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Where You Train Is
As Important As Your
Demsmn To Train

B Electronics is a growing and
expanding industry. That’s
why so many ambitious men
- & are deciding to train for ca-
& reers in this exciting field.
They recognize the opportu-
nities to advance and pros-
£ per. But, where a man trains
and how the school of his
choice teaches Electronics

how it encourages him to reach his goals and realize his
nl)ltlons . 1s most important to his success.

“his is a fast changing world. A school offering Electronics
>urses must keep pace. That’s why NRI—with nearly 50 years
=i specialized experience—now offers eight choices of training
ithin the one field of Electronics. Select the course of most
—iterest to you and receive the kind of home-study training that
epares you for a specialized career. NRI’s large stafl of
ecialists is always on the job keeping course material up-to-
ate . .. helping you earn your way while training.. . . assisting
ou with job placement when ready. In short, whatever branch
—f Electronics you select, NRI is qualified through o2
—nowledge and experience to help you grow. may

PECIAL TRAINING EQUIPMENT INCLUDED °

IRT “learn by practice” & i %
iethod is the time-proved §
ay to learn easier, faster, |
etter. Most NRI courses in-

=lude—at no extra cost—spe-
ial training equipment to give
hop and laboratory experi-
nce in your own home. All
quipment is yours to keep.

* Projects you build, experi-
1ents you perform, make
[RI lessons come to life. Complex subjects become interest-
1g, easy to grasp. Your first projects are measuring voltage
nd current in circuits you build yourself. You use a Vacuum
'ube Voltmeter which you construct. Later on, you progress
1to more involved experiments. If you like working with your
ands, you’ll enjoy learning Electronics with NRI.

HE PROVEN WAY TO BETTER PAY

sest of all, NRI provides training right in your own home and
—n your spare time. No time wasted getting to school. You fit
udy hours to your own schedule. You go as fast or as slow
s you like. Check the training of most interest to you; cut out
.:nd mail the postage-free card now. Read about Electronics
pportunities, NRI courses, the NRI trial plan, convenient
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America’s Oldest and Largest Radio-TV
Electronics Home-Study School

Pick the ELECTRONICS
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CAREER You Want

INDUSTRIAL ELECTRONICS

Learn Principles, Practices, Maintenance of Electronic
equipment used today in business, industry, defense.
Covers Electronic controls and measurement, compu-
ters, servos, telemetry, multiplexing, many other sub-
jects.

RADIO-TELEVISION SERVICING

Learn to service and maintain AM-FM Radios, TV sets,
Stereo Hi-fi, PA systems, etc. A profitable, interesting
field for part-time or full-time business of your own.

COMPLETE COMMUNICATIONS

A comprehensive training course for men seeking ca-
reers operaling and maintaining transmitting equip-
ment in Radio-TV Broadcasting or mobile, marine,
aviation communications. Prepares you for FCC Li-
cense.

FCC LICENSE

Prepares you quickly for First Class License exams.
Every communications station must have one or more
FCC-licensed operators. Also valuable for Service Tech-
nicians. You train at home.

MOBILE COMMUNICATIONS

Training in installation and maintenance of mobile
equipment and associated base stations like those used
by fire and police, taxi companies, etc. Prepares you for
First Class FCC License exams.

MARINE COMMUNICATIONS

Shipboard transmitting equipment, direction finders,
depth indicators, radar are all covered in this course.
You prepare for your First Class Radiotelephone Li-
cense with Radar Endorsement.

AVIATION COMMUNICATIONS

For men who want careers working with and around
planes. Covers direction finders, ranges, markers, loran,
shoran, radar, landing systems, transmitters. Prepares
you for FCC License exams.

MATH FOR ELECTRONICS

From basic arithmetic review to graphs and electronic
formulas in one complete “short course” package of
five carefully prepared texts. Quick, complete and low
in cost.

