5 db, which is quite substantial. Similar differ-
ences among tapes showed up at 1% ips, a speed that is com-
ing into increased home use not only for speech but also for
background music.

It is interesting to note, based on the results for tapes 1
through 6, that high-frequency response in general dimin-
ished with tape thickness, that is, the 1%-mil tapes performed
slightly better than their 1-mil and %-mil counterparts.

Bass response of the ten tapes was also compared. Here
differences were trivial. At 50 cps and again at 30 cps the
greatest difference between any two tapes was about ’ db.

Harmonic Distortion

Using a frequency of 400 ¢ps and recording at 7% ips at
maximum permissible recording level, as indicated by the
record-level indicator, harmonic distortion was measured. The
results, ranging from a low of 2.6% to a high of 4.2% distortion,
are given in Table 3.

Note that in the case of major brand A (tapes 1 through 3),
distortion was appreciably less for the thinner tapes than for
the 1%-mil tape, while just the opposite was true for major
brand B (tapes 4 through 6).

Output Level

Using a frequency of 1000 c¢ps and recording at 7 ips at
maximum permissible level, tape output was measured in



plavback. Output of Tape 4 (major brand, 1%-mil acetate)
was arbitrarily selected as the 0-db reference.

Inasmuch as it may be difficult in tape recording to obtain
a really satisfactory signal-to-noise ratio, a reduction of even
1 db in output level must be considered significant. Three of
the ten tapes exhibited such drops, as shown in the last col-
umn of figures in Table 3.

Tapes 1 through 6 show a general tendency for output to
drop as tape thickness is diminished. This follows from the
fact that in the I-mil and %-mil tapes the coating as well as
the base is made thinner. It is curious to note, however, that
in the case of major brand B (tapes 4 through 6), the drop
in output was greater for the 1-mil tape than for the %-mil
tape.

On the whole, the differences among the various tapes
tested for the purpose of this article were moderate or slight
rather than profound. But that doesn’t mean that they were
unimportant and therefore to be ignored. It must be consid-
ered that in the already advanced state of the high-fidelity
art, most improvements tend to be small rather than over-
whelming. To the serious audiophile, any improvement—
however small—is welcome because a series of small im-
provements can add up to an important total. Therefore, it
would appear that the serious recordist will want to avail
himself of the best tupes even though their performance
surpasses the lesser tapes by only a small margin.

Properties Not Measured

There are a number of important physical and magnetic
propertics—such as strength, immunity to curling and cup-

Tape 15,000 cps @ 10,000 cps @ 5000 cps @
72 ips 3% ips 1% ips
1 1.0 -0.5 -5.5
2 1.0 -0.5 -45
3 0.0 -2.5 7.0
4 1.5 1.5 -2.5
5 1.5 1.0 -3.0
6 | 0.5 -1.0 | -4.5
7 -0.5 -1.5 -4.5
8 -1.0 -2.5 -5.0
_ 9 -1.0 -35 -7.0
10 2. 0.0 4.5

Table 2. Record-playback response (in db) at high frequencies.

ping, acenracy of slitting, smoothness, Inbrication, absence
of dropouts, imperviousness to print-through, resistance to
flaking, stability of characteristics within the reel and from
reel to reel—which were not tested owing to lack of suitable
facilities. It is difficult to get information about such charac-
teristics in order to compare one tape with another, and it is
through the purchase of premium tupes—tapes made by es-
tablished, reputable companies—that the serious recordist
enhances his chances of getting the best with respect to these
characteristics that the art affords.

When tape is offered at a bargain price, substantially
below that of premium tape, it stands to reason that tape
quality must suffer in some wayv. A premium tape is manu-
factured to meet a set of standards making for optimum
performance when recording and reproducing audio infor-
mation on a tape machine. This is not necessarily so in the
case of bargain tape.

Some bargain tapes are rejects of premium tape that fail
to meet specifications. Some are rejects of computer or video
tape. In the case of computer tape, the emphasis is on high-
frequency response (because the computer is dealing with
puises), and when such tape is used for audio the mid-
range and bass may suffer. In the case of video tape, the
magnetic particles of the coating are oriented crosswise
rather than lengthwise, so that there may be a drop in ontput
when such tape is used for audio purposes.
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Harmonic Distortion Output Level Relative
(%) to Tape 4 (db)
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Table 3. Harmonic distortion and output level of the ten tapes.
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Not all bargain tape consists of rejects. Some is purposely
made for the low-price market by taking short-cuts in man-
nfacturing. For example, the milling process—which finely
disperses the oxide particles in a binder—uses a slowly re-
volving cvlinder. New machines are available that can
achieve dispersal in a matter of hours or minutes through a
hammering process, but this tends to adversely affect both
the magnetic and physical properties of the coating. A tape
made in this fashion may have reduced output, reduced
treble, and an increased tendency for the oxide to rub off.

Which Premium Tape?

Assuming that the recordist grants that it is worth paving
the substantial price difference between a bargain tape and
a premium tape, he is still faced with the question of what
variety and what brand of tape to buy.

In part, his choice may be dictated by special problems
that he is experiencing. If he is accustomed to recording at
relatively high level, and is not bothered by the increased
distortion that accompanies elevated recording level, his
problem may be print-through. Special low-print-through
tapes are available, achieved by a combination of a relatively
thick base, a relativelv thin magnetic coating, and a special
magnetic oxide formulation. Such tapes reduce susceptibility
to print-through by about 8 db.

If the recordist’s problem is poor signal-to-noise ratio, and
he is already recording at as high a level as he dare in view
of the resulting distortion, high-output tape is available to
him, permitting an increase of about 7 or 8 db in output. On
the other hand, such tape tends to have slightly poorer
treble response than conventional tape and tends to be more
susceptible to print-through. This is the natural result of the
considerably greater intensity of the magnetic field recorded
on the tape.

If the recordist’s problem is that he is forever reaching
the end of the reel before he has completed taping a pro-
gram off the air (for example, opera), and if he disdains the
somewhat lower fidelity of 3% ips compared with 7% ips, he
can have recourse to 1-mil or %-mil tupe, which respectively
provide 50% and 100% more playing time per reel. However,
these tapes have greater susceptibility to print-through than
does 1%-mil tape.

If the recordist elects to stay with 1%-mil tape but en-
counters difficulties, such as embrittlement, owing to the
conditions of temperature and humidity of his environment,
he can purchase 1)%-mil tape with a Mvlar rather than acetate
base. Virtually all 1-mil tape and all %-mil tape comes with
a Mvlar base.

Having decided what variety of tape is best for him and
assnming that this particular variety is made by more than
one manufacturer, it remains for the recordist to decide which
brand to buy. As mentioned at the outset of this article, the
reports of a professional testing organization would be very
helpful at this juncture. In the meantime, the recordist has
to decide for himself by trying various brands and comparing
them in such respects as treble response, dropouts, squeal,
and tape noise.
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NEW
CITIZENS BAND
CIRCUITS

By LEN BUCKWALTER

A transceiver that uses fixed LC circuits
instead of crystals to select the received
signals and one using ceramic Lf. filters
plus a useful “S”-meter attachment for CB.

generally known, but rarely applied, technique for cre-

ating fixed receive channels. Contrary to standard
practice, E.C.1’s “Courier” transceiver uses no crystals in the
receive local oscillator, but nevertheless achieves the conven-
ience of switch-selected operation.

If the frequencies assigned to the Citizens Band are ex-
amined, it will be seen that a scant 10-ke. separates most
channels. Couple this factor to the large number of on-the-
air stations and the need for high receiver selectivity becomes
apparent. A recent effort to reduce adjuacent-channel inter-
ference appears in Allied Radio’s “Knight-Kit” KG-4000. It is
the first CB unit to utilize a ceramic filter for narrowing re-
ceiver bandwidth.

Our final description covers a new “S”-meter accessory by
Business Radio Inc. It may be attached to any CB unit with-
out regard for the type of power supply incorporated.

r I < HE first circuit to be described this month emplovs a

(a) E.C.I. “Courier I” Transceiver

Crystal control of a receive oscillator has been the conven-
tional approach for providing the CB operator with an accu-
rate, switch-type channel selector. In a departure from this
technique E.C.I. has fitted its “Courier I” with four fixed-
channel positions solely through coil-capacitor tuned circuitry.
In addition to eliminating receive crystals, the system permits
rapid re-alignment to any set of channels required by the
operator. The transmit section, in accordance with FCC law,
remains crvstal-controlled.

The unit contains a triple-conversion receiver. An incoming
carrier on 27 me. is heterodvned by local oscillators down to

Fig. 1. Trimmer capacitors replace crystals in the 3rd converter.
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10.4 me., 1505 ke., and finally 262 ke. prior to detection. It
is in the last oscillator that channel selection is accomplished
(Fig. 1).

The 6BES oscillator forms a conventional tapped-coil Hart-
ley circuit. As seen in the lower right portion of the schematic,
a combination of variable and adjustable capacitors form the
basis of crystal-less performance. Consider, first, how the re-
ceiver is manually tuned over the 23-channel band. The chan-
nel selector switch, $704 is shown in the first or “Manual”
tuning position. In this mode, variable capacitor C706 can
apply its full range of capacity—3 to 34 pf.—across the oscilla-
tor coil, L702. This provides the operator with a front-panel
control for continuous tuning. Note that C707 is now re-
moved from the circuit by meaus of the shorting action of
switch $704.

The first fixed-tuned channel is activated when the common
switch pole moves to terminal 1. This inserts the first of four
adjustable capacitors across the oscillator coil. (These capaci-
tors, C709-C712, are initially set up on four desired chan-
nels.) But observe that the manual tuning capacitor remains
active during all positions of the selector switch, Its range of
capacity, however, is considerably reduced during fixed-
channel reception. As the switch pole moves off “Manual”
tuning, the capacitor is placed in series with C707 and it be-
comes a frequency vernier for precise trimming of each fixed-
channel capacitor. Such vernier action, which allows the
operator to fine-tune over a 3- or 4-kc. range, is required with
the triple-conversion circuitry. High selectivity of the i.f. strip
would otherwise clip slightly off-frequency signals that are
being received.

Two design features contribute to the stability that is man-
datory in the crystal-less system. Critical capacitors, as in-
dicated in the schematic, are temperature-compensated types
(NPO). Also, low operating frequency of the oscillator stage
minimizes problems of drift. When it is desired to re-align an
adjustable capacitor to a new channel, a spotting switch on
the transmitter will provide an accurate transmit frequency.

(b) Allied Radio “Knight-Kit” KG-1000 Transceiver

Many CB receivers rely on dual-conversion, added if.
stages, or crystal filters to attain sharp selectivity. Allied
Radio’ has elected to use a (Continued on page 70)

ELECTRONICS WORLD



PRACTICES and EQUIPMENT

By JACK BEEVER / Jerrold Electronics Corporation

Why do some u.h.f. converters reduce set sensitivity while others
can improve an all-channel set? How do you choose the correct u.h.f.
antenna and can you mount it too high? What precautions must be
taken to avoid losing most of the signal in the transmission line?

/ ject of u.h.f. veception, so a list of pros and cons about
[ uwhf mav be a good way to start this article. Here
are the “pros.”

1. The u.hf. antennas are smaller and eusier to handle
than v.h.f. antennas.

2. You get much more antenna gain for the buving dollar,
with the result that very sharp patterns are readily available
—hence good ghost rejection.

3. Man-made interference and ’sferic interference are
greatly reduced.

4. Co-channel and adjacent channel interference are un-
known at u.hf.

5. Stations can £l in “holes” in their coverage pattern by
using low-powere(l, unattended translators. Some stations
have as many as four translators working for them.

6. Such u.h.f. antennas have much less wind-loading sur-
faces than v.hif. antennas, and thus can get along with
smaller, less expensive, supporting masts.

Against these henefits are the following “con” points.

1. Signals at uw.h.f. don’t “get out” as far as v.h.f. The
recent New York Citv tests indicated that channels 2 to 6
are best when vou get out past 15 miles (depending on

xLOT of mythology and exaggeration surrounds the sub-
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transmitting antenna height), channels 7 to 13 are next
best, and channels 14 to 83 (u.h.f.) are worst. But—the dil-
ference between 2 to 6 and 7 to 13 is greater than the
difterence between 7 to 13 and 14 to 83.

2. Antennas for u.h.f. need a little more care in installa-
tion—careless installation of down-lead is apt to cause more
trouble at w.li.f. than at v.h.f.

3. Receiver noise figures are not as good at u.l.f. as they
are at v.h.f,, so vou need more signal to get snow-free pic-
tures. Offsetting this is the fact that u.h.f. stations can go up
to 5-megawatts effective radiated power (e.r.p.), while chan-
nels 2 to 6 are allowed only 100-kilowatts e.r.p. and channels
7 to 13 are allowed 316-kilowatts e.r.p. You also get more
receiving antenna gain for equivalent sizes of antenna.

4. The u.h.f. tuners are continuous types. So far, no detent-
tvpe tuners similur to v.h.f. tuners have been produced.
However, the demand for u.h.f. reception is bound to pro-
duce detent-tvpe tuners of some sort in the future.

The recent FCC ruling which says that any television set
shipped in interstate commerce after April 30, 1964 must have
the ability to receive all TV channels, 2 to 83, will put a tre-
mendous pressure on the television and antenna installer to
get on the bandwagon. Meanwhile, top-of-the-set converters
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are available to provide u.h.f. reception to owners of v.h.f.-
only sets.

The problem of reception breaks down into four categories
—all-channel receivers, top-of-the-set converters, antennas,
and down-lead systems. We will discuss these in order.

All-Channel Receivers

The all-channel receiver is essentially a conventional tele-
vision set equipped with two tuners, one v.h.f. and one u.h.f.
Each of the tuners is really the front end of a snperheterodyne
receiver and cousists of the oscillator and mixer portion. They
are so wired that the w.h.f. tuner is out of circuit until the
v.lf. tuner is set at the “U.H.F.” position of the tuning dial,

VHF. ANTENNA /ﬁ%/
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Fig. 1. Typical all-channel TV set uses a common i.f. strip
and mechanical switching for either v.h.f. or u.h.f. tuners.
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Fig. 2. There are three types of u.h.f, converters. The oscil-
lator-mixer combination for strong-signal areas (A), the same
using an i.f. post-amplifier for gain (B), and a high-gain
converter (C) using both an rf. and i.f. post-amplifier.

at which time, the v.h.f. tuner is disconnected from the if.
input and the u.h.f. tuner is connected. Both tuners, of course,
provide the same i.f. In some sets, the u.h.f. tuner output is
fed to the v.h.f. tuner input for extra gain.

This design requirement has produced a change in the if.
strips of receivers. Attention is being directed toward a first
i.f. stage that is very sensitive and has a good noise figure,
since practically all present w.h.f. tuners have loss—not gain.
This is called “conversion loss” and may be from 10 to 14 db.
This statement, by the way, is not necessarily true of top-of-
the-set converters, since these units often have a built-in i.f.
amplifier that can give them a net gain of anywhere from
6 to 15 db, depending on make and frequency. Fig. 1 is a
block diagram of a u.h.f. tuner, and the method of connection.

Transistor development has reached the point where solid-
state w.h.f. tuners have been designed with noise figures as
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good or better than tube units. One design has a built-in r.f.
amplifier, a considerable improvement in the art, which re-
sults in a greatly improved noise figure. Present designs with-
out the r.f. amplifier are dependent on the mixer crystal for
their noise figures, and these vary considerably from nnit to
unit. A snowy reception problem can sometimes be cleared
up by trying various mixer crystals in the tuner or changing
to a superior crystal type. In the latter case, manufacturer’s
recommendations should be followed closely.

U.HLF. Converters

Top-of-the-set converters are u.h.f. tuners quite like the
tuners in all-channel sets. They differ in using an intermediate
frequency which is a v.h.f. channel, usually channels 5 or 6.
Presently available types use either an oscillator and mixer
crystal or a combination of oscillator, mixer crystal, and i.f.
amplifier. One model, designed for only the translator fre-
quencies, channels 70 to 83, uses a tube r.f. amplifier, crystal
mixer, nuvistor oscillator, and transistor i.f. The reason for
this elaborate converter lies in the low power of translators,
with an allowed maximum of 100 watts.

Strangely enongh, it sometimes pays to use a top-of-the-set
converter even when an all-channel recciver is available, be-
canse the top-of-the-set converters of the more elaborate type
have better gain than the built-in tuner. Fig. 2 diagrams the
three types of converters. Fig. 3 illustrates one type.

Take care not to re-dress any leads in the r.f. sections of
these units—that crinkled piece of wire or silver strap may be
a tuning inductor, and bending it can throw the unit com-
pletely out of alignment. These portions of the circnit rarely
go wrong—usually troubles are quite simple things such as a
shorted rectifier, blown bypass capacitors, and occasionally,
dirty tuner contacts. These latter should be washed with a
solvent and relubricated—do not bend the wiper contacts or
you'll change the over-all alignment.

Antennas

The bugaboo of all urban TV reception is ghosting. It also
can become a serions problem in some rural areas, especially
in the vicinity of bridges and elevated water tanks. The only
practical solution to the ghosting problem is to nse an antenna
of a highly directive nature—a narrow beam. This allows the
installer to aim at the station and ignore as much as possible
ghosts, which, in practically every case, come from a different
direction than the main signal. Sometimes the better signal is
the ghost signal, and then he may orient on the ghost signal.
The success of the effort depends on the directivity of the
antenna, and the directivity of the antenna increases as the
gain increases.

Let us look at indoor antennas first, since they are a major
source of signal to uh.f. receivers. At v.h.f., indoor antennas
occupy a large area. The basic antenna is a dipole, and it is
totally impractical to try to add other elements to increase
directivity and gain—there just isn’t room on top of the TV
set. In u.h.f., the dipoles are small—about a foot long—and it
is not unusual to mount two of them against a reflector screen.
This is the familiar “twin bow-tie-on-a-screen” which will
have gains up to 6-db higher than a v.h.f. indoor antenna,
with a correspondingly better pattern of reception. Such an-
tennas are small, easily maneuvered, and umlikely to be
knocked over.