‘MAI[ POSTAGE-FREE CARD NOW
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For Fast Service on All Your Industrial Tube Needs
Telephone Your RCA Industrlal Tube Distributor

That's not all. When you need technical
data, your RCA Industrial Tube Distributor
can supply that, too! Just as he supplies
RCA tubes noted for performance, relia-
bility, and long life—for most every tube
application in industrial and communica-
tions equipment of every description.

RCA ELECTRON TUBE DIVISION, HARRISON, N.J.

It's as easy as that! And as fast! From your
telephone you can reach locally a large in-
ventory of RCA industrial tube types for
OEM use or industrial replacement.

With latest RCA tube types right on his
shelves, your RCA Industrial Tube Distribu-
tor can often provide same-day delivery,
relieving crises in lab schedules or keeping
pace with production requirements.

THE MOST TRUSTED NAME IN ELECTRONICS

L]

For name and address of your local distributor write or call your nearest RCA Distributor Products Sales Office—New York, N. Y.: 36 W. 49th St., MUrray Hill 9-7200; Needham
Heights 94, Mass.: 80 “'A” St., Hillcrest 4-8480; Washington 6, D. C.: 1725 "K'’ §t., S.W., FEderal 7-8500; Atlanta, Ga.: 134 Peachtree St., N.W., JAckson 4-7703; Cleveland,
Ohio: 1621 Euclid Ave., CHerry 1-3450; Chicago, lll.: Merchandise Mart, 467-5900; Dallas 7, Texas: 7901 Carpenter Freeway, MElrose 1-3050; Kansas City 14, Mo.:
7711 State Line, EMerson 1-6462; Los Angeles 22, Cal.: 6801 E. Washington Bivd., RAymond 3-8361.

June, 1963 !
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New Super-Sensiti{fé
SCOTT FM Stereo Tuner

3

gCOTT,

siereomaater

Multiplex Version of the Famous 310 Tuner Selected for ‘‘Telstar”” Experiment

Now the world famous 310 tuner is fully equipped for Stereo 310E Technical Specifications
Reception. The 310 is considered the most outstanding FM tuner
available. It is used for commercial applications and critical broad-
cast relay work throughout the world. [ts extreme sensitivity,
selectivity and low distortion make it the logical choice for the
most critical installations. The new 310E is equipped with the
famous Time-Switching multiplex circuitry, pioneered by Scott, and
universally accepted as the best way for achieving optimum stereo

IHFM Sensitivity 1.9 microvolts; Drift .02%;
Capture Ratio 2db; Selectivity (adjacent chan-
nel) 50 db; FM Detector Bandwidth 2 mc; FM
Limiting Stages, 3; FM IF Stages, 4; Frequency
Response (# 1 db) 30 to 15,000 cps (IHFM
limits); Harmonic Distortion less than 0.59%;

separation. Here is a tuner of broadcast quality, suggested for use Spurious Response Rejection 85db; Separation

in critical reception areas where its extreme sepsitivity, excellent 35 db. Controls: Main Tuning, Interstation Noise

capture and low distortion are required. [t is also recommended Suppressor, Level, Sub-Channel Filter. Size in

for the audio enthusiast who requires the very finest tuner possible accessory case; 1516W x 514 H x 1314D. Price:

at the present state of the art. $279.95*
S S S O -

310E FM Stereo Tuner Outstanding Features:

g . ; . . H. H. Scott Inc.
1. Sensitive illuminated tuning meter for optimum orien- \ ) =

Send name and oddress of interested friends.
CIRCLE NO. 137 ON READER SERVICE PAGE

® H.H.SCOTT INC., 111 Powdermill Rd., Maynard, Mass.
S I I Export: Morhan Exporting Corp., 458 Broadway, N.Y.C.
Canada: Atlas Radio Corp.. 50 Wingold Ave.. Toronto

* Slightly higher west of the Rockies. Subject fo change without notice. Accessory cases exira.

|

|

|

|
tation and station selection. 2. Convenient front-panel ¢ g / : 111 Powdermill Rd., Dept. 160-06 &
recorder output jack. 3. Laboratory-type precision n l 3 < |
vernier tuning control. 4. Auto-Sensor circuitry for fully v | Maynard, Mass. a
automatic operation. 5. Mode Control with these posi- T - 5 | ’
tions (FM Monophonic, FM Stereo, FM Stereo Automatic). I . .
6. Interstation noise suppressor. 7. Silver plated RF | U ; }| Pleasg wsh el icomplefel {pecificatians tom [ihe % X
Cascode front end. 8. Scott's unique "“Time Switching'" ¥ T ' : Scott 310E FM Sterec Tuner.
multiplex circuitry. 9. 2 megacycle wide-band de- s |
tector. 10. Three limiting stages, assuring fully quieted 4 A N
performance on even the weakest signals. 11. Power/ ) - A I ame —
Filter (with these positions: Off, On, Sub-channel Filter, ! | [ \ |
Stereo Filter). 12. Stereo Threshold. g a0 | : } Address - I ——— -

: City . S _ Zone____ State

|

1

i

|

|

|
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THIS MONTH’S COVER fea-
tures a shelter housing the
electronics of a translator
system. This one receives
signals from 3 v.h.f. stations
on the 2 large arrays shown,
translates them to u.h.f.
with equipment visible
through the cutaway, and
retransmits them locally.
The background map is of
metropolitan New York,
which has one u.h.f. trans-
mitter on the Empire State
Building, assisted by a
translator on the George
Washington Bridge. A multi-
hop translator relay (bot-
tom) shows how u.h.f. can
cover distance. For com-
plete story, see page 21....
(Cover illus. by Dan Todd)
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Now is the time
to come to the aid

of youﬁi'fofmérty!

f e ©
EleilhoYbres
High-Fidelity Speaker System
...it's Weather-Proofed!

Now you can easily add the luxury of
high-fidelity music to your outdoor fun!

Whether you're dancing under the stars,
swimming in the pool or relaxing around
the barbecue . .. the new Electro-Voice
Musicaster provides high-fidelity music
from your present hi-fi system, radio,
phonograph or TV set.

Specially designed for indoor-outdoor use,
the E-V Musicaster features a heavy-duty
weather-proofed speaker mounted in a
rugged aluminum die-cast enclosure. It’s
easy to connect for permanent use out-
side. And you simply move it into the
recreation room for year-’round pleasure.

t
Send now for full information . . . plus the
name of your nearest E-V sound specialist !

The E-V Musicaster ® is .bf"
also a “sound” buy for e
church,school or club !

ELECTRO-VOICE, INC., Dept. 634N

Buchanan, Michigan

Please send me your free booklet, '"How to Enjoy High-
Fidelity Outdoors’ and E-V sound specialist list.

Name

Address ___

Ciy_ State S

re———————————————————
CIRCLE NO. 110 ON READER SERVICE PAGE
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COMING
NEXT |
MONTH

ADVANCES IN ELECTRON MICROSCOPY

With the new techniques which have
been developed and the new instruments
now under construction, researchers
may soon be able to see the atomic struc-
ture of matter. Ken Gilmore describes
transmission microscopes, electron- and
ion-emission types, proton microscopes,
and ultraviolet flying-spot scanners.

CONSTANT-VOLTAGE

SOUND-DISTRIBUTION SYSTEMS

More and more public-address installa-
tions are utilizing the constant-voltage
technique. Abraham B. Cohen discusses
the principles involved and outlines
practical applications.

V.H.F. MARINE RADIOTELEPHONY

For limited-range communications, the
v.h.f. band may offer one answer to the
problem of noise and congestion to be

S
b Electiones World |

O e

shouldn’t be too difficult. This article
covers operation of the color demodulat-
ing section and describes circuitry being
used in present-day color television re-
celvers.

SEMICONDUCTOR STRAIN GAGES

More sensitive and critical measure-
ments can now be made with the new
strain gages developed by such firms as
Kulite-Bytrex, Century, and Baldwin-
Lima-Hamilton.