Use of an indoor antenna is predicated on being able to
move the antenna into a position that can take advantage of
the immensely complex standing waves occnrring inside a
building. Since u.h.f. uses much shorter waves than v.h.£,, the
standing-wave patterns repeat oftener in a given volume of
space, and a greater choice is given the user in the selection
of a good location for the indoor antenna. Much smaller
movements of the wh.f. antenna produce picture changes
than is required for similar changes at v.h.f. The good looks
of w.h.f. indoor antennas is sometimes against them—house-
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Type Cable: pair of =22 conductors in polyethylene web with
cellular polyethylene jacket. (Belden 8285)
Low U.H.F. (500 mc.)Mid U.H.F. (700 mc.)High U.H.F. (900 mc.)
Dry 3.8 db 48 db 5.6 db
Wet 17.0 db*
Type Cable: pair of #20 conductors, tubular polyethylene jacket
with inert-gas filled polyfoam core. (Belden 8275)
Low U.H.F. (500 mc.)Mid U.H.F. (700 mc.) High U.H.F. (900 mc.)
Dry 2.98 db 3.62 db 43 db
Wet 50.0 db*
Type Cable: pair of =20 conductors in brown, flat, polyethylene
ribbon (Belden 8230)
Low U.H.F. (500 mc.)Mid U.H.F. (700 mc.) High U.H.F. (300 mc.)
Dry 3.1 db 3.7 db 45 db
Wet 72.0 db*

*The wet figures are for total immersion in water, which would
not occur in practice, but are indicative of water losses in rain.

Table 1. Losses in parallel-pair transmission lines at v.h.f.
measured in db per hundred feet of transmission-line length,

wives want to line them up parallel with the front edge of the
TV set cabinet.

Indoor antenmas do a good job—but they never do as good
a job as an outdoor antenna, simply because the outdoor an-
tenna is in a “cleaner”™=less complex field. The reflections of
signals occurring inside the house do not reach far outside the
walls, and they are weakened in their passage out, just as they
were weakened going in.

The problems outdoors are likelvy to fall into either the
weak signal arca or the ghosting area, and both call for the
same solution—a high-gain antenna. If signals are strong and
clean, with no echoes (ghosts), the antenna choice depends
upon the number of stations desired or availuble, and must
be made according to the reception patterns of the antennas.
Tyvpical reception patterns of various tvpes of w.h.f. antennas
are shown on the front cover. These will vary slightly in dif-
ferent makes and models, but the patterns shown provide a
good idea of the results to be expected.

For instance, suppose the situation were such that two sta-
tions were available, but that the location of reception sees
these two with an angle of about 45° between them. The situ-
ation could be handled with an antenna rotator, but a glance
at the reception patterns indicates that cither the dipole-and-
screen combination, or the corner-reflector tvpe would receive
quite well from the two directions without being rotated. The
vagi, billboard, or parabolic would have to be aimed at each
station as it was needed. But if the problem of ghosts exists—
which is actually a multi-path problem—the installer should
go to the vagi, the billboard array, or the parabolic antenna,
regardless of signal strength, What is needed is the directivity
of these antennas. In the case described above, u rotator
would probably be called for with those arravs.

The problem of weak signals is one of antenna gain—the
weaker the signal, the more gain is required —and perhaps
other refinements of technique such as high towers to support
the antenna clear of obstruction, These ancillary techniques
are no different than those used in fringe v.h.f, installations.

An interesting comparison can be drawn between the size-
gain relationship of vh.f. and v.hf. antennas. For example, a
6-foot parabolic reflector, which exhibits a 19-db gain at 890
me. would need to be 23 feet across to provide the same gain
at channel 2. Another example is the corner reflector, which
at channel 2 would be 17 feet across and about 24 feet high
for the same gain. Compare this to the u.h.f. corner reflector
at roughly 20x30 inches.

One final note on antenmnas. Since the standing waves,
which are always with us, repeat their patterns closer to-
gether at u.h.f., orientation of an antenna is a little trickier.
Small movements of the antenna can muake quite large
changes in the signal strength delivered, so it is necessary to
orient carefullv—making slow, small moves of the antenna,
and moving up and down, sidewavs, and back to front.

A great many installations will consist of adding a w.h.f.
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antenna and down-lead to an existing v.h.f. antenna installa-
tion. If no bad problems exist, such as ghosts or weak signals,
1o objection can be made to mounting the u.h.f, antenna on
the same mast as the v.uf. antenna. Certain precautions
should be taken to avoid difficulty caused by the antennas
interfering with each other.

In general, the uwh.f. antenna is considerably smaller than
the v.h.f. antenna, which means that the v.h.f. antenna has
elements out front which will pick up w.h.f. signals and re-
radiate them into the u.h.f. antenna. This can produce either
strengthened or reduced u.h.f. signals, depending on the
phase of the re-radiated signals. The phase of these re-radi-
ated signals can be changed by altering the relative vertical
spacing.

Boiling this down to practice, in most cases of the typical
10-foot mast, the u.h.f. antenna should g0 on top of the must,
and the v.h.f. antenna at least 3 feet down from the driven
elements (dipoles) of the uw.h.f. antenna. If signals are less
than expected or smeary pictures are noted, move the v.h.f.
antenna up and down on the mast while watching w.h.f. pic-
tures. When satisfied, recheck the v.h.f. signals,

When more mast room is available, keep the antennas

Fig. 3. This top-of-set u.h.f. converter uses a nuvistor in
oscillator portion and high-frequency, low-noise transistor
as the i.f. amplifier. Output is either v.h.f. Ch, 5 or 6.

Fig. 4. A mast-mounted, broadband u.h.f. preamplifier can be
used to greatly improve the system’s signal-to-noise ratio.

spaced vertically apart by a distance equal to the length of the
longest element of the v.h.f. antenna. At this spacing, almost
no interaction between antennas will be seen.

Transmission Lines

The next subject is the down-lead system—the transmission
line. This area is probably the one where most mistakes are
made. Parallel-pair transmission lines (both 300-ohm flat and
tubular lines are parallel-pair lines) are bothered by things
that are close to them-not necessarily touching, just close
by. They are particularly prone to metal in close proximity,
although any dense material will affect them, Certain points
in using these lines are so important that we’ll put them in
the form of rules.

1. Necer use flat-ribbon line outdoors for u.h.f. Use tubu-
lar or expanded, foam-tyvpe (Continued on page 78)

39



THE
ELECTRONICS

LAB

TECHNICIAN: HS ROLE IN INDUSTRY

By CYRUS GLICKSTEIN

What are the duties, responsibilities, requirements, and
salary ranges for this important job in our R & D labs?

HE amazing growth of the clectronics industry in

recent vears has been sparked by the outstanding

achievements of scientists and engineers in the R&D
(research and development) laboratories of our mnation.
Working side by side with engineers, laboratory technicians
have also contributed substantially to progress in the in-
dustry. Engineers generally agree that lab teclmicians serve
a vital function on the R&D team.

The laboratory technician is far from being just a handy
man with a soldering iron who assembles circuits on a bread-
hoard at the direction of an engineer.

Exactly what are the functions of a luboratory technician
in an electronics manufacturing firm? What qualifications are
expected of him when he applies for his first job and later
on, when he is more experienced? What are the possibilities
for advancement? What particular satisfactions does the job
offer?

Most large- and medium-sized firms produce a variety of
clectronic equipment, while smaller firms tend to be more
specialized in their output. The specific area of electronics
the technician works in depends on the company he works
for and the department and section within the firm to which
he is assigned. The lab technician, therefore, may be assigned
to a project in any one of the following fields: space elec-
tronics, radar, navigation or communications equipment,
computers, antennas, industrial electronics, ultrasonics, TV
transmitters or receivers, test instruments, automatic con-
trols, medicul electronics, nucleonics, or any other area of
specialization covered by his firm. The lab technician may
be assigned to ecither a military or commercial R&D program.
If the firm does a substantial amount of military business, a
number of projects may be classified and the technician will
probably be required to obtain a security clearance.

Lab technicians function under a number of different titles,
which may vary from company to company. Some of the
more familiar job titles are: laboratory technician, electronics
technician, R&1) technician, and development technician.
While there may be some differences in the specific duties
assigned to a lab technician in various companies, the follow-
ing is a generalized description of his activities.

The main duties of the lab technician consist of bread-
boarding; constructing experimental, prototype, and similar
models of equipment; debugging; and testing. He may also
be required to perform various paper chores such as requisi-
tioning supplies, running curves, drawing up schematic and
other diagrams, keeping test and other records, and helping
to formulate specifications and handbook data.

Types of Projects

The company assigns a new project to the section con-
cerned with that tvpe of program. Within the section, the
project is assigned to at least one team, consisting of engi-
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neers and lab technicians with a project engineer in charge.

In addition to R&D projects which have new or improved
hardware as the end item, a firm may undertake study pro-
grams under contract to various government agencies and
private organizations. These programs are gencrally pre-
liminary studies of the feasibility of new circuits or an analy-
sis in depth of a whole area of activity prior to determining
the feasibility of new types of equipment.

If the project is a small one—for example a study program
to determine the feasibility of a parametric amplifier in a
frequency range higher than has vet been achieved—one
team may be assigned. In this type of program, the lab
technician’s main duties would consist of breadboarding
various circuits under the supervision of engineers, checking
known and new tyvpes of circuit components and circuit
arrangements, making measurements, running tests, plotting
curves, and similar duties. Where called for, he will usually
do most of the construction of the finul breadboard which
demonstrates the feasibility of the newly developed circuit.

If the project is a large one, a number of teams are used,
each assigned to a key portion of the project, again with
one project engineer in charge of the over-all program.

Program Phases

A large project involving the development of a complex
piece of new equipment entails several phases. For example,
a typical program for one of the armed services may call for
a number of production units of the equipment as the end
item, but the contract may also require several preliminary
units to be developed, fabricated, and tested by the R&D
teams. These preliminary phases will assure that the final
units for field use will have the optimum design and maximum
reliability that can be engineered into the equipment within
the time limits specified for the program. In many cases a
crash program is involved including the following:

1. Breadboard model. This consists of a breadboard of the
entire system, after breadboards of all of the component sub-
assemblies have been built and tested, to determine if the
equipment can perform as required. The appearance and
design of the breadbouard version need not approximate the
final production model.

2. Experimental (XPM) model. This model of the final
equipment is used to demonstrate the technical soundness
of the basic idea. This model does not have to have the re-
quired final form or necessarily contain parts of final design.

3. Service test model (STM). This model is used for testing
under service conditions for evaluation of suitability and
performance. It must closely approximate the final design,
have the required form, and use approved parts or inter-
changeable equivalents. After an STM is completed, it may
be given various environmental tests (vacuum, heat, hu-
midity, cold, vibration, ctc.) and delivered to the contracting
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Fig. 1. Lab technician is constructing a breadboard siubassem
bly folluwing schematic prepared under engineering direction.

Fig. 2. The operatior
by a technician using

a breadbourd circuit is checked
tgnal generators and an oscilloscope.

Fig. 3. Fechnicians troubleshoot. debug, and check operation
of compieted subussemblies using varions tvpes of test gear.

Fig. 4. Subassembly is heing subjected to extremes of teniper.
ature in the high-temperature test chamber shown in the center.

Q 5. After hreadboard of entire system is completed and

assembled, lab technicians perform system tests and de bugging.

vompleted system to see if it meels required specifications.

Fig. 6. Technicians make comprehensive performunce c/zecy
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agency for test under various field conditions. As a result of
these environmental and field tests, certain changes may be
incorporated in subsequent models.

4. Prototype (pre-production) model. This model is suit-
able for making a complete evaluation of mechanical and
electrical form, design, and performance. It must be of final
mechanical and electrical form, use approved parts, and be
representative of the equipment in its final form.

After approval by the customer, the prototype model is
turned over to the production department which then fabri-
cates production units, These incorporate final mechanical
and electrical design changes and are inade by prodnction
tools, jigs, fixtures. and methods, as applicable. In some cases,
when the production runs are small and the equipment par-
ticularly complex, these production units may be turned
over to the original R&D teams for final alignment and system
testing prior to delivery.

R&D teams in larger projects involving military equipment
are concerned essentially with the following models: bread-
boards, XPM's, STM’s, and prototvpes. R&D projects for
commercial equipment generally involve fewer models be-
tween the breadbouard and prototvpe stages.

In the initial design stages of the project, the broad lines
of approach are laid down by the engineering groups in-
volved—design, project, and staff engineers and various de-
partment consultants, while reliability engineers may pass
on the reliability aspects of preliminary designs. In many
cases, preliminary designs must be accepted by the customer
before further development proceeds. The preliminary de-
sign on paper is hased on past experience with similar circuits
or on what is considered to be the most likely approach to
new or radically different circuitry.

Technician™s Dulties

After the initial design has been accepted by the customer,
breadboarding begins, See Fig. 1. Ilere, most of the actual
work of constructing the hreadboard version is done by the
lab technician. He follows the schematic diagrams provided
by the engineer, draws the necessary parts from the stock-
room, solders circuits together where necessary, and checks
as he goes along to determine if the circuit is operating as
specified by the engineer in charge. Fig. 2. If not, he makes
further checks, using appropriate test equipment, to deter-
mine if the circuit is wired up incorrectly or some part is
defective. Depending on his qualifications, he may also test
the effects of changes in some component values before
reporting the results to the engineer. For breadboarding, the
technician must know how to read schematic diagrams, have
some degree of specialized knowledge in the urea of elec-
tronics in which he is working, have a good knowledge of
circuit behavior, and be familiar with construction and
soldering.

At various points in the program, the lab technician may
be required to run various operational and performance tests
on the sub-ussemblies (Figs. 3 and 4) and on the completed
breadboard to determine if the equipment is operating cor-
rectly. In performing these tests, the technician may be called
upon to use such test equipment as oscilloscopes, v.t.v.m.’s,
digital voltmeters, power meters, counters, signal generators,
and bridges. Tests may cover evervthing from an operational
check of each step in firing up the equipment and verifying
the operation of each control to measuring precise per-
formance parameters including frequency, power output,
selectivity and image rejection, distortion, s.w.r., noise figure,
and similar characteristics.

In making such measurements, the technician must be fa-
miliar with various types of test equipment, know how to
make such tests accurately, and how to record the results cor-
rectly. In many cases he will he expected to know when the
test results indicate that the circuit is not operating properly
and Dbe able to report on the probable cause of the difficulty.
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Debugging is an important part of developing new de-
signs. When subassemblies are interconnected and tested, the
circuit may not operate as planned. See Fig. 5. The cause
may be one or more of the following: an incorrect connection,
a defective part, unexpected interactions between circuits,
complications introduced by loading, parts values which must
be changed either because cumulative tolerances have af-
fected operation, or tor a number of other reasons. In debug-
ging, the technician first tracks down the general cause of
the difficulty, using test equipment if necessary. If the trouble
is simple—such as a defective part—he makes the repair and
re-tests the circuit. In more complex problems, where re-
design may be involved, e makes circuit changes under the
supervision and direction of the engineer in charge.

After the breadboard model is completed, tested, and ac-
cepted, the other models are constructed in turn. In each
case, circuits are completed, tested, and debugged as neces-
sary. Fig. 6. It is often discovered that in transforming a
breadbouard design into a more sophisticated model, new
problems arise due to the use of new parts, differences in
parts placement, space and weight limitations, and miscel-
laneous causes. Also, as the program proceeds, the customer
may request changes in the original design to extend the
capabilities of the unit; thus additional development work
may be required as later laboratory models are constructed.
The prototype model generally incorporates final design
changes before a production run is started. However, because
of the pace of new developments in electronics, additional
design changes may be required in completed production
units to improve or extend equipment performance.

At various points in the activities outlined thus far, the lub
technician may be involved in different tvpes of paper work.
Ile may, on occasion, be asked to draw neat schematic, block,
interconnection, or other kinds of diagrams for use by the
drafting department as a guide for final drawings. He will
usually record results of various tests covering performance
parameters on appropriate data sheets, draw graphs when
necessary, and assist engineers in providing technical writers
with operation and maintenance data for use in reports and
instruction manuals to go with the equipment.

Job Requirements

What are the requirements for a job as a lab technician?
Many firms employ three grades of technicians~"A,” “B,”
and “C.” with “A” indicating the highest grade. Hiring may
be done on all three levels, as dictated by personnel require-
ments at a given time. The job applicant is usually screened
by the personnel department interviewer, then may be inter-
viewed by an engineer from the department muking the job
request. In general, the following qualifications are expected
of the applicant:

1. Lab Technician Grade “C.” High school graduate plus
technical training. such as a two-yvear electronics technology
course, plus 1 to 3 vears of qualifving experience, or an
equivalent combination of these three requirements. The
applicant will usually be tested on his technical knowledge.

2. Lab Technician Grade “B.” High school graduate plus
two vears of college or equivalent plus 3 to 3 vears of closely
related experience, He must be familiar with specific types
of test equipment, know how to use these in various electronic
circnits, be familiar with laboratory procedures and construc-
tion practices, and have some specific knowledge of the area
of specialization in which he will work (r.f. circuitry, digital
circuits, radar, etc.). He can be expected to answer special-
ized technical questions,

3. Lab Technician Grade “A.” High school graduate plus
two vears of college or equivalent plus 5 to 7 vewrs of experi-
ence. Some recognition is given to specialized experience as
a ham operator, FCC licensee, TV bench technician, Armed
Forces electronics technician, but major experience is ex-
pected in laboratory work and in  (Continued on page 81)
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PHASEMETER

FOR

AUDIO FREQUENCIES

By THOMAS E. REAMER

HE instrument described in this article measures the

I phase angle between an unknown voltage and a refer-

ence voltage of the same frequency at audio and ultra-
sonic ranges between 20 ¢ps and 30 ke., and at voltage inputs
from 0.5 volt to 60 volts r.m.s. without adjustment. The meter
is calibrated from 0° (360 ) to 180° full-scale and is accurate
to %£3° of phase shift in the audio range. A 0°-18" full-scale
range may be switch selected, and a phase shift direction cir-
cuit indicates the input with the leading phase angle. Phase
readings may be made with much greater rapidity than with
an oscilloscope and are generally more precise, especially at
angles near 0° and 180 . The phase angle between wave-
forms such as saw-tooth, triangular, and square may also be
determined; a difficult task with an oscilloscope.

Phase angle measurements are of significance when evalu-
ating the performance of amplifiers, preamplifiers, crossover
networks, transformers, loudspeakers, filters, and attenuators.
The phase shift of low- and high-pass filters in multiplex c¢ir-
cuitry is of recent interest. Several of these applications are
discussed in some detail later in this article.

Phase-Shift Definition

Phase shift may occur when reactive elements (inductors
or capacitors) are in the circuit. Reactive capacitances may
cause a phase delay, i.c., the output voltage from the circuit
lags behind the input voltage. Reactive inductances may re-
sult in the output voltage leading the input voltage. These
effects are shown in Fig. 1A,

Fig. 1. {A) Phase shift resulting from capacitive and inductive
reactance, {B) determination of phase angle from a Lissa-
jous pattern, and (C) balanced modulator phase-measurement.

(a)
s B: 5

T
(/] &3

(B) {c)
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Phase shift may be defined as the displacement in degrees,
8, of like zero-axis crossings of the reference and unknown
voltages. If this definition is accepted, the indicated phase
shift is correct even in the case where the reference voltage
is a sine wave and the unknown voltage is a harmonically
distorted wave.

The oscilloscope is a versatile and widely used instrument
for the measurement of phase angle. A high-quality, dual-
trace instrument can be used to display hoth the reference
wave and the unknown waveform. Measurement of the dis-
placement of the peaks of the two traces will indicate directly
the phase angle. A spiral sweep circuit for use with an oscillo-
scope was devised by K. S. Lion and J. Goodman.! Two spikes
radiate from the small circular sweep on the oscilloscope
screen. Measurement of the angle between the spikes indi-
cates the phase angle. Other techniques involving Z-axis trace
blanking of a spiral sweep have been described.2

Lissajous figures, named after Jules Antoine Lissajous who
first observed them with a pendulum forming a trace in sand,
are a generally used oscilloscope procedure for the meas-
urement of phase angle. The scope internal sweep is turned
off and the two input signals directed to the vertical and hori-
zontal inputs. The distances shown in Fig. 1B are measured
and the phase angle, 6, determined with the aid of a sine
table.

The method is limited to distortionless sine waves and the
measurements must be carefully made, preferably from a
photograph. The internal phase shift of the vertical and hori-

Fig. 2. The two series of square waves from each input chan-
nel are combined in a dual-grid tube so that any phase dif-
ference can be measured on meter calibrated in degrees shift.
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Fig. 3. (A) Cathode-coupled clipper amplifier circuit. (B)
Phase standard circuit uses four 1 % resistors, 5% capacitor.
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Top-of-chassis view shows mechanical arrangement of parts.

zontal amplifiers of the scope should be identical. Measure-
ments of phase angle near 9° and 180° are difficult as the
ellipse is quite flat.

Another procedure for measuring phase difference is by
the null method.2 The phase and amplitude of the reference
voltage is varied by a known amount until it just matches the
unknown voltage as indicated by a null meter. Since most
phase shifters are more or less frequency sensitive, this
method is not as versatile as some others, although wide-band
phase shifters have been described.2

A balanced modulator arrangement may be used for phase
measurement23 (see Fig. 1C). The meter indicates zero d.c.
voltage when the phase of E1 and E= differ by 90°, a negative
voltage for 180° shift and a positive voltage for 0° shift. If the
meter is calibrated in degrees, the input voltages must always
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be sine waves and have the same preset amplitude for all
measurements.

A phasemeter operating on a different principle has been
described.4 The voltage of the unknown phase input is re-
solved into two basic components at right angles to each
other. One component is in phase with the reference voltage,
and a second component is at 90° to the reference voltage.
The instrument separates these components and, with a preci-
sion multiplying circuit and meter, indicates the phase angle.
Measurement is not affected by one-channel harmonic distor-
tion.

A number of direct-reading, phase-measuring circuits have
been developed. Instruments that determine phase angle at
audio and ultrasonic frequencies include an early and basic
design by Ginzton.5 The two input channels of the instrument
successively amplify and clip the peaks of the waves. Two
stages of amplification and three dual diode tubes are used
for each input. Pentode sum tubes terminate each channel
and share a common plate resistor. The voltage drop is meas-
ured by a voltmeter calibrated in degrees.

A method of simultaneously amplifying and clipping a sine
wave with a cathode-coupled, dual-triode clipper was sug-
gested by Goldmuntz and Kraus.8 This is a very worthwhile
circuit and is described in detail later in this article. A phase-
meter using this method of clipping was devised by Kretz-
mer.! Instead of using a sum tube at the termination of each
imput channel, the clipped wave is differentiated and con-
verted to a pulse that triggers an Eccles-Jordan multivibrator
circuit.? The output of the multivibrator is measured by a
calibrated meter.

In 1953, Holman8 suggested the use of a 6BN6 gated-
beam, dual-grid tube as a means of measuring the phase dif-
ference between two sine waves. The unique construction of
this tube results in rapid and sharp transition of plate current
with moderate fluctuations in grid voltage. In addition, maxi-
mum plate current is limited and very positive grid voltages
do not cause tube damage.

A phasemeter using three cathode-coupled clippers in each
channel was described by Y. P. Yu.? The 6BN6 is used as a
combining tube or coincidence slicer. The output of this tube
is measured by a calibrated meter. Several ranges of sensitiv-
ity are provided by switch selection.

A transistor version of a phasemeter was designed by
Woodbury.19 An amplifier and diode limiters are used in
each channel. The output of a multivibrator is measured with
a calibrated meter.

The above instruments using limiters or clippers in each
channel, followed by a combining circuit and a calibrated
meter, may have an ambiguity of the direction of the phase
shift in certain ranges. Partridge3 describes the application
of a capacitive delay circuit that may be inserted momentarily
in one of the input circuits by a push-button. Correct inter-
pretation of the results of the temporary delay will usually
clarify the ambiguities. A circuit of this type is used in the
author’s instrument.

A very complete review of various types of phase measur-
ing methods at low and very high frequencies is given by

Specifications of the Audio Phasemeter
Frequency Range: 20-50,000 cps, same frequency to each
channel

Phase Measurement Range: High +180°, or 0° to 360"
Low 0° to 18

Input Voltage: 0.5 to 60 v. r.m.s.

Input Waveform: sine, saw-tooth, triangular, or square
Accuracy: =3°, 20-20,000 cps; *+7°, 20 kc.-50 kc.
Input Impedance: about 1 megohm

Power Consumption: about 55 watts
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RILR33—2.2 megohm, V3 w. res.
R2.R34 330,000) ohm, Vy w. res.

R24,R55
R25.R56

20,000 ohm linear-taper pot
17,000 ohm, V3 w. res.

R3,RI4,R35.RI5.R7 150,000 ohm, linear-taper R26-R57—10,000 ohm, 'y w. res. ( matched pair)
pot R28-R59 22,000 ohm, 1 w. res. {matched pair)
RI,R23 .R36,R54 . R72——100.000 ohm, 'y w. res. R29.R60-—10,000 ohm, V; w. res. { matched pair)

RS5-R37—100,000 ohm, Yy w. res. {matched pair) R30-R61—470 ohm, V' w. res. { matched pair)

R6-R38-—220,000 ohm, Vy w, res. {matched pair)

R7-R39— 100,000 ohm, V3 w. res. ( matched pair)

R8,RI18 R40,R19-—-270 ohm, V w, res.

R9—15.000 ohm, V3 w. res.

R10-R41--330,000 ohm, V) w. res. { matched pair)

RI11-R42—100,000 ohm, V3 w. res. { matched pair)

RI2,R43—510,000 ohm, V3 w. res.

RI13.R44—1 megohm, Vi w. res.

R15,R27,R46,R58, R64,R65- 220000 ohm, Vy w,
res.

R16-R47—22,000 ohm, Yy w. res, { matched pair)

R17-R48—-22000 ohm, V3 w. res. (matched pair)

R19,R50—220 ohm, V3 w. res.

R20-R51—1 megohm. V2 w. res. { matched pair)

R2I-R52- 220000 ohm, Vi w. res. {matched pair)

R22.R53—1.5 megahm, Vy w. res.

R31-R62 - 150,000 ohm, Vs w. res. { matched pair)
R32.R63--33.000 ohm, V3 w. res.

R66—10.000 ohm, I w. res.

R67-—27 ohm, V3 w. res.

R68—500 ohm, 5 w. linear-taper pot

R69—470) ohm, V3 w. res.

R70—10,000 ohm linear-taper pot

R73—1000 ohm, 10 w. wirewound res.
R74-—-2000 ohm, 10 w. wirewound res.
R75—15.000 ohm, If) w. wirewound res.
R76,R77-— 150,000 ohm, 'y w, res.

C1.C12--.1 uf., 200 v, Mylar capacitor
C2,C8.C13,C16—.5 pf.. 200 v. Mylar capacitor
C3,C9.C14,C17—.1 pf.. 4000 v, Mylar capacitor
4220 pf. mica capacitor

C5—.002 uf., 400 v. paper capacitor

C6-— N2 pf., 40 v, paper capacitor

C7-C15-C21,C22,C23.C24—40140120 pf., 450 v.
elec. capacitor

C10,C18—20 pf. mica capacitor

C11,C19—39 pf. mica capacitor

C20) -8-50 pf. ceramic trimmer capacitor
{Centralab 8§822-AN or equiv.)

N1 N.p. 3-pos. rotary switch

82— S.p.s.t. push-button switch

N3.8F- S.p.d.a. slide switch

S3—N.p.s.t. line switch (on R68)

T1 Power trans. 300-0-300) v. « 45 ma.; 6.3 v.
m 2.7 a.(Triad R§5-A or equiv.)

DI1.D2—IN2071, 750 ma., 600 p.i.v. rectifier

FI ) amp fuse

MI1-—0-100 pa. meter + 26 (Weston Model 1941
or equiv.)

PLI-—NE-2 with 100k res. ( Dialco 249-7841-931
or equiv.)

VIV2 V4 V5—124X7 tube

V3Ve—124U74 tube

Vi 6BNb tube V8 V9—012 tube

Fig. 4. Schematic and parts list for the audio phasemeter. A dual-grid, sheet-beam tube is used as the combiner stage.

such authorities as Terman and Pettit2 and by Partridge.3
Phase-Shift Meter

The instrument operates on the principle of determining
the zero-uxis crossing points of the incoming waves. The ex-
act crossing points are maintained while the rest of the wave
above and below the zero axis is amplified and converted into
a square wave, The two series of square waves from each
input channel are combined in a dual-grid tube and the out-
put measured on a meter calibrated in degrees of phase shift,
A block diagram is shown in Fig, 2,

The operation of the instrument is
best described by considering in detail
the functions of the various sections.

The clipping of the unused positive
and negative peaks of the input wave is
advantageous in that the range of the
input voltage to the instrument is greatly
expanded. It may extend from voltages
just sufficient to cause clipping, to volt-
ages just below the grid current limit of
the circuit; a range of 0.3 to 60.0 volts
per channel in the present circuit. There
are several means of clipping peaks of
waves including limiting diodes, triode
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and pentode amplifier limiters, cathode followers, and cath-
ode-coupled clippers.!! The cathode-coupled clipper was se-
lected for use because the upper and lower clipping levels
are readily adjusted, the input impedance is high, some am-
plification of the signal occurs, and the usable voltage range
of the input signal is large. The elements of the circuit are
shown in Fig. 3A.

The positive bias potential of the two grids is controlled by
the values of R1, and voltage divider, R2 and R3. Cathode re-
sistor, Re is large. Capacitor C2, from the second grid to

Fig. 5. (Left) Squaring action of cathode-coupled clippers. (Top) Original input
sine wave, (middle) output of first clipper, and (bottom) final square-wave output
from second clipper. (Right, top) Plate voltage of combining tube, (middle) sine
wave input to channel A delayed 827, (bottom) sine wave to channel B, no delay.
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ground helps stabilize the d.c. voltage to this grid. A resistor
in the plate circuit of V1A is often used, hut is not essential to
the operation of the circuit. The action of the circuit is as fol-
lows. On the positive half cvele of the input voltage, the plate
current of V1A increases, raising the cathode potential of both
V1A and VIB. Since the potential of V1B grid is fixed, the
grid-to-cathode voltage decreases, reducing the plate current
of V1B and increasing the plate potential toward “B+”. The
output remains at the high level until the input to V1A re-
verses and permits plate current to flow in V1B, The output
then drops to a new voltage level determined by the bias on
each of the control grids.

The amplification of the two cathode-coupled clippers be-
fore limiting occurs is about 200, considerably less than the
possible amplification for these tubes in a conventional ampli-
fying circuit. The progressive clipping action of this circuit
is illustrated in Fig. 5 where the oscilloscope truce photo of
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the input sine wave and the outputs of the first and second
clippers are shown.

A cathode-coupled binary, or Schmitt trigger circuit, is
used as the third duo-triode in each input channel (V3 and
V6 of Fig. 4). This is a conventional circuit except for the ex-
tra resistors, R30 and R61, in the cathode circuits.1l These
resistors reduce the circuit hysteresis limits, i.e., the minimum
grid voltage swing required to trigger the binary. The circuit
used in this instrument will respond to input voltages of
abont *1 volt. The resistors in the plate circnit of the right
triodes, R29 and R60, are not essential to the operation of
the Schmitt, but do restrict the output voltage to desired
limits. The zero-axis crossing points of the Schmitt trigger
square wave will vary somewhat as the input voltage varies.
Since this effect cannot be tolerated in a phasemeter of this
design, the voltage input to the Schmitt is kept constant by
the use of the preceding cathode-coupled clipping circuits.
Otherwise the entire circuit of the phasemeter could have
been simplified. The output square wave in the A channel
is taken from either the left or right plates of the Schmitt as
determined by the position of the “Addition” switch, S3. The
slight rounding of the top and bottom of the square wave
from the left plate under some conditions of low input
voltage is of no consequence as the following 6BNG6 tube
operates on voltage differences as low as =2 volts.

Combining Circuit and Meter

The dual-grid, sheet-heam 6BNG6 tube used in the com-
bining circuit for the A- and B-channel outputs is unique in
that it varies from full-plate current to cut-off with a grid
voltage change of =2 volts. A parallel resistive-capacitance
coupling connects the clipped output of the A and B chan-
nels to the two control grids of the tube. In addition, bias is
applied from the high-voltage supply to each of the grids
through resistors R64 and RG3.

The plate of the tube is supplied from the +293-volt Bl
supply while the cathode is supplied from the 220-volt B2
supply. The voltage drop across the tube is consequently
about 75 volts, well within its working limits. The large
voltage difference between cathode and heater is reduced
by applving a fixed d.c. voltage to the heater by resistors
R76 and R77. ldeally, a separate filament supply winding,
at about 200-volts d.c., could have been used. The circuit
used for the GBN6 tube is adapted from the design published
by Y. P. Yul®

The waveform at the plate of the 6BNG tube is shown in
Fig. 5. The top right trace shows the abrupt voltage change
in this tube. The two sine-wave inputs to the instrument’s
A and B channels are shown displaced 82°.

The meter connected to the plate of the 6BN6 measures
a fixed proportion of the plate current; the balance of the
current is shunted by the plate resistor, R66. The circuit
constants are chosen so that the current indicated by the
meter is linearlv related to the phase displacement of the
incoming signals and, in addition, a phase shift of 180" rep-
resents full-scale deflection, or 100 ga. on the meter (18° on
the reduced scale). The weter is calibrated in degrees of
phase shift. Fixed and variable resistors are connected in
series with the meter to permit exact calibration.

A phase-direction circuit is incorporated in the instrument
and permits the application of a phase delay to the A chan-
nel. This circuit consists of R9 in series with switch-selected
capacitors C4, C5, and CG6. The delay circuit is momentarily
activated through push-button switch, S2. The use of the
circuit is described in the section on operation.

Construction

Despite a generous supply of components, especially re-
sistors, a relatively small, 6”x 84", chassis is used. The chas-
sis and cabinet, LM B W-1C, are purchased as a unit. As will
be noted in the photographs, (Continued on page 97)
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Fig. 1. Construction of ‘‘Raysistor’” and its charocteristics.
Actual control voltage depends on which ‘‘Raysistor’ is used.

O you want a device which will let vou control an a.c.
D signal with a d.c. voltage? Or that will let you control

a high-voltage supply by adjusting a rheostat in series
with a l-volt supply? The new Raytheon “Raysistor” is de-
signed to fit these applications and many more.

The device is made up of a lamp and a special photocell
in a light-tight enclosure (Fig. 1). When light falls on the
photocell, its resistance changes. By varying the power into
the lamp, the photocell resistance is made to vary. There
is no electrical connection between the two components and
they are coupled only by the light beam. As the voltage ap-
plied to the lamp is changed, photocell resistance changes
as shown.

In order to cover a wide range of applications, Raytheon
manufactures various types of “Ravsistors.” These differ
mainly in the type of lamp used to illuminate the photocell.
Units incorporating jonized-gas lamps have a fast response
time but a rather limited resistance range, so these are in-
tended for switching applications. Units incorporating fila-
mentary lamps have a slower response due to the thermal lag
of the hot filament but these cover a wide resistance range and
are intended for variable resistance types of applications.