“DELCOTRONIC”—TRANSISTOR-

CONTROLLED IGNITION SYSTEM

J.C. Norris of Delco-Remy describes the
unique magnetic-pulse-type ignition sys-
tem being used by General Motors. With
this system, breaker points are entirely
eliminated.

MUST STEREO DISCS SOUND BAD?

found on the m.f. marine bands.

UNDERSTANDING COLOR DEMODULATORS

Since there are actually only three cir-
cuits in a color receiver that are unique,
the transition from black-and-white

Duane H. Cooper of the University of
Illinois points out practical ways of
eliminating tracing distortion and verti-
cal tracking error which are largely re-
sponsible for audiophiles’ dissatisfaction
with stereo discs.

All these and many more interesting and informative articles will be yours
in the JULY issue of ELECTRONICS WORLD ...on sale June 18th.
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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: IEach CIE
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
4

covering Automation, Com-
munications, Computers,
Industrial Controls, Televi-
sion, Transistors, and prep-
aration for a 1st Class FCC
License.

This exciting program in-
cludes many important
subjects as Computers,
Electronic Heating and
Welding, Industrial Con-
trols, Servomechanisms,
and Solid State Devices.

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

Cleveland Institute

TEL
wv

of Electronics
=2

Lontva
‘Uneiu

1776 E. 17th St., Dept. EW78
Cleveland 14, Ohio

v,

2,
Onrg

Accredited Member

June, 1963

use it! This ability makes you eligible for any of
the thousands of challenging, high-paying jobs in
Llectronics. 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 NOW!

First Class FCC License

If you want a Ist Class FCC
ticket quickly, this strezm.
fined program will do :he
trick and enable you to
maintain and service all
types of transmitting
equipment.

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

Cleveland Institute of Electronics
1776 15, 17th St., Dept. EW-78 r ———————

Cleveland 14. Ohio .HOW t

0 Succeed
| InElectronics
‘M‘.tww,vmmw‘ o f._,_;’L "

Please send FREE Carcer Informa-
tion prepared to help me get ahead in
Electronics, without further obligation.
CHECK AREA OF MOST
INTEREST —

D Electronics Technology

|
|
|
|
|
|
|
|
|
|
| D Industrial Electronics
I
|
|
|
{
I
|
|
I
|

D First Class FCC License

D Electronic Cominunications

[} Broadeast Engineering O -
other
Your presertit occupation. . = - _ = =
Name_ =5 g N l - _Age
{please print)
Address g —— . -
City e __Zone State
Anoroved for Veteran’s Training under Korean G' B'i". "W.78



you
can play
your records

or automatically

and enjoy the same quality you associate with
turntables that can only be played manually.

The Benjamin-Miracord is fundamentally a
quality instrument—designed and constructed
to highest quality standards. Its components
are those characteristic of the finest record
players: solid, die-cast, dynamically balanced,
12-inch turntable; precision-machined, mass-
balanced transcription arm; and choice of
either high-torque, 4-pole induction motor or
the famous Papst hysteresis motor.

Yet, the Miracord can play single records
automatically as well as manually, or you can
play up to 10 records in automatic sequence.
The automatic action of the arm is actually
more precise and more gentle than by hand.
See and hear the Benjamin-Miracord perform
at your hi-fi dealer. Model 10 with 4-pole induc-
tor motor, $89.50; Model 10H with Papst hys-
teresis motor, $99.50 (complete with arm but
less cartridge and base). For catalog, write tc:
BENJAMIN ELECTRONIC SOUND CORP.
80 Swalm Street, Westbury, L.1., New York

Sole U.S. Distributor of Electroacustice Record Playing Components

ENJAMI
MIRACOR

02

CIRCLE NO. 103 ON READER SERVICE PAGE
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IEEE