Most of the devices have similar tvpes of cases, using either
a 2”7 x %” Monel metal tube with flexible leads or an epoxy
resin case with stiff leads intended for printed-circuit use. One

November, 1963

Description of Raytheon “Raysistor,”
a photocell with self-contained
light source, along with an
application in an automatic gain
control circuit for SSB receivers.

By DONALD E. WHATELEY

Applications Engineer, Industrial Components Div.
Raytheon Company

In this dual prototype unit, light from
glow lamp {at the left) is reflected
by the prism onto the photocell,
mounted at the right.

of the “Raysistors” using a filamentary lamp is built inside a
TO-5 transistor case for use where weight and space are
limited. Other special larger cases (up to 3” x 1) are used
for units designed for controlling very high voltage circuits
where isolation between the lamp and the photocell of up to
25,000 volts is required.

Although most applications of the light-operated switch are
industrial, one interesting nse of the device is in the amateur
or commercial communications field.

Automatic Gain Control Circuits

The “Raysistor” can be used as a remote volume control or
to provide a simple means of applying a.g.c. to single-side-
band suppressed-carrier amateur or communications receiv-
ers. When operating an SSB receiver in an amateur radio
station, veryv often a discussion is carried on among a
number of different stations of differing signal strengths. Lis-
tening then entails the rapid adjustment of the a.f. volume
control in order to keep the audio output constant. Under
these circnmstances an a.g.c. (Continued on page 72)
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/ By EDWARD S. MILLER, R. GRODINSKY, and C. WESTRA

| Sherwood Electronic Laboratories, Inc,

TRANSISTORS vs
TUBES for HI-FI

Here is Sherwood’s design philosophy on the use of
transistors versus tubes in hi-fi power amplifiers.

Editor's Note: Qur September and October issues contained an
important two-part article " Transistors for Hi-Fi: Panacea or Pan-
demoninm?”, which represented the views of H. H. Scon engineers
on the use of wransistors for hi-fi power amplifiers. We felr that
many of the points made were important enough and controversial
enough to warrant further discussion and conmments. Therefore,
we sent capies of the article 1o a number of authorities in the
hi-fi field soliciting their comments—whether in agreement or
opposed. Our first response is given below. In further issues we
hope to publish comments from Robert E. Furst of Harman-
Kardon, Fred L. Mergner of Fisher Radio. Morley D. Kahn of
Acoustech, Dave Hafler of Dynaco. and others,

HE transistor design engineers at Sherwood Electronic

Laboratories did not find many points in the article

with which they disagreed, Many of the design philos-
ophies discussed correlate with our own findings as evidenced
by the design techniques involved in our solid-state inte-
grated amplifier. Our comments, therefore, are primarily an
extension of the discussion and relate especially to higher
powered equipment suitable for operation in more difficult
environments. First, let us discuss some of our findings rela-
tive to the so-called “transistor sound,” and then we will
cover the types of transistors to be nsed and outline some
of the design techniques involved.

Transistor-Amplifier Sound

Some of the possible reasons for the superiority of a tran-
sistor amplifier’s sound over that of a comparable vacuum-
tube amplifier have been analyzed. In addition to the eftects
mentioned by Mr. von Recklinghausen and his co-authors,
two special differences were noted. The first of these is that
the typical tube amplifier will not only cause a sine wave to
have its crest clipped when the overload point is reached,
but also the waveform will be collapsed or kinked in the
middle at the zero-axis crossing. (This is similar to severe
crossover distortion in an improperly biased transistor am-
plifier.) See Fig. 1.

It was discovered, through listening tests, that the kink-
ing-type distortion was several times more noticeable to the
hunman ear than was a comparable amount of peak-clipping
distortion. Almost all common tube amplifiers exhibit a large
amount of the kinking distortion when overloaded becanse
the grid cirenit of the output tubes contains a resistive ele-
ment that may develop a distorting bias due to grid-current
flow. A good transistor amplifier design, on the other hand,
can supply the low-impedance base drive requirements
without disturbing the bias even under high overload con-
ditions.

A transistor amplifier was found to sound like its tube
counterpart with up to 73% greater power output rating when
operated in overloaded conditions. It was also observed that
listeners seldom were aware that slight overloading, causing
clipping and some Kinking of the waveforms, was taking place
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in their tube amplifiers although an oscilloscope proved that
this condition existed. The tyvpical listener’s analysis wus
that the tube amplifier “just did not sound as clear as the
transistor amplifier”; however, he did not believe that either
amplifier was being operated bevond its rated capability as
the oscilloscope proved the case to be.

In addition, we believe Mr. von Recklinghausen’s quick
survey of typical speaker svstems to be somewhat conserva-
tive, because we have discovered several speaker-system de-
signs with impedances as low as 407 of rated speaker imped-
ance in the tweeter range. (We have scheduled for an early
issue an article dealing with loudspeaker matching problems
and hi-fi transistor amnplifiers.—Editors)

Tvpical integrated tube wmplifiers unfortimately have in-
creasing attenuation at the very high frequencies, produced
by a shunt capacitor to ground in a driver stage. This has
been done purposely by the designer for stability and to pre-
vent waveform overshoot and oscillation with reactive loads.
However, the use of this capacitor results in reduction of
feedback voltage causing loss of regulation and a poor damp-
ing factor. This aggravates the coudition pointed out in Fig.
6 (Part 1, September issue). This figure showed quite a dif-
ference in speaker response when the speaker was used with
an amplifier with very low damping factor as compared to
one with a very high damping factor. Good transistor ampli-
fier design, because it is free from output-transformer phase
shift, generally requires less shunt capacitance to ground
within the feedback loop for stability so that the damping
factor can be maintained almost constant to 15 ke, and be-
yvon.

The resultant high-frequency square-wave response is gen-
erally much smoother and freer of overshoot as compared to
the response of its tube amplifier counterpart. See Fig. 2.
This is due to the elimination of the ontput transformer with
its complex phase shifts caused by its leakage reactance and
interwinding resonances. Our listening tests indicated that
even small amounts of overshoot peaks and ringing could be
detected when compared to the smooth waveform of the
transistorized amplifier.

Finally, it was observed that with waveforms that do not
have half-wave symmetry, the transistor low-frequency re-

Fig. 1. Response of overloaded amplifiers with sine-wave inputs.

CLIPPING
DISTORTION

{A) TRANSISTOR AMP.

KINKING
ISTORTION
(B} TUBE AMPF.
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spouse was more faithful to the proper waveform than with
comparable tube designs, as shown in Fig. 3. A waveform
without half-wave symmetry is a saw-tooth. This waveform
is not commonly used in amplifier evaluation tests. (Sine-
wave distortion, intermodulation distortion, and square-wave
checking are all done with symmetrical waveforms contain-
ing only odd-order hurmouics.) The saw-tooth with its even-
as well as odd-order harmonic structure is quite similar to
the waveform of many sounds in nature. This can be ob-
served with human speech as well as wind instruments,

Types of Transistors

We believe inadequate emphasis was placed on the supe-
riority of silicon over germanium transistors for low- and
medium-level audio applications. One of the early bugaboos
of transistors was the fuailure and deterioration of circuit per-
formance due to base-current variations cansed by rising am-
bient temperatnres. This problem was severe with germanium
types thus requiring varions stabilizing techniques in the
design. Silicon types are gratifvingly free from this difficulty
in the temperature range anticipated with high-fidelity com-

(B) TUBE AMP,

Fig. 2. Square-wave response at fairly high (5-kc.) frequency.

ponent equipment. We find that some silicon types are pres-
ently being manufactured which can offer noise figures, fre-
quency response, and distortion levels which are entirely
adequate for high-performance audio amplifiers,

Unfortumately, this is not true for the power stages which
still require germaninm diffused-alloy transistors, Although
the technigque of using finned, extruded, and black-anodized
heat sinks (with the fins vertically oriented) might barely
sullice for 30-watts-per-channel amplifiers, this does not allow
a great enongh safety margin for a 30-watts-per-channel am-
plificr. This is especially true if the amplifier is subjected
to extreme environmental couditions that might destroy the
germaninm output device junctions in a short time.

These environmental situations include:

(1) Enclosed-area custom installations with confined air-
circulation possibilities.

(2) Installation in the same custom-built enclosire with
a vacuum-tube tuner,

(3) Vertical mounting of the chassis (with the control
knobs up) in a enstom installation which destroys the “chim-
ney-effect” air flow needed to cool the output transistor
heat-sink fins.

(4) Unusual operation calling for continuous duty at or
near full output, as would be the case with a continuous-tone
test recording,

(5) Operation into a shorted or near-shorted output load
such as might occur during the original installation. Here,
the installer might not be aware of this short circuit until
he has turned up the volume control to see why the amplifier
is’'t performing properly; in which case, several amperes
would be delivered by the output transistors. Furthermore,
the designer’s precautionary measures of specifying large
separating barriers on the amplifier output terminal board
cannot prevent a short circuit at the speaker terminals.

(6) Finally, the environmental temperature can rise to
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over 100 degrees F in some comamimities during the summer
months, while poor placement of the equipment can subject
it to the heat of radiators during the winter.

Because any or all of the above conditions could quickly
(sometimes in less than 20 seconds) exceed the safety factor
allowed for germanium output transistors, we have decided
that a compact, dual 50-wuatt integrated amplifier should be
constructed with forced-air ventilation, constantly passing
over the finned alumintum heat sink. In addition, should the
forced-air fun motor be stopped for any reason or prove to
be cooling inadequately, a thermostat located on one of the
output transistors will immediately remove the power-supply
voltage from the power-output stages.

Should a momentary short be applied to the output for a
period of 1 msec. or more, the amplifier has a special feed-
back circuit (patent pending) utilizing a non-linear current-
sensing element which will immediately remove the audio-
drive voltage. This non-linear current-sensing circuit can be
bypassed by a short circuit from an output terminal to
chassis, but, in this case, a small 3AG fuse would open here
and protect the ontput transistors against damage. (Our ex-
perience with using fuses as fool-proof devices to protect
the output transistors is that even the new fast-acting types
do not open rapidly enough to protect the transistors.)

The circuit designer must also consider the possibility of
the output being shorted during installation before the am-
plifier is tirned on. When the voltage is applied initially
in this shorted condition, a well-regulated “B” supply could
deliver up to several hundred watts of power through the
output transistors to charge up the grounded (by the short)
output coupling capacitor. This would be sufficient to destroy
most output transistor junctions immediately.

One technique that would safeguard against this occur-
rance would be to provide a relay to delay application of full

(&) TRANSISTOR AMP.

(B) TUBE AMP.

Fig. 3. Saw-tooth wave response obtained at frequency of 30 cps.

B7-supply voltage until the operating coil sensed that the sup-
ply voltage could rise further without problems. Another
technique would be to use a double “B”-supply voltage ar-
rangement (one negative supply and one positive supply).
With this circuit the output transistors are matched so that
their junction point, from which the output is taken, will be
at zero volts, thus eliminating the output coupling capucitor,
We have preferred not to use this circuit because of the pos-
sibility of a d.c. voltage being developed here that would
affect speaker performance.

With all these protective features, a compact, integrated
high-performance transistor amplifier has been built which
can be operated with both channels delivering 55 watts
rm.s. at any audio frequency. This performance can be ob-
tuined even when the unit is confined in a typical custom
installation without fear of losing the output transistors (at
$12 cach to the consumer) even when both channels are
short-cirenited.

In order to achieve this type of continuous operation, it
is necessary for the power-supply regulation to be optimized
and the series-load path losses to be minimized. Some of
the possible series losses that can be encountered are in the
output coupling electrolytics which must have unusually low
series losses. (We specify less than (.25 ohm.) Serics re-
sistive elements in the “B"-supply necessary for filtering are
kept to below 3 ohms. A
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CHOOSING A
TWO-WAY RADIO SYNTEM

By HOWARD H. RICE / Technical Information Center. Motorola Inc.

PART 1. Before choosing a two-way business radio
system, some of the problems associated with frequency,
range, and type of equipment should be understood.

Transistorized hand-held unit delivers 1.4 watts of r.f.

OW far can I talk? This saume question, in one form

H or another, is among the first asked by most busi-

nessmen when they are considering a two-way radio

system. Certainly one of the major considerations in two-
way radio system design is range.

Considering a simple system with an omnidirectional base-
station antenna, coverage area will be simply the area of a
circle with the base-station antenna at the center. If we can
squeeze an extra mile out of such a hypothetical system,
the coverage area will increase dramatically. For example,
if the original range of the system were 10 iiles, that extra
mile in range would increase the coverage by 63.9 square
miles, with this added coverage at the extremities of the
system. Suppose, because of inefficiencies such as equipment
operating at less than peak performance, impulse noise, and
other factors, the runge of our hypothetical system is only
90% of its maximum value, then the loss in range is 10% and
the coverage area lost is 19%.

The most startling figure is derived when we consider an
even distribution of clients throughout that circular area.
With a 10% reduction in range, the two-way radio user can-
not service almost 1 out of every 5 customers becanse of the
limitation placed on his communications abilitv. His gross
income is only $4.05 instead of the $5 he deserves.

These figures, of course, depend on many ideal situations,
none of which really occurs: a perfectly circular radiation
pattern, a perfect distribution of clients throughout the area.
each customer spending the same amount of money, and
many other factors which can exist only in mental exercises
such as this. The figures do point out, however, the impor-
tance of range to the two-way radio user.

Before diving headlong into range considerations, the
prospective two-way radio user should first determine under
what section of the FCC Rules and Regulations his proposed
svstem will be licensed. Most business radio systems will
probably be eligible under Part 11 of the FCC Rules, The
Industrial Radio Service. Other applicable sections of the
FCC Rules which regulate most of the remaining commercial
two-way systems are: Part 10, The Public Safety Radio Serv-
ice; Part 16, The Land Transportation Radio Service; Part 19,
The Citizens Radio Service; and Part 21, The Domestic
Public Radio Service.

The first step in the actual design of a two-way radio
system is the selection of the frequency band on which the
svstem will be operated. The frequency band can not only
influence the ultimate range of the system, it can also be
an important factor by which over-all system performance

50

—and, therefore, satisfactory communications—is measured.

Although some users are more restricted as to the band
in which they can be licensed, most users have three
separate portions of the spectrum available.

The band which is commonly referred to as the low
band includes those frequencies between 23 and 50 mc.;
the high band covers 150 to 174 mc.; and the wh.f. (or 450)
band is made np of channels between 450 and 470 mc.
Since frequency choice determines many of the operational
benefits the user can derive from his svstem, we would do
well to examine each of the different bands in some detail.

Low Band

Because of the longer wavelengths of frequencies in the
low band, signals tend to follow the curvature of the earth.
Consequently, communications range, per transmitter watt
output, is the highest at these frequencies. On the detrimental
side is the fact that gain antennas are generally not practical
because of the longer wavelengths involved. Noise, particu-
larly ignition and other types of impulse noise, can be espe-
cially troublesome, although several manufacturers have
recently made remarkable strides in overcoming impulse
noise with electronic noise suppressors which operate within
the receiver itself. Skip interference, during periods of ex-
treme sunspot activity, has also been a problem to low-band
users; cases are on record of skip signals having been re-
ceived at distances greater than 1000 miles from a relatively
low-powered two-way radio transmitter.

High Band

The antenna-to-antenna range of systems operating in
the 150-174 mec. region is somewhat less than that obtained
in the 23-30 mc. band. However, gain antennas are much
more practical at these frequencies and a high-gain antenna
can be used quite effectively to increase the “talking range”
of high-band equipment. Radio signals at 150 mc. are more
subject to obstruction by hills or mountains than are signals
at 25 mc. On the other hand, high-band signals tend to
bounce about large buildings in metropolitan areas and, as
a result, this frequency band is more suitable for metropoli-
tan systems than is the 25-50 mc. band. There is less impulse
noise present in this portion of the spectrum and skip inter-
ference at these frequencies is rare.

U.H.F. Band

Until recently, the variety of two-way radio equipment
available for operation in the 450 to 470 mc. band has been
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quite limited. However, such compensating factors as ex-
ceptionally high-gain u.h.f. antennas and a greatly improved
selection of reliable radios combine to produce operational
benefits equivalent to those afforded by the 130 to 174 me.
high-band allocation.

One of the chief reasons for the recent interest in the u.lv.f.
band is that the lower frequency channels are overerowded
to the point of saturation in many sections of the country.
Furthermore, wh.f. frequencies have a high reflective ability
and these signals fill in metropolitan areas where lower fre-
quency communications would be virtually impossible. Such
wlif. signals also rebound inside tunnels and underpasses
and often allow readable messages to be received by a mo-
bile unit while the vehicle is passing through a tunnel. Noise
and skip interference are virtually non-existent at 450 wme.

Another interesting phenomenon which occurs at 450 me.
is the near absence of a fringe area—an area at the ex-
tremities of the system in which communications is ques-
tionable but not impossible. At uw.h.f. frequencies, the signal
will usually be strong enough to override noise and other
interference all the way out to the limit of usable range,
hecause of the low level of interference at wh.f. frequencies.
Bevond the limit of range, however, incoming signal strength
will drop off guite rapidly. For this reason, the user should
not depend on even questionable communications bevond
his normal operating range, and the svstem design should be
a bit more conservative than is necessary at the low- and
high-band frequencies.

Once the proper frequency band has been selected, the
problem still remains of obtaining maximum range within
that band, or at least as much range as is economically possi-
ble. The range of a communications svstem is theoretically
limited to line-of-sight. This, of course, is not true of the
lower frequencies, but it does form a good rule-of-thumb
from which to begin. We can define line-of-sight, in this ap-
plication, as the distance from the antenma to the horizon.
Thus, the range of the system is a function of the effective
height of the base-station antenna.