( VER 70,000 of the world's lead-
ing engineers and scientists in
i electronies, space t('chn()l()gy. and
comnimications participated in the
first international convention held by
the IEEE ( Institute of Electrical and
Illectronies Engineers). The [EEE,
officially. formed January 1 of this
vear, is the result of the merger of the
IRE (Institute of Radio Engincers)
and the ALEE (American Institute of
Iectrical Engincers). With a total
membership of 160,948, this new or-
ganization is now the largest techni-
cal professional society in the world.
The four-day convention, held in
New York starting March 23, was an
international show attracting experts
from 33 different nations, including
four Russian scientists who were per-
mitted to attend on an exchange
basis.
With two and a quarter miles of
| exhibits covering the latest electronic
technical developments of 860 clec-
tronics firms, all previous records
‘\\'m'e broken, making it the largest
| technical exhibition ever staged.
it would be difficult, for those who
have never had the good fortune to
attend any of the previous 1RE con-
ventions, to visualize the magnitude
‘()f this show. Some 25,000 different
[ picces of clectronic equipment of
im‘m’ly every tvpe and size, ranging
from microminiature clectronic ap-
paratus to large computing machines,
were on display. There were two and
a quarter miles of exhibits.
FFifty-four technical sessions were
[ held at the Waldorf-Astoria and the
|C<)]isvnm. The 250 papers that were
presented covered new developments
| in almost every field and phase of the
modern world of electronics science,
| The sessions covered advances in 29
branches of the art. ranging from
space technology to artificial intelli-
gence and from biomedical electron-
ics to educational television,
Although many exhibitors reported
that business over the last few
| months had not come up to expecta-

WM. A. STOCKLIN, EDITOR

BREAKS ALL RECORDS

tions, they all scemed to feel that the
balance of the vear will e good.
There was also deep concern over
pending profit restrictions on Gov-
ernment contracts; obviously, this
would represent a serions threat to
companies concentrating on defense
work.

There is no doubt that the profit
and loss status of an industry is im-
portant, but the recent IEEE con-
vention seems to he much more than
a statistical report. This show is. in a
way, quite similar to Wescon, held
on the West Coast, and the NEC
(National Electronics Conference),
held in Chicago. All three, open to
the public, are technically slanted in
that they provide a central meeting
ground where clectronically oriented
engincers and scientists can openly
discuss latest developments, specific
designs, and even philosophies.
These shows are inherently success-
ful in that all participating compa-
nies want to prove. beyond any
doubt, that they have the capabilitics
of developing the most sophisticated
equipment possible.

Large sums are spent by Govern-
ment and military agencies for our
space program and much of this pro-
gram is directed towards basic re-
search and development. It is, there-
fore, important for a company to
announce any new developments or
breakthroughs they have made. The
ultimate purpose, of course, is a sub-
tle form of marketing.

This is good, not only for all engi-
neers and  scientists in - furthering
their own knowledge, but it is a tre-
mendous incentive to an industry,
particularly the clectronices industry,
which has moved at an unimaginable
pace over the past ten vears with one
new hreakthrough after another.

As long as we have such ideal op-
portunitics for the free exchange of
knowledge, evervone. even those who
are only remotely concerned  with
clectronics, should take all possible
advantage of them. A

ELECTRONICS WORLD
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CREIGEAD ROY A. REICHER'] makes e adjustment on the proloty e of a programmable
power supp'y which Le designed and built in his capacity as Senior Technical Aide, Bell o8
Telephone Labs. Murray Hil!, N, J, '

L
it e}

If you are employed in electronics

WE WANT TO SEND YOU THE FREE BOOK
that started this man on the way to a rewarding career