It may surprise some readers to learn that base-station an-
tenna height is actually more important in range considera-
tions than is the rated power of the base-station transmitter.
For example, doubling the height of the hase-station antenna
adds about 6-db gain to the entire system: doubling the trans-
mitter power adds only 3 db. Antenna height is also effective
both for talk-out (base-to-mobile) range and for talk-back
(mobile-to-buse) range, while base-station power is effec-
tive only in the one direction. Antenna towers ure quite
economical when compared to the cost of a higher powered
transmitter and existing buildings can even be used to
achieve part of the necessary height. For an antenna mounted
at a fixed height above ground, the cffective height increases
as a fimetion of earth conductivity at the antenna location as
shown in Fig, 1.

The subject of two-way radio antennas has been dealt
with in a previous article “Antennas for Business Radio,”
ErecTroNics WonrLn, March, 1963, and the reader is referred
to this article for a more comprehensive discussion of the
subject. It should be sufficient, here, merely to say that
gain antennas are another important consideration in obtain-
ing maximum over-all system range. Directional antennas, on
the other hand, provide added gain over non-circular areas
in those systems which require the most efficient communica-
tions through only a restricted portion of territory. Once the
base-station antenna and antenna tower have been chosen for
optimum range, the next major consideration—r.f. power out-
put—is then ready to come into play. All the considerations
which precede the selection of the r.f. power rating allow a
more efficient use of each watt radiated and once the previ-
ous steps have been taken to optimum advantage, the buse-
station power can be used to bring the range up to final
expected values.
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Fig. 1. Minimum effective antenna height, vertical polarization.

2 5

Typical self-contained mobile radio for vehicular mounting.

There is very little which need be said at this time on
the subject of power, as Table 1 should tell the storv quite
adequately. The fnformation shown in this table is valid
for smooth earth using a dipole base-station antenna and a
quarter-wave mobile-whip antenna. Notice that the entire
svstem is referenced to the height of the base-station an-
tenna, even though the power figures can be used for the
r.f. output of both the base-station transmitter and the mo-
bile (or portable) transmitter. Therefore, the table gives
mobile-to-buse as well as base-to-mobile runges. Remember,
however, that the range figures are strictly average values
and are published for reference only; they should not be
used as the sole basis for absolute range predictions. This
caution cannot be emphuasized too strongly. Final range values
should be judged by a competent two-way radio specialist
only after a study of specific system requirements.

A great deal of useful and interesting information can
be derived from this table by interpolation and by consider-
ing additional factors. As an example, valies are based on
a unity-gain base-station dipole antenna. However, gain
antennas in the 150-174 mc. and 450 to 470 mc. regions will
increase the over-all range of the system. Each db of gain
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Portable two-way radio is outgrowth of wartime walkie-talkie.

. . 25-50 me. | 150-174 mec.  450-470 mc.
. , ,
Heightﬁ) 50’ 100" 150" 300’ 50° 100’ 150’ 300° 50° 100° 150° 300’
R.F. Power

Output l |

~ 10 Watts 15 19 22 30 |11 14 16 21| 8 10 12 16
30 Watts | 18 24 28 37 13 17 20 26 10 13 15 19
60 Watts | 21 27 32 43 |15 19 23 30 |11 14 17 22
100 Watts | 23 31 36 48 |16 21 25 33 (12 16 19 24
250 Watts | 27 37 43 58 |19 26 29 37 [14 18 22 27

Table 1. Nominal mobile coverage is valid for smooth earth using
dipole base-station antenna and quarter-wave mobile whip.
Ranges are given in miles. Each db gain adds about 5% while
each db loss subtracts about 5% from the basic range. Doubling
the antenna height adds 6 db. Doubling power adds 3 db.
5 times power adds 7 db while 10 times power adds 10 db.

represents approximatelv 3% increase in range. An 8-db gain
antenna would improve range by about 40%, so an addi-
tional 10 miles is guite possible if the table shows a basic
range of 25 miles and an 8-db gain antenna were used. By
the saime token each db of loss—such as along the transmis-
sion line—will subtract about 5% from the value cited in the
table. This must also be considered.

Additional interpolation data is shown on the table. Each
tinie the antenna height is doubled, an additional 6 db (or
307 range lactor) can be added to the svstem. Twice the
power adds 3 db. 5 times the power adds 7 db, and 10 times
the power adds 10 db.

The only other point to be made concerning power is that
the base-station r.f. power should generally be greater than
that for the mobile units. If a mobile unit has trouble raising
the base station, the vehicle can alwayvs be moved to a more
favorable position. The base station, on the other hand, is
stationary and can’t move. Therefore, it is advisable for the
base station to have somewhat greater range than the mo-
biles. Each additional watt of mobile r.f. power must be
weighed against greater drain on the vehicular electrical
svstem and the possible necessity of heavy-duty generators
or alternators.

Thus far, nothing has been said of mobile-to-mobile
range. Most two-way radio svstems are designed primarily
around commununications between the base-station dispatcher
and the various mobile wnits in the system. Generally speak-
ing, communications between mobile units is of secondary
importance. Should distance be too great between two mo-
bile units, the message can be relayed by the base-station
dispatcher. In those systems where wide-area, direct mobile-
to-mobile communications is necessary, one expedient is the
use of mobile relay operation. The tvpe of svstem depends
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npon a repeater station. and will be discussed in detail in
the second portion of this article which will deal with the
various tyvpes of communications svstems.

Portable Equipment

Portable and pocket radio equipment can be used to in-
crease the flexibility of the communications network by pro-
viding the man-on-foot direct radio contact with the base
station and the mobile units. Although primary power input
is a major consideration in portable equipment—large and
heavy power packs tend to reduce portabilitv—these “pint-
sized” radio sets deliver performance rivalling their mobile
counterparts. A G-watt, 23- to 30-me. portable transmitter
can often talk 6 or 7 miles across open terrain to a ground
level antenna, and a 10-mile range is not at all unusual for
a L-watt portable unit working into a 100-foot. base-station
gain antenna at 150 me, With receiver sensitivity of 0.3 micro-
volt or better, reliable two-way communication can he
achieved by such hand-carried radios.

Band Sharing

There is one other aspect of radio system design which,
although it does not affect range directly, does huve an
important bearing on system performance. In nany sections
of the country, the number of two-way radio users fuar ex-
ceeds the available frequencies on which systems may be
licensed. Consequently, it is not unusual to find several users
in the same general vicinity sharing a common frequency.
This practice can lead to quite a hit of annovance and con-
fusion since the mobile operator and the base-station dis-
patcher must listen to every on-frequency message. whether
that message originated within his own syvstem or within the
radio network of a co-channel user. Because of mmltiple
systems operating on a common Irequency, most manufac-
turers of two-way radio equipment have availuble tone-
coded squelch circuitry—as a fauctory-installed option—for base
station, mobile, and even some portable equipment.

The tone-coded squelch system depends upon o sub-
audible tone that acts us a trigger to unmute the receiver
audio section. The code tone, from a highly stable oscillator,
modulates the transmitter along with the voice message. At
the receiver, the tone passes through an exceptionally high-
“Q" bandpass filter. The tone is then rectified to form a d.c.
control voltage that is applied as bias to one of the audio
stages. This andio stage is normally biased to cut-oft. but
when the d.c. control voltage is present. the stage conducts
and allows any audio signal to pass on to the loudspeaker.
Therefore, only a signal containing the proper code tone
will unsquelch the receiver; a signal with no tone or with
an improper tone will ordinarily not reach the loudspeaker.

In accordance with FCC regulations, a means is also pro-
vided to disable the receiver tone-caded squelch circuitry so
that the entire channel can be monitored—to see if the
channel is clear of traffic=before a transmission is made.

We have mentioned only the most general of the consid-
erations affecting two-way radio range. Others, such as the
conductivity of the earth and the general terrain over which
communications will be attempted, certainly exert a marked
influence. The scope of these articles does not permit go-
ing into all consideratiors in detail; those that remain will
vary from one individual system to another and can best be
Landled by someone who is familiar with communications
problems in the immediate area.

A word of warning is in order to anvone who is acting
as a consultant on the design and installation of a two-way
or any other tvpe of radio syvstem. You are permitted by law
to supplv vour client with all the technical information re-
quired for an FCC application. However, under no circum-
stances are vou allowed to offer any legal advice about the
application; this can only be handled by an attorney licensed
to practice before the FCC. (Concluded next month)
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INSIDE A

DIGITAL VOLTMETER

By SAM MESSIN / Instrument Assembly Manager, Non-Linear Systems, Inc.

A complete analysis of a stepping-switch tvpe instrument,
its crcuit details, along with its operating principles.

URING the past decade, the digital voltmeter has be-
come a familiar device, finding numerous applications
in the electronic field, in production-line testing,

missile check-out systems, and many other arcas of indnstry.

The fundamental purpose of the digital voltmeter is to
make a highly accurate measurement quickly with practically
no chance of error. This is possible because the measurement
is displayed in easy-to-sce numbers complete with correct
polarity sign and properly placed deeimal, The displayed
reading can also be automatically recorded, again reducing
any chance of error,

Depending on requirements, digital voltmeters are avail-
able that can take a reading in a second or two, up to speeds
as high as several hundred readings per second. Digital volt-
meter accenracies of 01% of the readings are typical, so that
a four-digit display will show a resolution of one part in ten
thousand.

Just as a regular moving-coil meter can be used as a volt-
meter or ohmmeter, the digital voltmeter can be built as an
ohmmeter by proper circuit modifications. The digital ohm-
meter has all of the above-mentioned advantages of the digi-
tal voltmeter.

Because the digital voltmeter is a unique type of electronic
instrument rather wnlike most other clectronie devices, we
will describe a digital voltmeter beginning with basic ideas,
building up to the more sophisticated circuitey that is em-
ployed in an actual working instrument,

The Potentiometer Principle

Fig. 1A illustrates a simple potentiometer cirenit. the
basis for most digital voltmeters. As shown in the figure,
an unknown voltage can be determined
by simply adjusting the voltage divider
until the reference voltage is equal to the
unknown voltage. In this figure, the gal-
vanometer indicates zero cwrrent flow
when electrical balance exists. The volt-
meter then indicates the voltage at bal-
ance. Note that when a zero condition
exists, there is no load on the voltage
being measured.

I order to produce a digital voltmeter
which is capable of indicating voltages at
a millivolt or sub-millivolt level, some
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means of amplification must be used. A conventional prac-
tice is to sample the unknown voltage with an electro-mechan-
ical chopper so as to produce an a.c. signal which may be
readily amplified. Such a cirenit is shown in Fig. 1B.

Basically, a chopper is a single-pole double-throw switch
which, in this application, is actuated by an electro-mag-
netie coil assembly connected to a 60-cps sonrce. As shown
in Fig. 1B, the chopper arm swings between the unknown
input voltage and the reference voltage, generating a voltage
waveform at the chopper arm. This waveform is a 60-cps
square wave whose peak-to-peak amplitude is the difference
between the unknown voltage and the reference voltage. -
series of waveforms is shown in Fig. 2. This figure illustrates
the chopper output under various conditions of input voltage
and reference voltage.

Fig. 3 illustrates an elementary digital voltmeter using a
chopper and an amplifier. The reference voltage is applied
to a voltage divider which has been assembled around a 10-
position rotary stepping switch. The switch arm is “stepped”
around these 10 positions by pulsing the stepping-switch
coil with the amplifier output. An additional arm is ganged
to the divider arm so that both may be driven by the same
stepping mechanism. This second arm has its own set of con-
tacts which are used to select and illuminate the correct
readout lamps under the appropriate readout numerals. Each
numeral, 0 through 9, corresponds to the voltage present at
the switch arm of the voltage divider.

To observe the operation of the elementary digital volt-
meter shown in Fig. 3, assume that any voltage in one-volt
steps, from 0 to 9 volts, is applied as the unknown input.
Also assume that oue volt or more is sufficient to drive the

Typical four-digit .01-percent-accuracy digital voltmeter.
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Fig. 1. (A) Potentiometer circuit. {B) Use of a chopper.
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Fig. 2. Chopper output for two cases of positive input volt-
age and two cases of negative input voltage. Square-wave pol-
arity depends on whether input is greater or less than reference.

Inside view of the voltmeter discussed. One of the four
stepping-switch panels has been unplugged in this photo.

amplifier which, in turn, drives the stepping switch. \When
these conditions occur, the following facts become evident:

i. With any input from 0 to 9 volts, only one particular
position on the reference voltage divider will match the input
vorlage.

2.\l other positions will produce a voltage output of
one volt or more at the chopper arm. This is sufficient to
drive the amplifier and the stepping switch,

3. The stepping switch will receive one pulse for each full
swing of the chopper arm as long as a difference exists be-
tween the unknown input voltage and the reference voltage.

4. When the reference voltage-divider output equals the
unknown input voltage, no output is developed at the chopper
arm, and the amplifier ceases to operate the stepping switch.

5. The second section of the stepping switch connects to
a specific readout lamp when balance is reached. An appro-
priate numeral is illuminated, which corresponds to the ref-
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crence voltage divider tap and therefore corresponds to the
amount of unknown voltage applied.

A Practical DVM

Although the simplified circuit of Fig. 3 illustrates the
principle upon which a digital voltmeter works, consider-
ably more sophisticated circuitry is required to produce a
practical instrument. The following discussion, based on the
specific cirenit used in the NLS Model V644, illustrates some
of the details. This instrument does not have automatic
range switching or automatic polarity indicating features.
Instead, it uses front-panel controls to establish range and
polarity.

First of all, the elementary circuit shown in Fig. 3 can-
not measure an input voltage of reverse polarity unless the
reference voltage is also reversed. Second, like all volt-
meters, the digital voltmeter requires a range multiplier to
extend its useful range. Third, the chopper must be protected
against the inadvertent application of excess voltage.

Fig. 4 shows the circuit changes made to meet these re-
quirements. A polarity-reversing switch has been added to
reverse the reference voltage; an input voltage divider and
range switch have been added to extend the voltage ranges
by ten times and a hundred times; also, a neon lamp and
limiting resistor have been added to protect the chopper
against accidental high-voltage inputs.

Any practical digital voltmeter must contain an extremely
stable voltage source for reference purposes if the instru-
ment is to be consistently accurate over long periods of time.
Fig. 5 shows a typical reference supply used in digital volt-
meters.

To obtain the precise increments in voltage required of
a digital voltmeter, a modified Kelvin-Varley type voltage
divider is used. With this modified divider, the value of
cach decade resistor is the same, thus permitting each dec-
ade, along with its stepping switch, to be made into inter-
changeable plug-in units. Since all decades are interchange-
able, production, troubleshooting, and replacement are simple.

As shown in Fig. 6, each decade consists of eleven 5000-
ohm resistors, The decade output is selected by a pair of
switch arms across two adjacent resistors. The last decade
output is shunted by a 12,500-0hm resistor and a 50.000-ohm
terminating resistor. A quick calculation will show that the
10.000-ohm output shunted by the 12,500-0hm resistor and
the 350.000-ohm terminating resistor, equals 5000 ohms.
Thercfore, total decade resistance is 50.000 ohms, and 1/10th
the decade voltage appears across the output. Each dec-
ade is similarly divided and terminated by the next decade.

2v. o
STEPPING SWITCH

REFERENCE
By A Es VOLTAGE
o ov.
hd | |+
o | I[

U S Y

Fig. 3. Elementary digital
voltmeter. As the stepping
switch rotates indicating
lights illuminate numbers
corresponding to voltage.
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Fig. 4. Range and polarity switching plus chopper protection.

By tracing the output of the reference voltage supply into
the Kelvin-Varley divider, it will he seen that the voltuge
output of the most significant decade (on the left) anpears
across a pair of switch arms. These arms “bracket” a one-
volt region of the reference voltage. Once the desired voltage
has been bracketed, it is passed on to the Tollowing decade
which again brackets the voltage, hut this tin e to within
one-tenth of a volt. The third decade is now able to select
a desired voltage within one-hundredth of a volt. Finally,
in the fourth decade, a voltage can be selected in the milli-
volt region. In Fig. 6, the ten-volt reference has heen brack-
cted down to produce a voltage of 1321 volts.

It can be seen from the foreroing discussion that an am-
plifier is needed to balance ont voltage increments which are
on the order of one millivolt. Fig. 7 shows a typical ampli-
fier with two outputs, one in phase and the other of oppo-
site phase to the input. As also shown in this figure, the
chopper arm swings hetween the input terminal and the Kel-
vin-Varley voltage-divider output, thus generating a square
waveform as previously described. Note that the square wave
may have either a positive- or negative-going polarity, de-
pending upon whether the input signal is of higher or lower
potential than the Kelvin-Varley divider output. The square
wave is applied to a cathode-coupled amplifier stage. The
second stage is also a cathode-coupled stage which has a var-
iable-resistance coupling between its two cathodes, provided
to adjust the digital voltmeter sensitivity. An over-all ampli-
fier gain adjustment is provided at the plate of the second
amplifier to compensate for variations in tube and ampli-
fier gain. Phase inversion is rvequired to develop a pair of
amplifier ontput signals which are directly related to the
polarity of the original square-wave output of the chopper.
This pair of signals is used by the instrument to determine
whether the Kelvin-Varley divider is to be driven “up” or
“down” in order to seek a balance.

Manually Operated DVM

Fig. 8 shows the instrmment at the present stage of this
discussion. We now have a practical instrument, one which
can be operated with manual controls so as to provide highly
accurate readings. By observing the amplifier output wave-
form with an oscilloscope, we can determine if the unknown
signal is higher or lower than the Kelvin-Varlev divider
output, and adjust the four decades of the divider so as to
produce a nulled output. If the output signal redices but
cannot be nulled out when the divider outpnt reaches zero,
then reference polarity must be reversed to baluice against
the input. On the other hand, if the amplifier output is re-
duced but not nulled ont when the Kelvin-Varlev divider is
at maximum, then the input signal is greater than the ref-
erence voltage, and the input divider must be bronght into
action with the range switch. The Kelvin-Varley divider is
then re-adijusted for a null.

The readout lamps are wired to ganged switch sections op-
crating with each Kelvin-Varley decade. Plus or minus polar-
ity is indicated by operating similar plus or minus readout
lamps also ganged with the polarity switch. The proper
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decimai points are indicated by means of the decimal readout
lamps that are ganged to the runge switch,

Automated DV M

In order to antomate this digital voltmeter, the amplifier
outputs must be processed to drive the stepping switches.
Since considerable power is required to drive stepping
switches, only a very few types of electron tubes are suit-
able as drivers. The type 2D21 miniature thyratron lends
itseif well to this purpose.

Fig. 9 illnstrates circuitry from the amplifier outputs to
the thnvratrons which drive the stepping switches. Note that
the thyratron tubes operate from an a.c. plate supply, thus
simolifying power-supph design and auntomatically  extin-
guishing the thyratrons after each conducting period. A series
of waveforms is shown in Fig. 10. These indicate the timing
relationships of the circuits from the phase-inverter outputs
to the final stepping switch output pulses.
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Fig. 9. Four thyraotrons are employed to drive stepping switch.

The stepping switch drive circuit consists of a pair of small
thyvratrons, V1 and V2, which are actuated by the phase-
inverter outputs, and which in turn trigger thyratrons V3 and
V4, the stepping-switch drivers.

These thyvratron circuits operate as follows: The square-
wave outputs of the phase-inverter stage are difterentiated,
producing positive pulses corresponding to the leading edges
of the positive-going square waves, and negative pulses cor-
responding to the trailing edges. This pulse polarity is in-
verted when the square wave is inverted as shown in Fig. 10,
These differentiated pulses are applied to a pair of 5696 thy-
ratrons, V1 and V2, which are normally biased to their cut-
off points by a resistive divider. The positive differentiated
pulse turns V1 on, while the negative pulse applied to V2
has no effect. With VI turned on, a large current flows
through R, the common cathode resistor. The voltage drop
across R charges C, connected across R, and also puts V2
further into the cut-off state. Once V1 is turned on, it re-
mains on until a.c, plate voltage returns to zero at the end
of the positive half-cvele. V1 and V2 would normally he ready
for another cycle of operation every 60th of a second except
for the delav resulting from the time constant of C and R.
These are proportioned to hold V2 or V1 in a cut-off condi-
tion for a full w.c. evele after either V1 or V2 has fired. This
is done to provide a frequency-halving action so that the
stepping switches operate at a 30-c¢ps rate.

When either V1 or V2 fires, the ionized interior of the
tube creates a low-impedance conducting path from the con-
trol grid to the plate. The resulting voltage pulse at the con-
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trol grid turns on the neon lamp which is coupled to the 2D21
output thyratron. The 2D21 switches on, passing a large cur-
rent sufficient to operate the stepping switch.

The Stepping Switches

Stepping switches operate mechanically in one direction.
\When the electromagnetic driving mechanism is energized,
an armature is pulled toward the coil against the force of a
helical spring. The action cocks the switch, but does not
advance the contacts. \When the electromagnet is de-ener-
gized, the helical spring returns the armature to its original
position. This return movement operates a ratchet so that the
rotary contacts will advance one step. In this way, switch-
ing occurs only after the driving current has ended; thus the
return spring rather than driving current advances the con-
tacts. \When the last switch position has been reached, the
next pulse advances the switch to the first position again.
and additional pulses cause the stepping switch to repeat
this cycle.

Both “up” and “down” pulses operate the stepping switches
in the same direction of rotation. The manner in which
these pulses are routed through the stepping switches de-
termines a sequence of operation which allows a balance to
be reached in a minimum number of steps. Both “up” and
“down” pulses are usually required to achieve a balance. and
several decks of switches are needed to route “up” and
“down” pulses.

To follow the operation of the stepping switches and the
pulse-switching circuits, assume that all switches are rest-
ing at zero as shown in Fig, With the switches in this
position, there is no output from the Kelvin-Varlev divider
and. if no input voltage is present. no “up” or “down” pulses
are generated and the instrument remains at zero, electri-
cally at balance.

To demonstrate the “up”-pulse action. assume - .009 volt
is applied to the digital voltmeter. The polarity switch
must be set to “Plus” and the range switch to the “10-Volt”
range. Application of this input voltage will cause the chop-
per to detect the unbalance, thereby ereating a square-wave
signal of proper polarity, which results in the “up” thyra-
tron pulsing the first stepping switch—producing the least
significant number in the right-hand window. This stepping
switch will proceed to step up to the tenth position (“0”
equals the first position) decreasing the unbalance at each
step until at the tenth position, the —.009 volt from the
Kelvin-Varlev divider will balance the input voltage ap-
plied to the instrument, caus- (Continued on page 84)

Fig. 10. Inverter and thyratron waveforms during stepping.
__INPUT GREATER THAN REFERENCE _INPUT LESS THAN REFERENCE

“UP" PMASE - "DOWN" PHASE- "UP'"' PHASE- “DOWN" PHASE-
INVERTER OU~PUT INVERTER OUTPUT INVERTER OUTPUT INVERTER OUTPUT

N "~ (L] L] REF REF  REF  REF. REF REF  REF  REF L] L] IN IN
REF REF MEF  AREF (L] w L] (L] L] " [ ] REF  REF  REF. REF.
“uP" DIFF. “OOWN'" DIFF “UP" DIFF “DOWN" DIFF.
OUTPUT ouTPUT ouTPUT ouTPUT

e

I
A.C. PLATE VOLTAGE ON ALL THYRATRONS AC PLATE VOLTAGE ON ALL THYRATRONS

VYUV VUL VWL [V

"UP" THYRATRON {""DOWN" THYRATRON
CURRENT I | CURRENT
CHARGE ACROSS RC (v| V2 THYRATRON CHARGE ACROSS RC (v, v2 THYRATRON
CATHODES) CATHOOES!

"UP" STEPPING
SWITCH DRIVE PULSE

N |

TME TIME TIME TimE

ELECTRONICS WORLD

“DOWN" STEPPING
SWITCH ORIVE PULSE



~ WAO'S minding your
- store-=[is season?

CHANNEL MASTER

..Irom Fall through Christmas!

We help you sell with “BIG NAME" TIE-INS that will
reach millions...and put millions of dollars worth of
publicity, promotion and advertising behind every
Channel Master product you feature.

GREATEST MOVIE TIE-IN PROMOTION OF THE YEAR!

Watch for Jerry Lewis, starring in “Who's Minding the Store,” 2 Jerry Lewis-York

| ter anten-
Picture Production, released by Paramount...and Chanfwn Master a‘ ‘
in the film. See your distributor for details on sensationa
e in your city or town. Posters,

pPE—

aios, and 1y Suté
promotion to let you tie in with film's releas
streamers, ads, lobby displays, contests, premiums, etc.

GOOD HOUSEKEEPING
ADVERTISING CAMPAIGN AND
4 SEPARATE NBC-TV NETWORK SHOWS GUARANTEE SEAL

___on 170 NBC Stations!...featuring 4 “Top TV Salesmen.”

Channel Master delivers nationwide TV saturation show (audio and visual
during your most active sales period of the year:

Q“\\m OR PERFORMANC[: Dltf[
00;

«

A\
-: Good Housekeeping '«

&
GUARANTEES 0\\%‘®
OR REFUND 10 ©

Hard-hitting ads for Channe! Master anten-
nas (indoor and outdoor), radios, receiving
tubes, and picture tubes...through October,
November, and December. Channel Master

closeups)

“,
4,
&, Meny

oo’

e A i jon,” “You Don't Say,” roducts now carry the Good Housekeeping
“ i m  wgoncentration,” “Your First Impression,” “You Don' P
peopfl:amliln;alk, featuring featuring {gatuua DY Seal.
DENNIS JAVES.  HUGH DOWNS. BILLLEYDEN.  TOM KENNEDY.
Color TV. Color TV. TURN THE PAGE AND SEE WHAT

Color TV. WE HAVE IN STORE FOR YOU..

€ 1963CMC




N R B (A ——

PICK YOUR MARKET! Nail It down

“CROSSFIRE"-MOST POWERFUL TV ANTENNA DESIGN IN THE FIELD!

1. GOLDEN CROSSFIRE 3600 Series

U.S. PAT. NO. 3,086,206 CONFIRMS AND PROTECTS EXCLUSIVE DUAL-
DIPOLE SYSTEM—THE SYSTEM THAT STILL GIVES HIGHER, CLEANER GAIN
(WITH LEAST BULK) THAN ANY COMPETITIVE ANTENNA! DOES IT AT LOWEST
COST. EVEN INCLUDES FM! COMPETITIVE FRINGE ANTENNAS DON'T.

_ High-performance balance can be obtained only by using the right com-
bination of both driven and parasitic elements. Only the Crossfire—with
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3. BRAND-NEW Nuvistorized “TV ONLY” TELE-VISTA Model 0026

YOUR MARKET: TELEVIEWERS IN AREAS WHERE BOTH TV AND FM STRONG
SIGNAL OVERLOADING FROM NEARBY STATIONS IS A PROBLEM. The only
“TV/only” Amplifier with the long-life “Duo Nuvistor” circuit...and a
built-in coupler! Strong local TV and FM signals won’t overload it.

4. BRAND-NEW Transistorized “TV ONLY” TELSTAR Mode! 0027
with Built-In FM Trap ... plus 4-set coupler.

YOUR MARKET: TELEVIEWERS [N AREAS WHERE FM STRONG-SIGNAL OVER-

LOADING FROM NEARBY STATIONS IS A PROBLEM. Twice the TV overload
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sibility of local FM interference.

5. TV/FM TELSTAR WITH 4-SET COUPLER Model 0023A
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POWERFUL BROAD-BAND AMPLIFICATION! Unbeatable Combination of High

its unique dual dipole system—has this power combination. The Crossfire
patent protects this system—and no other antenna, old or new, can use it.

2. GOLDEN SUPER-CROSSFIRE Model 3607
The World's Most Powerful Antenna
1. Up to 48% more TV gain than 28-element Crossfire.
2. On FM Stereo...gives more gain than a 5-element yagi.
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EXTRA-POWERFUL BOOSTERS THAT MEET EVERY NEED!

Gain and Low Noise figure ... plus built-in Lightning Resistance and other
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6. TELSTAR FMX (for FM exclusively) WITH 2-SET COUPLER
Model 0025

YOUR MARKET: THE EXPANDING NUMBER OF MONAURAL AND STEREQ FM

LISTENERS! Most powerfully stepped-up FM performance of all!

7. Improved! Higher Gain VUTRON Il FOR TV/FM Model 0024

YOUR MARKET: THOSE WHO WANT THE BEST IN AN IN-THE-HOME SIGNAL
AMPLIFIER AND COUPLER.

NOW FOR THE FIRST TIME . .. OUTSTANDING
ALL-IN-1 ROTATOR AND TV AMPLIFIER!

8. GEMINI Model 9527

YOUR MARKET: THOSE WHO NEED AND WANT EXTRA POWER...PLUS DIREC-
TIVITY. Fast, neat installation saves money 4 ways! World's Finest Auto-
matic Rotator (Tenn-a-liner)....plus Telstar TV booster. Built-in FM TRAP.
Simple to Service. 2-set coupler.
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Wilh CHANNEL MASTER

WORLD'S MOST POWERFUL NEW INDOOR ANTENNAS

These beautifully-designed antennas open a whole new market
..hecause they work where only outdoor antennas could work
before!

9. NEW! Revolutionary, Transistorized APOLLO Model 3721
{with Built-in Amplifier)
GETS CLEAR, GHOST-FREE, TV RECEPTION 15 TO 45 MILES OUT.

YOUR MARKET: SUBURBAN VIEWERS WHO WANT OUTDOOR ANTENNA
POWER FROM AN INDOOR ANTENNA. Exclusive “Miraclick”” Switch elec-
tronically adjusts to different signal strengths. Super-effective hidden
amplifier gives extra pull-in power where needed.

10. NEW! World’s First Transistorized FM/STEREQ
INDOOR ANTENNA with Built-in Amplifier. Model 3731
GETS POWERFUL FM RECEPTION 15 TO 60 MILES OUT!

YOUR MARKET: SUBURBAN LISTENERS WHO WANT TOP FM PERFORMANCE
WITH EASY ANTENNA ADJUSTABILITY AND ROTATOR-TYPE DIRECTIVITY.
Booster is peaked—dipoles tuned—for FM exclusively! Fidelity Switch.

11. Golden CANAVERAL Mode! 3720 (Non-Amplified)

YOUR MARKET: METROPOLITAN AREA VIEWERS WHO WANT TOP TV/FM
RECEPTION UP TO 15 MILES FROM STATION. Same features as Apolio.

12. NEW! FM/STEREQ INDOOR ANTENNA Model 3730
(Non-Amplified)

YOUR MARKET: METROPOLITAN AREA LISTENERS...WHO SEEK FM PER-

FORMANCE WITHOUT COMPROMISE! Same advance features as 3731.

13. Improved! SHOWMAN Model 3900 (Mahogany and Gold)
Model 3901 (Blond and Gold)

YOUR MARKET: CUSTOMERS WHO WANT SOMETHING DIFFERENT! Beautiful
..improved . .. priced to move! “Metro-Dyne” Variable Inductance Elec-
tronic Tuning. Like no other antenna.

14. NEW! AURORA Model 3718

YOUR MARKET: THOSE WHO WANT A LOW-PRICED LUXURY ANTENNA! Tops
for the money! Magnificently styled. ““Automagic’ Clarifier Switch.

FREE GIFTS! SEE YOUR CHANNEL MASTER DISTRIBUTOR FOR FULL DETAILS ON INDOOR ANTENNA PREMIUM DEAL.

NEW! BEAUTIFUL POWERFUL ”VU CON” UHF CONVERTERS

GIVE YOU THE EDGE IN EVERY RECEPTION AREA ...
NOW AND IN THE FUTURE!

15. Model 6700. YOUR MARKET: FRINGE-AREA LISTENERS WHO WANT THE
ULTIMATE IN RECEPTION. Capacitive tuning (no sliding contacts),
1 long-life Nuvistor, 1 oscillator tube. Prevents strong-signal over-
loading.

16. Model 6701. YOUR MARKET: FRINGE-AREA LISTENERS WHO WANT

TOP QUALITY AT A MODERATE PRICE! Inductive Tuning, 2 long-life
Nuvistors.
17. Translator Model 6703. Same as above but covers only channels 70-83.

18, Model 6702. YOUR MARKET: METROPOLITAN AND SUBURBAN AREA
LISTENERS WHO WANT TOP QUALITY AT A MODEST PRICE! Your most
profitable UHF conversion market. Inductive Tuning, 1 long-life
Nuvistor.

19. Transtator Model 6704. Same as above but covers only channels 70-83.

CHANNEL MASTELR CORP.. ELLINVILLE, NIw YOk
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Even as familiar a piece of test equipment as a v.o.m. has
undergone some radical changes and improvements recently.

A “NEW LOOK” IN V.O.M.'S

of coming-of-winter mekncholy apparently had seeped

indoors and was weighing down the spirits of Mac and
Barnev working silently at the service bench. They needed a
cheerful diversion, and it was not long coming.

“One side, woman'” they heard a high-pitched masculine
voice saving to Matilda in the front office. “I'm here to have
words with vour niggardly Scottish boss who obviously
doesn’t pay you enongh to keep you in decent lipstick and
high heels. T assume old MacGregor is back there in his lair
gvpping the gullible public as usual: so I'll go right in.”

The door opened to frame a rather plump, short man with
a bristling crew-cut and a pair of bright eyes sparkling mis-
chievously through his glasses.

““\Well bless my shoe laces!” Tom exclaimed brokenly, if it
isn’t Mr, Damon!” How are vou, Ron?” As Mac ended this
strange. disjointed speech, he grasped the hand of the stran-
ger and pumped it vigoronsly, “It's all right, Matilda,” he
reassured the girl standing in the doorway; “he’s harmless.
Barney, this is an old and good friend of mine, Ron Damon.”

“Lay off that Tom Swift jive, will you?” Ron said to Mac
while he was shaking hands with Barney. "You want to give
onr ages away, or something? Speaking of ages, boy, get up
off that stool and let vonr elder sit down.”

Dazedly Barney obeved.

“What good luck brings vou here, Ron?” Mae asked.

“Ou my way home from Chicago. 1 noticed yonr sleepy
little hamlet wasn't far out of the way; so, ‘Ron.” I said to my-
self, 'it’s vonr duty. Yon see so much, and poor old Mac sitting
down there in the electronic doldrims sees <o little. Go to
him. Take him the word. Open the window just a little and
let him ook out.””

While talking, Ron had been wnfastening a cardboard car-
ton he had with him; and now he lifted ont a gleaming v.o.m.

“Feast vour eves on this little jewel and cat your heart out,”
he continned.

“We've seen a v.o.m. before,” Barney sniffed,

“Ah rash, impetuous, ignorant vouth! You have not seen a
v.oan. like this before. Holl vour rude tongne and watch
while | set the meter to the ultra-sensitive 100-microampere
range and touch the probes to my tongne. See the pointer
being deflected by the very weak battery action of mouth
acids reacting with the prod tips?”

“It figures, with vonr acid tongne.” Mac offered.

Ron did not reply. Instead he took the prods from his
month and jabbed them into a 117-v. a.c. receptacle on the
rear of the bench. The meter pointer flickered, and there was
a clicking sound from the v.o.m. Mac and Barmey exchanged
horror-stricken looks,

“Now vou've done it!” Barney excliimed. “You must be
completely kooky. Anvone who would do that to a meter
would kick a dog or slap a baby.”