Today Roy A Reichert has a well-payving, exciting position e e N L e e 1
in space age electronmics. Bul he held a routine job when : Accredited Mombier ]}':'»I.‘:m\l,l '.;‘.l Hame stisdy Couneil :
he sent for our free book, “Your Career in LElectronics i C’BEI The Capitol Radio Engineering Institute |
and Nuclear Engineering Technology” | o—_f Dept. 1106A. 3224 16th St., N.W., Washington 10, D. C. |
From this 58—[)&129 bOOk’ he discovered the real reason I Pleausc send me FREE book describing career opportunitics and I
why some men move ahead in electronics while others | CREI ngrun_]s in advanced electronies. I am emploved in electronies |
stand stiill. He learned the vital importance of advanced | and Wve wohishoschool ducation. i
knowledge of electronics to a man who cannot be satisfied | Name R —— SN Age |
with an urinteresting, low-paying job. He found out why : TS :
CREI Heme Study Programs are recognized by leading | |
organizations as particularly effective preparation for a I City Zone State |
carcer in advanced electronics. Mr. Reichert is just one of i Employsd by _ B |
thousands of men in every phase ol elecironics who profited | ) ' |
from reading this boolk. Send for free copy. Use coupon or | Tyoe cf Present Work |
write: The Capitol Radio Enugineering Institute, Dept. ! Check: [ Home Study [ Residence School [J G. I. Bill 59 |
1106A. 3224 16th St., N.W., Washington 10, D. C. s o e s, e iy e A e = d
June, 1963 7



POPLILARITY BRINGS THE PRICE DOWN ...

B 30 watts stereo output, 15 watts per channe! I}
sensitive smooth-tuning FM-AM section Il Stereo
Sentry Multiplex—tuning bar signals the stereo
hroadcasts B full-fidelity stereo preamplifiers for
magnetic or crystal phono, tape deck and auxiliary
accessories [ decorator-inspired brushed-gold

panel compactness—13% " w x 454" h x 13%" d.

Write GROMMES
Division of Precision Electronics, Inc.,
9101 King St., Franklin Park, {Il.

Loved by
Audiophiles at

NOW
$199.95

Less Cabinet

glz@mmp/i_

sets the
scene...

FM MULTIPLEX GENERATOR

To the Editor:

| We were very ¢lad to see our orgun-
|izzlti<)n named as a source of the 19-ke.
crvstal it listed in vour article on the
’"l’.\l Multiplex Signal Generator™ de-
| seribed in the January, 1963 issue of
Erecrronics Wonwn.

We tmmediately prepared a guote
for one ervstal per customer and even
had owr Network Engineering Depart-
ment exanvine and derive a gquote on the
53-ke. filter which would be pre-aligned
and ready to imsert in the instrument,
[ such quote based on a production vol-
ume ol one filter per prospective cus-
tomer. Every person who wrote to us
received a copy of this quote which
listed the ervstal at $12.75 each and the
filter at $39.00 cach.

Further. to msure that the crvstals
were as specified owr Crystal Enginecr-
ing Section built the oscillator circuit
Land the two succeeding stages i ac-
cordance with the schematic, photo-
graphs, and written construction infor-
mation. This was done to accurately
measure the effective load capacitance
and drive level seen by the cryvstal, both
of which have considerable effect on a
crystal in this type cireuit.

We have already supplied a surprising
large mmmber of “one per customer”
items to all parts of the globe.

Criarees W AaNy
Chief Crystal Engincer
Reeves-Hoffman Division
Carlisle, Penna.
o © &
ELECTRONIC WEIGHING
To the Editors:

We lave just read the story which
appears on page 28 of vour December,
1962 issue entitled “Electronic Weigh-
ing,” by Walter H. Buchsbaum. We
[ compliment von upon the interesting
article on weighing and appreciate the
use of our data in Fig. 7 and the picture
of our Shadograph scale in Fig. 8.

We, however, take exception to para-
graph 3 on page 38 which states, “In
practically all - industrial  scales  the
counterweight is much less than the
weight to be measured and balance is
obtained by mechanical leverage.” This
statement is only true in part. We pro-
duce thousands of scales every year and

8

LETTERS
FROM OUR
READERS

have turmed out hundreds of thousands
over the last $3 vears that are cven-
balance levers, where the coumterweight
is exactly the weight of the prodiet be-
ing weighed.

On page 40 under the sub-head “1lec-
tronic Weight Indication.” the second
paragraph states in part, “One unique
method of providing both a visnal seale
indication and a digital read-out is used
in the so-called  shadowgraph scale”
(our italics). The Shadograph scale is
one which we developed 23 years ago;
the term is a registered  trade-name
spelled without the “w.”