Ron still said nothing. He merely pushed in a little white
button above and to the right of the function switch and stuck
the prods back against his tongue. The pointer swung
casily up-scale as before. He switched to the < IK ohmmeter

IT WAS a dull and gloomy late fall day ontside, and a bit

60

range, zeroed the pointer with the test prods shorted, and
again thrust the prods into the w.c. receptacle. Once more
there was a clicking sound from the meter; but when the
white button was pushed in, the ohmmeter performed nor-
mally.

“This, my open-mouthed friends, is Triplett’s hrand-new
Model 630-PLK 20.000 ohms-per-volt v.o.m, in which all
ranges are protected against accidental damage to the meter
and associated components,” Ron lectured. “The 1 and 10
amp ranges are protected by fuses. The > TOOK ohms and the
1000- and 3000-volt a.c. and d.c. ranges are self-protecting
because the high resistance of these cirenits keeps current
below damaging levels.

“All other rances are protected by a resettable, latching-
type, transistor-operated relay which opens the input circuit
whenever an overload of two to four times is impressed on the
S0-microampere meter movement—an overload it can casily
tuke. Finally. a diode network across the meter movement
bypasses instantaneons transient voltages and prevents their
damaging the movement or bending the pointer,

“The special ent-out circuit is not polarity sensitive and
works equally well with w.c. or due. The relay itself is a special
job with minimum momentum and fast action designed to
open in a very few milliseconds. It and the 100K-ohms
range are both powered by a 30-volt battery which can be
expected to last for several vears. Satisfactory condition of
the battery for operating the relay is indicated by ability to
zero the pointer on the x 100K-ohms range.

“It’s casy to see this is the ideal meter for a careless, fiddle-
footed, wooly-witted technician, as your assistant here un-
donbtedly is; but even we old timers are likely, in the excite-
ment of closing in on an elusive trouble, to forget to chunge
the meter from "Ohms’ when we measure volts and end up
with a bent pointer or worse. On top ol that, this little pack-
age of carelessness-insurance will reveal the presence of me-
ter-wracking current surges easily overlooked. For instance,
the other day I wanted to see if a transistor radio was drawing
its rated 4 ma: so 1set the 630-PLK for 10 ma. and placed it
in series with one of the battery leads. The relay kicked out
when the set was turned on, indicating a current of at least
20 ma.; vet when | tried again on the 100 ma. range, and
then cume down to the 10 ma. range, the proper 4 ma. was
indicated. Charging of a 100-gf. capacitor directly across the
battery input was shooting a high-current pulse of such short
duration throngh the meter the pointer never had time to
show it; vet that pulse exerts great strain on the jeweled
Dearings and other parts of a conventional v.o.m. without
vour knowing it exists.”

“We'll not argne with that,” Mae broke in hastily as he saw
Barnev's nech turning redder and redder. “T suppose vou're
familiar with the Triplett 630-NS v.o.m. we've been using for
a couple of months.” e opened a cupboard and took out a
v.oam. that closely resembled, in appearance, the one Ron
had.

“No: can't say 1 am.” Ron admitted gradgingly.

“It has some features we like,” Mac said. “The meter move-
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1964 knight-kits

Over 100 great do-it-yourself kits: Hi-Fi,
Hobby, Citizens Band, Amateur, Inter-
com, Test Instrument—wonderful to
build—savings up to 50%.

Stereo Hi-Fi

Complete selection of components and
systems,; Knight® super-value hi-fi; latest
all-transistor equipment; all famous hi-fi
makes—the best for less.

Citizens Band Radio

Latest 2-way radio for everyone—no
exam required—complete selection of
top-value CB equipment, including new
Walkie-Talkies.

Tape Recording Values

Largest selection of complete recorders.
including latest Stereo types; tape decks,
accessories; top values in quality record-
ing tapes in all leading makes.

FM-AM & AM Radios

Best buys in a wide selection of compact
transistor radios, including pocket types,
and top quality FM-AM portable models.

Phonographs & Accessories

Big values in phonographs; latest Stereo
portables; full selection of phono acces-
sories, including cartridges, turntables,
pickups, etc.

| m— Ham Station Equipment
(. a_’n-'. T Largest selection of famous-make
.. = h - e receivers, transmitters, antennas—
[oo toae®=>] everything in Ham station gear at low,

money-saving prices.

Test Instruments

Save on every type of instrument tor
home or professional use—see the
largest selection in all the leading makes.
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ment is the new tant-hand type with no
bearings or hair-springs. The coil is sns-
pended by two tiny bands of platinimm
allov 1710 the thickness of a human hair
but five times stronger thun steel. It
works like this,” he said as he snapped a
rubber band over his thumb and fore-
finger and stuck an alignment tool
through the loop and moved it so that it
pried against the two strands of rubber.

“Getting rid of bearing friction creates
a very sensitive meter movement. Five
microamperes through the coil deflects
the meter full-scale. The movement is
shunted so all voltmeter ranges shown
on the function switch are at 100,000
ohms-per-volt d.c. and 10,000 o.p.v. a.cg
but when this slide switch below the
function switch is moved to the "V-A/2’
position, the shunt is removed and the
sensitivity goes up to 200,000 o.p.v. d.c.
and 20,000 o.p.v. a.c. With the switch
in the V-A/2 position, another scale is
used that halves the voltage or current
range shown by the function switch.”

“A meter that sensitive is too casily
damaged.” Ron objected.

“Oh I don’t know. The movement it-
self is rugged, and then it's protected by
diodes the way vour meter is. Overloads
of 1000 times have been applied to the
meter movement without affecting the
accuracey.”

“Of course the operator is expected to
use some sense,” Barnev remarked, star-
ing pointediv at Ron.

“Several other features warrant its
extra cost,” Mae quickly continued. “A
mirror scale prevents parallax. The d.c.
voltmeter accuracy is 1%% of full scale,
and 60-cvele a.c. is 3%. The a.c. scales to
300 volts are frequency-compensated for
5% accuracy from 35 cveles to 20 ke.
While this extra accuracy is not required
in ocdinary radio and TV servicing, it’s
nice to have to check our other meters
and to make eritical measurements in
industrial servicing.”

“And it’s no hothouse lilyv that can’t go
with vou on service calls,” Barnev in-
jected. “A thermistor keeps readings ac-
curate from 32°F. to 104 F. The high
input resistance of that 200,000 o.p.v.
lets it take back many jobs the 20,000
o.p.v. vioam. lost to the vt In fact
it’s better than an r.f.-sensitive v.t.v.m.
working around a transmitter, sayv for
reading the forward and reverse voltages
of a resistor-tvpe s.w.r. bridge. With that
V-A/2 switch, vou can alwavs put a
reading in the accurate upper-half of a
scale. The .3-volt d.c. fullscale range is
the stuft for making critical low-voltage
readings—"

“Enough!” Ron shouted, putting his
v.o.m, back in the carton. “I've jnst in-
vented a definition: a bore is someone
who talks about his meter when vou
want to talk about vour meter. Your
twaddle is interesting in a dull sort of
way, but I must be off. My child bride
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is eagerhy awaiting mv prompt return.”

Before Mac or Barney could say an-
other word, he was gone,

“Whew, what a character!” Barney
exclaimed. “It's a good thing he left be-
fore I popped him in the snoot.”

“Don’t let that act fool von,” Mac ad-
monished. “You've just met one of the
most  knowledgeable and  experienced
electronics technicians | know. Ile has
done about evervthing there is to do in
electronics: first-class radio operator and
technician in the navy, two-letter-call
ham, broadcast station engineer, produc-
tion supervisor of a radio factory, state
police and airways operator. service shop
owner, radio engineer with a railroad.
and now specialist in two-way radio
communication installation and service.
But he dearly loves to get someone’s
goat, and I think he took off with vours.

“His call paints up one thing: we serv-
ice people are not as up-to-date as we
shonld be about what's going on in the
service instrument field. We'd never
heard of his v.o.m.; he'd never heard of
ours. Every major test instrument manu
facturer is constantly bringing out more
sensitive, accurate, dependuble, versa-
tile, and helpful instriments; but most of
us keep plugging awav vear after vear
with what we have. We don't need a new
v.o.m; we've got a v.om.! Reading ads
in the magazines more carefully and
dropping a card to an instrument manu-
facturer requesting a catalogne will un
doubtedly open the eves of many tech-
nicians as to just how out-moded their
test equipment is.”

“What was that stuff vou said to Ron
when he came in®” Barnev asked.

“Oh that! It's an old joke between us.
We both read Tom Swift stories as bovs.
One of the characters in these stories was
an eccentric Mr. Damon, who was al-
ways exclaiming, "Bless mv shoe laces:
bless my fountain pen: bless my eve
glasses, ete. Since Ron's last naime is Da-
mon, I usually come up with one of
these ‘bless my . . . things when we
meet.”

“How were those stories? T've won-
dered cver since the Tom Swilties were
so popular last summer.”

“I suppose they were no great shakes
as literature,” Mac said, “but thev did a
lot for me. Yousee | ran across the stories
right after T learned there was no Santa
Clws, no Easter Rabbit, and no Little
People hiding under toadstools. Sud-
denly all the magic had gone ont of my
bovish life, and a boy needs to helieve in
magic. Then along came Tom Swift and
Iis Electric Rifle, Tom Swift and Iis
Giant Cannon, Tom Swift and His Elec-
tric Runabout, ete, My bruised imagina-
tion got up and took off on wings. There
was magic in the world, the magic of sci-
ence. And my faith in and love for this
magic has staved with me right down
through the vears.”

Transistorized /ectronic
[gnition sysfem

Up-date your old fashioned system with our new
and completely different ignition . . . the biggest
engine improvement in over 50 years.

ADVANCE STYLING AND DESIGN

Universal installation on all makes of cars,

trucks and boat distributors.

Advanced styling, two heavy-duty transistors

assure dependability.

Die cast finned heatsink facilitates rapid

cooling.

Waterproof and shockproof tor ali

environments.

30 Amp Heavy-Duty circuit for maintenance-

free service.

High-temperature resistant racing-type coils

are of latest design for faster saturation.

High voltage and primary terminals at

opposite ends of coil to prevent high voltage

leakage from primary to secondary and assure

highest efficiency and safety.

Open plugs S to 10 thousandths which eliminates

plug fouling.

Cail output 30 to 55KV . . . Point current

Amp . .. rids pitting and burning.

Faster and Smoother acceleration with no

mistiring.

Increase in speed 10% to 30%.

No ignition overheat problems in slow city

driving.

¢ Complete engine combustion from hotter
spark.

¢ Increases gas mileage to 10%,.

* Reduces battery drain with no hard starting.

.

.

Eliminates distributor-condenser breakdown.
Tune-ups stay adjusted for peak performance.

Complete Banshee Systems are available in the
following models:

[ 30 KV Output with F- 2507 Coil,

250:1 turns ratio, neg. ground $39.95
[J 45 KV Output with F-400T Coil,

400:1 turns ratio, neg. ground 44.95
[0 55 KV Output with F-500T Coil,

500:1 turns ratio, neg. ground 49.95
{3J Banshee TS-30 with F-500T, pos. ground 59.95

[ Free Color Brochure

PARTS FOR EXPERIMENTERS
Special F-250T Coit
New F.J00T Coil, 400:1 turns ratio
New F.500T Cosl, 500:1 turns ratio

(] Die-cast aluminum heatsink ballast resistor,
.517 OHM designed for all above coils

250:1 turns ratio $ 9.95
14.95
19.95

3.25

TESTED = APPROVED
FULLY GUARANTEED ONE YEAR

SLEP ELECTRONIC COMPANY, Automotive Division
P.0. BOX 178-EW2 Ellenton, Florida
Ph. (813) 722-1843

|
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LAMPKIN METERS

(AN MEAN MONEV
IN VOUR POCHET!

THE AMAZING EXPLOSION IN MOBILE RADIO CONTIN-

UES,
(PLUS 47,000 NEW

RIGHT NOW OVER 2,788,000 TRANSMITTERS
INSTALLATIONS EACH MONTH)

MUST HAVE PERIODIC MAINTENANCE AND CHECKS ON
FREQUENCY AND MODULATION.

Frequency measurements and adjustments can only be made

by properly equipped—and licensed—servicemen. Quite often

maintenance is done on a term contract basis—assuring steady,

Almost every two-way radio tower or an-

competition-free income.

tenna in your area can mean money fo

you—
TO LEARN HOW YOU CAN CASH IN
ON THIS OPPORTUNITY
it MAIL COUPON TODAY!
______ ——————q
| LAMPKIN LABORATORIES, INC. I
MFM Division, Bradenton, Florida
1 At no obligation to me, please send free |
|  booklet “HOW TO MAKE MONEY IN |
| MOBILE-RADIO MAINTENANCE’’ and data |
1 on Lampkin meters.
| NAME
|  ADDRESS
{ [of } o = _STATE___

g0 B8

LAMPKIN 105-B Frequency LAMPKIN 205-A FM Modula-
Meter. 0.1 to 175 MC and up. tion Meter. Tunes 25 to 500
$260.00. Accessory PPM Me- MC. With four modulation
ter for 0.0001% accuracy 0n scales, 0-1.25, 2.5, 12.5, and
split-channels, $147.00. 25.0 KC. $310.

LAMPKIN LABORATORIES, Inc.

MFM Division
BRADENTON, FLORIDA

NEED A
110 VOLT
A.C. OUTLET?
In CAR, BOAT or TRUCK,
YOU HAVE IT WITH A

POWER

INVERTER

Actually gives you 110 volt, 60
cycle A.C. from your 6 to 12 volt
D.C. battery! Plug inverter into
cigarette lighter, and operate
lights, electric shavers, record
players, electric tools, portable TV,
radios, testing equipment, etc.

Frequency stable within one cycle.

Models from 15 to 600

watts, priced as low as 512?.55,
See Your Electronic Ports Deoler or Jobber, or Write:
CORPORATION

1088 Raymond Ave.
St. Paul 8, Minn.

In Canada, Atlas Radie Corp, L1d. — Toro

ta, Onl
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RCA, G.E ste. [ohber boxed tubes of 85%, dis-
| count off corrent RCA pric Send your trial
order MOW. Free cotoleg listing thousands of

parts, nogdies, crystals, tubes, kits ete. “Ardur-

us" fubes at 785, discount. Send for wmtalog.

|  HEADLINE BUYS FROM OUR CATALOG
FLYBACK TRANSFORMER KITS

YOUR PER
Worth $30.00 PricE 299 KIT

Kit £50)—Motorola—2 late-type flyback transformers.
Kit 2502—RCA—2 fate-type flyback transformers.

Kit 2503—(B5—2 late-type flyback transformers.

Kit 2504—Zenith—2 late type flyback transformers.
Kit $505—Emerson—2 late-type flyback transformers.
Kit £506—Sylvania—2 late-type flyback transformers.
Kit 2507—Philco—2 late-type flyback transformers.
it 508—Westinghouse—2 late-type flyback transform-

ers.
Kit £509—Dumont—2 late-type flyback transformers.

TV YOKE KITS

70° and 90°. a once-in-while buy. The six
yokes listed can be used directly or adapted
for use in almost every TV set ever built,
except 110 types. Their average cost to you
is ordinarily about $15.00 each, Our price
§1.99'> individually boxed, and in perfect
condition. Your savings per kit; $26.00 ap-
proximately. Your cost per kit; $3.99.
Unit #Y-1—0One 90° Zenith and one 70
G.E. yoke. both for ... 3.99
Unit #Y-2—0One 90 Motorola and one 70
Westinghouse yoke, both for ......... $3.99
Unit #Y-3—One 90 Muntz and one 90
Philco yoke, both for $3.99

o TEST TUBE .................. -
WORTH $25.00 699 cost

7% TV Bench Test Picture Tube: New—Not Rebullt
(7RIT) — Flat Face—Electro-Magnetic Focus, (Uses
focus coll of <et under test)—no lon trap needed—
Handles all currently used TV anode voltages—works
in any TV et except 110° Angle—Complete with
socket adapter harness. Ready to use at once—

Guaranteed 1 year against all defects
shipped post-pald, if order is Pre-paid.

ARCTURUS ELECTRONICS CORP. °%5'

502.22nd $T., UNION CITY, NEW JERSEY 07087

EW Lab Tested

(Continued from page 24)

13,000-cps limit of our microphone cali-
bration. Except for a dip of abont 5 db
at 6000 cps, the response was within

3 db from 200 to 13,000 cps. [t was
not possible to determine the actual
crossover frequency from examination of
the response curve.

The tone-burst response pictures re-
veal the ontstanding transient response
of the tweeter. The 3.8-kc. tone burst
shown is typical of the tweeter's response
throughout its range. The woofer tran-
sient response. shown at 250 cps, is not
quite as good, but may have been
slightly influenced by room characteris-
tics.

The listening quality of the system is
smooth and well balanced, as the re-
sponse curve would suggest. Its sound is
neither boomy nor thin, free from
screechiness or stridency, yet with a
pleasing crispness and liveliness. The
speaker has moderate efficiency. The
manufacturer states that amplifiers rated
at from 10 to 63 watts may be used
and we found that a good 15-watt am-
| plifier was adequate to drive the speaker.
| The ADC-14 is attractively and dis-
| tinctively styled, measuring 13%” wide
| x 257 high x 124~ deep. It is finished in

oiled walnut and may be mounted either
horizontally or vertically. The price is
$175. A base is included for floor mount-
ing.

| ENGINEERING SALARIES UP

CCORDING 1o statisties gathered by -
the 1llinois Institute of Technology
about their engineering graduates, it pays
to be an engineer if current starting sala-
ries are any criterion.

By UT findings, engineers start out
with a salary three times greater than the
average national per capita income re-
corded by the Department of Commerce.

The average engineering incomes vary
according to specialized fields, with elee-
trical engineers taking home the biggest
pay checks. In 1962 electrical engineers
received an average starting salary of
$3585 while this year the figure has risen

| to 8607. A
EX-CB-ER ARRESTED

HE Federal Communications Com-

mission has announced the arrest of
Warren J. Currence of Elkins, W. Va, for
the alleged operation of an unlicensed
CB station in Elkins. Three CB trans-
mitters were seized.

This was Currence’s second appearance
before the U.S. Commissioner in four
months. Earlier he ran afoul of the eom-
munications laws which resulted in his
being charged with using obseenity on
the air. This caused revoeation of his CB
license by the FCC on July 22. His illegal
operations brought eomplaints by hunn-
dreds of CB licensees in the eentral West
Virginia area.
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LEADS IN TRANSISTOR STEREO

TUNER-AMPLIFIER
by Heathkit
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FIRST IN KIT FORM!

ALL-TRANSISTOR AM-FM & FM STEREO TUNER PLUS
ALL-TRANSISTOR 40-WATT STEREO AMPLIFIER—ALL
IN ONE SMART WALNUT CABINET FOR JUST $195.00

Now in time for Christmas giving, Christmas listening! Two
20-watt power amplifiers...two separate preamplifiers... plus
wide-band AM, FM, and FM Stereo...all beautifully housed
in this one, compact Heathkit All-Transistor Stereo Re-
ceiver. For Heathkit this means another first! For you it
means experiencing the uncompromising realism of “tran-
sistor sound” in a handsomely styled receiver that won't
overheat...just the coolest, fastest, most “hum-free” oper-
ation possible! Just the purest, most “solid sound” possible!
This is the why of transistor stereo. This is why you should
move up to the new AR-13 Receiver. And the traditional
Heathkit economy makes this advanced performer easy to
own...just $195.00

All the electronics you need for a complete music system
are “Heath-Engineered” into this handsome unit...just add
two speakers and a phonograph or tape recorder! And there's
plenty of advanced features to match the advanced perform-
ance of the AR-13. You'll like the way this unit automatically
switches to stereo, thus eliminating any manual operation.
In addition the automatic stereo indicator light silently sig-
nals when stereo is being received. For versatility there’s
three stereo inputs (mag. phono and two auxiliary) plus two
filtered tape recorder outputs for direct “off-the-air” beat-
SPECIFICATIONS—Amplitler: Power output per channel {Heath Rating):
20 watts/B ohm 10ad, 13,5 watts/16 ohm load, 9 watts/4 ohm Ioad. (IHFM Music Power
Output): 33 watts/8 ohm Ioad, 18 watts/16 ohm load, 16 watts/4 ohm 10ad @ 0.7% THD,
1 KC. Power response: +1 db from 15 cps to 30 KC @ rated output; +3 db from 10 cps
to 60 KC @ rated outbut, Harmonic distortion (at rated output): Less than 1% @
20 cps: less than 0.3% @ 1 KC; less than 1% @ 20 KC. Intermodulation distortion (at
rated output): Less than 1%, 60 & 6,000 cps signal mixed 4:1. Hum & noise: Mag.
Phono, 50 db below rated output; Aux. inputs, 65 db below rated output. Channel sepa-
ratlon: 40 b @ 20 KC, 60 db @ 1 KC, 40 db @ 20 cps. Input gensitivity (for 20 watts
output per channel, 8 chm load): Mag. phono, 6 MV: Aux. 1, .25 v; Aux. 2, .25 v,
Input Impedance: Mag phono, 35 K ohm: Aux. 1, 100 K ohm; Aux. 2, 100 K ohm.

Outputs: 4, 8, & 16 ohm and low impedance tape recorder outputs. Controls: 5-position
Selector; 3-position Mode: Dual Tandem Volume; Bass & Treble Controls; Balance

NEW! FREE 19864 HEATH.
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free stereo recording. Dual-tandem controls provide simul-
taneous adjustment of volume, bass, and treble of both
channels. Balancing of both channels is accomplished by a
separate control. The AM tuner features a high-gain RF
stage and high-Q rod antenna.

Other quality features include a local-distance switch to
prevent overloading in strong signal areas; a squelch control
to eliminate between-station noise; AFC for drift-free re-
ception; heavy die-cast flywheel for accurate, effortless tun-
ing; pin-point tuning meter; and external antenna terminals
for long-distance reception. For added convenience the
secondary controls are “out-of-the-way” under the hinged
lower front panel to prevent accidental system changes.

Building the AR-13 is quick and easy with the pre-assem-
bled FM “front-end” and 3-stage AM-FM L.F. strip, plus
circuit board construction. Styled in Heathkit's new low-
silhouette design, the beautiful walnut cabinet accented with
the extruded gold-anodized aluminum front panel makes the
AR-13 a handsome addition to any home decor. This Christ-
mas, move up to the better listening of “transistor sound”
with the new AR-13 Stereo Receiver...another example of
superb Heathkit quality at unmatched savings.

Kit AR-13, 30 Ibs., no money dn., $19 mo. ..... $195.00
Control: Phase Switch: Input Level Controls (all inputs except Aux. 2); Push-Pull ON/OFF
Switch. FM: Tuning range: 88 mc to 108 mc. IF # 10.7 mc. Ant 300 ohm
balanced (internal for local reception). Quieting sensitivity: 24 uv for 20 db of quieting,
3 uv for 30 db of quieting. Bandwidth: 250 KC @ 6 db down (full quieting). Image
reject) b. IF relecti 70 db. AM suppression: 33 db. Harmonic distortion:
Less than 1%. Multiplex: bandpass: + % db, 50 to 53,000 cps. Channel separation:
30 db, 50 to 2,000 cps: 25 db @ 10 KC. 19 KC suppression: 50 db down, from output
@ 1 KC. 38 KC suppression: 45 db down, from output @ | KC. SCA rejection: 30 gb.
AM: tuning range: 535 to 1620 KC. IF #r y: 455 k. S ity: 1400 KC, 3.5 uv;
1000 KC. 5 uv: 500 KC, 10 uv—standard IRE dummy antenna. Bandwidth: 8KC @6 db

down. Image rejection: 30 db @ 600 KC. IF rejection: 45 db @ 600 KC. Harmonie
distortion: Less than 1%. Overall dimenslons: 17° L x 5%° H x 14%° D.

BT ATILIITS

HEATH COMPANY Benton Harbor 15,Michigan 49023

[0 Enclosed is $195.00, plus postage. Please send Model No. AR-13,
[J Please send Free Copy of New 1964 Catalog.
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GET IT from GOODHEART!

FIND TREASURE & PIPES w/MINE DETECTOR

AN /PRS-3, late type, like new, complete w/instruc.
book al [ 50
plastic suitcase. 23 ibs. fob Tacoma, Wn. g

PWR SPLY FOR ART-13 & OTHER XMTRS:

#20122, p 0 TCM TCU, input 11Sv 50,60 cy 1 ph
11 amps, dc outputs 1300v. 350 ma. S00v, 423 ma.
S0v, 400 ma, Metered, w cht-brkr controls, ready to
use. BRAND NEW, original box! Cost $79 50
$1000.00! 360 ibs fob Tacoma, Wn........ o

LUCKY-BUY SCOOP! 1 MA E-A RECORDER

Esterline-Angus’ popular Type AW, 0.1 madc, elec.
multi-speed chart drive. new or like-new $]4g 50
grtd. less front door, foh Los Angeles . N

(Many other recorders available, ask for list.)

MEASURE R TO 0.1%, E AND | T0 0.01%
LEEDS & NORTHRUP VOLTAGE-DIVIDER BOX

20K ohm HKelvin-Varley cht, 3-diai. plus handsome
panel & hknobs; 3d is 3" diameter calibrated each
.0001, Major component of 4 $1055,00 test sets ac-
curacy spec is 1 part in 10.000: dc to fow AF. In-
structions on theory & practical ckts tell how to
measure R to 0.1%, with R standards included and |
and E to 0.01% with ZERO current drawn. As hich as
35S0 v. as low as steps of 200 uv. 10 Ibs $ 9

fob Los Angeles. only B0 5.0 S06 00,5 2

BEST TEST SCOPE FOR TRANSISTOR WORK
:;n:lgr‘n v:!rov4':‘ shows dc to 100 kc. Calibrated defl.,
Los Angeles

BEST TEST SCOPE FOR VHF & TRANSISTORS

Tektronix 514AD shows dc to 10 mc. Calib, defl
pulse defay, etc. $450 0

CHOICE BARGAINS IN COMMUN. RECEIVERS
BC453B: 190-550 KC 6-tube superhet w 8S k¢ I(F's,
ideal as long-wave rcvr. as tunable IF & as 2nd con-
vert. W all data, CHECKED ELECTRICALLY!? $]2 95
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R.4S/ARR-7 w/ac sply, 0.53-43 mc: xtl filter, etc.
$179.50 cash or Time Pay $17.93 down.

RBS: Navy's pride 2-20 mc 14-tube_superhet has
voice filter for low noise, ear-saving AGC. high sens.
& select. IF is 1255 kc. Checked, aligned, w pwr
sply. cords, tech data. ready to use, fob $69 50
Charleston, $.C. or Los Angeles. .. ........ d

Low Freq.: DZ-2 superhet 15.1750 ke, w/schem 79.50
REBL-(*) TRF. 15.600 kc. w/schem $1350.00

ARC-3, ARC-27, ART-13 MANUALS!

Handbooks mainten., oper., theory, schem. $]0 00
awgs, etc. Each, postpaid. ... ............ .

e ———————————————
$49.50 LM FREQ METERS ARE $42.50 HERE

Navy, LM., .125-20 mc w matching book, $57 50
xt), schematic, instruc., plug, 100% grid. 0
AC Pwr for LM: Modify new EAO, w silicon $9 95
diodes, instructions we furnish. ... . 5o d
OK LM w/readable but ragged calib. book...$42.50

OK LM w/ xtl but no calibration book.......$27.50

e e ——
CALIBRATED-QUTPUT SIGNAL GENERATORS

Gen. Radio’s $750.00 =700-a Wide-Band $]99 50
BFO puts out SO cy to $ mc in 2 bands. . d
Boonton’s $420.00 =203B heats your VHF $]29 50
generator at 70 mc, Get .1 to 25 mc. .. . .
Navy LP-S covers 91z kc to 50 mc in 8 $250 00

14 ..
meas. Corp. Model 80: 2 to 400 mc. is in
their catalog today at a fot more than. .. $37500
Daven's AN version of the Mod. 80 $375 00
uses more modern tubes, same range. .. .
Hewlett-Packard =608-B 1s 10 to 400 mc $650 00
w lowest residual fm, .1 uv to .8 v o0 .
Navy LAE-2 is AM, CW or PM w variable 3129 50
ouise width, rate & delay, 520-1300 mc. .

LEEDS & NORTHRUP'S K-2 POTENTIOMETER

As modified by L&N for Nat, Bureau of Standards in
wash. DC to replace Kolrausch slide wire
w/two calibrated dials. fob Los Angeles.

2-METER RECEIVER & 2/6/10 METER XMTR
SCR-522 rcvre, Xmtr. rack & case, exc. cond. 19 tubes
include B32A°s, 100-156 mc AM. Satistaction grid.
Sotd at less than the tube cost in surplus! Shpg. wt.
85 Ibs. FOB Bremerton
wash, Only 5

Add $3.00 for complete technical data group includ-
ing original schematics & parts lists. [.F., xtl formu-
las, instruct. for AC pwr sply, for rcvr continuous
tuning. for xmtr 2-meter use, and for putting xmtr
on 6 and 10 meters.

AC Pwr for SCR.522: Brand new RA.62A
w_all cords ready to use. fob Stockton, Cal. 4950

REGULATED DC SUPPLIES AT NEW LOW ERJEE&
Sorensen solid-state 18-36 v S00 ms. . ... .. .
Sorensen 3008 0:390 ¥ £11%7133%ma. . 1§ 83.30
Same except 1000 ma . ...
Same cxcept 1500 ma e

0.1% SORENSEN Line Vol

2 $000S reogul. agamnst load
kva ne

\
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#1500 Special,
10S-125 V 60 cy.
load, 110-

tob

Norwalk. Conn,

Sola 500 va.

117 v. tos A

R. E. GOODHEART CO., Inc.

P. O. Box 1220-A Baverly Hills, Calif.
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New CB Circuits

(Continued from page 36)

new solid-state device to sharpen the i.f.
bandwidth of its KG-4000 1-watt, hand-
held transceiver. It is a ceramic filter in-
serted into the second i.f. amplifier. De-
riving its special properties from the
piezoelectric effect, the filter may be
compared directly to a high-“Q” reso-
nant circuit on 435 ke, The specific
component is the Clecite TIF-O14, a
“Transfilter” guaranteed by the manu-
facturer to remain, for ten vears, within
0.2% of 455 ke, *2 ke. No initial or long-
term alignment is required.

How the filter is applied is shown in
the partial schematic of the receiver’s
second i.f. amplifier (Fig. 2). Replacing
the conventional emitter bypass capaci-
tor is FL1, the ceramic filter. Note that
the emitter resistor R16 parallels the fil-
ter to signal ground. In operation, the i.f.
signal encounters both circuit compo-
nents.

The ability of the filter to reject spur-
jous signals above or below 455 kc. is
based on degenerative feedback. When
the signal is precisely on 453 kc., the
series impedance of the filter is extremely
low, on the order of 15 ohms. Thus, a
virtual short circuit occurs across the
resistor and emitter bias is lowered.
Under these conditions, the transistor
provides maximum amplification.

The i.f. signal produced by an adja-
cent-channel signal, however, enters the
i.f. strip slightly above or below the
nominal 455 ke. Since filter impedance
rises for off-resonance signals, R16 is ef-
fectively re-inserted into the emitter
lead. Negative feedback occurs and tran-
sistor gain drops for interfering frequen-

cies. The attenuation curve of the
TF-O1A (functioning as an emitter by-
pass) is given in the accompanying
graph in Fig. 2,

(¢) Business Radio “S-Master™

An “S”-meter is a valuable addition
to any CB it not alreadv equipped
with the accessory. Besides the ability
to indicate relative strength of an incom-
ing signal, it is handy for antenna orien-
tation and comparison tests, or receiver
calibration and alignment. The Business
Radio’ Model 601 “S-Master” provides
these functions in a two-transistor circuit
that requires only two connections to the
CB chassis. An internal battery makes
the device independent of the trans-
ceiver power supply.

Shown in the schematic (Fig. 3) is
the complete “S”-meter circnit. The de-
vice samples receiver a.v.c. voltage (a
function of signal strength) and reads it
ont in “S” units on the meter. In circuits
of this type, the key problem is imposing
too great a load on the receiver’s a.v.c.
bus. The solution here lies at Q1. It is
connected in the common-collector con-
figuration; a hookup that is characterized
by high input impedance. The a.v.c. in-
troduced at the base of Q1 (viu isolating
resistor R1) experiences negligible short-
ing effect.

As the strength of an incoming carrier
rises, a.v.c. applied to the base of Q1
increases in the negative direction. Out-
put of the transistor is similarly negative-
going; another consequence of the
common-collector arrangement, no
phase reversal occurs. Thus, a negative
signal is made available to the base of
transistor Q2 in the meter circuit.

Rising negative bias on the Q2 base
increases the current flow throngh the
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Fig. 2. Circuit using ceramic filter and its response curve.

Fig. 3. Complete circuit diagram of the ““S”’-meter attachment.
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NEW! Low-Cost All-Transistor, All Mode
Stereo Tuner and Matching 40-Watt
Stereo Amplifier

Cooler, faster operation . . . lower power consumption . longer life
and the clean, quick realism of “transistor sound.” You’'ll enjoy all this
and more with Heathkit's newest All-Transistor Stereo “Twins.” Com-
pact, low-silhouette styling magnificently fashioned in rich walnut
cabinets neatly fits this handsome pair into a “proud place” in any
hi-fi stereo system. Add to this extruded brushed gold-anodized alum
inum front panels that serve practically to conceal secondary controls
and decoratively to enhance over-all beauty. The AA-22 Amplifier pro-
vides 40 watts of continuous power at +1 db from 15 to 30,000 cps with
no fading, no faltering . . . just pure solid sound! The AJ-33 Tuner offers
selection of AM, FM, or FM Stereo to please any listening preference.
Check both unit’s features and discover why Heathkit leads in Transistor
Stereo. The price? A great value, you'll agree ... $99.95 each!

NEW! FREE 1964 HEATHKIT CATALOG
See the latest new products in Heath-
kit's wide, wonderful line. Over 250
do-it-yourself kits for stereo/hi-fi,

HEATHKIT-1DEO4a

Enciosed is $

marlne, TV, electronic organs, ama-

teur radio, test Instruments, educa- Name
tional, and home and hobby items that
will save you up to 50%. Send for Address
your free copy today!

City
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AA-22 40-watt Transistor
Stereo Amplifier, 14 I[bs.
$10 mo. $99.95

}r.'_' -"— ;H,\_

A - A
-0 0 O O C

LS

e 40 watts of power (20 per
channel) e 5 stereo inputs e
Speaker phase switch e Minia-
ture indicator light for each posi-
tion on mode switch e Trans-
formertess output circuits e
Brushed gold-anodized aluminum
front panel conceals secondary
controls e Walnut cabinetry

“v.om

AJ-33 Transistor AM-FM-
FM Stereo Tuner, 14 Ibs.
$10 mo. . $99.95
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® Stereo phase control e Auto-
matic stereo indicator e AFC
and AGC e Filtered stereo tape

recorder outputs e Built-in
stereo  demodulator e Tuning
meter e Flywheel tuning e

Stide-rule dial e Prealigned FM
tuner and circuit board con-
structicn ® Brushed gold-
anodized aluminum front panel
conceals secondary controls
e Walnut cabinet
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