J. E. KoxkLE
The Exact Weight Scale Co.
Columbus. Ohio

o o E

BIONIC COMPUTERS
To the Editors:

Relerence is made to the Ken Gilmore
article in the March Evcorroxics
Woren on “Bionic Computers.™

You refer to the "Artron” and its -
ventors. 1 feel vour readers should know
that the “Artron” was developed by R. ]
Lee, mostly in his spare time. Tt was an
outgrowth of an earlier device that le
developed  while attending  Oklahoma
University in 1952,

Mr, Lee is Vice President for Research
ol Adaptronics, Ine. At present, Mr. Lee
is developing a more advanced device
which he calls the “Neurotron.” and
whiclt provides both analog and digital
capability.

Jurwe B Haverea
Executive Staff Assistant
Adaptronics, Inc.
Alexandria, Virginia
© o o
TRANSISTORIZED IGNITION SYSTEM
To the Editors:

I have built the transistorized ignition
svstem described in your August and
December 1962 issues, and installed it
in my car, a Studebaker V8. T thonglit
vou might be interested to hear that it
is operating excellently. The most no-
ticcable improvement is the very easy
starts that 1 have been able to get in
cold weather.

I do not know if vou have noticed
that all Europe and especially Scandi-
navia have had an extremely cold winter
for more than six weeks, the coldest dur-

ELECTRONICS WORLD
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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 scule visible at any one time, automatically. Once you set the range
switch, it is impossible to read the wrong scale. Reading in the range vou 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 megchms.
Supplemental ranges also provided on external overlay meter scales. Meter protected
against extreme overload and burn-out. Polarity reversing switch. Automatic ohms-adjust
controi. Mirrored scale. Complete with 1%-volt and 9-volt batteries, test leads,

and easy-viewing stand. Net, $5995

DYNAMATIC 375
AUTOMATIC VACUUM-TUBE VOLTMETER

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

Accuracy = 3% 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 3ranges 0-500 ma. Ohmsin 7 ranges 0-1000
megohms. Utilizes single DA-AC ohms probe and anti-parallax mirror. Swive! stand
converts to carry-handie. Includes 1% volt battery.

Operates on 117 volts 50-60 cycle AC. Net, $8995
Ask Your B&K Distributor BaK MANUFACTURING CO.
for Demonstration, or "K Division of DYNASCAN CORPORATION
¢ 1801 W. BELLE PLAINE AVE. * CHICAGO 13, ILL.
Write IOT Cata[Og AP20-N Conodo: Atlas Rodio Corp., 50 Wingold, Toronto 19, Ont.

Export: Empire Exporters, 253 Broodway, New York 7, US.A.
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lock-on AC/DC
converter

drop-in
AC/DC canverter

plug-in
mag phono/ftape
head pre-amp

more!

plug-in remote
and emergency
power relays

TR-2 with
carrying cover

Harman-Kardon TROUBADOR offers more
operating features, more application versatility,
more value than any other transistorized
mobile or portable public address amplifier.

TR-1
15-watt amplifier

Until you see and hear Troubador for
yourself, the dramatic performance and
economy benefits of this remarkable
scries may only be advertising claims to
you. Here’s why these amplifiers will sat-
isfy virtually every rental, conventional or
unusual field requirement:

THE TR-1 is a compact 15 watt am-
plifier ideal for fire, police, marine, sight-
secing, ambulance, military, utility,
construction, resort and other mobile or
portable commercial uses where only low
voltage D.C. power may be available from
a battery or vchicle ignition system. Trou-
bador gives you all the operating facilities
you'll ever nced—more than you ever ex-
pected! Separate channels for a low im-
pedance microphone (no input matching
transformer needed) and a music source
(crystal or ceramic phono, tuner, tape re-
corder) ... with full mixing! A really use-
ful tone control employing a 4-position
filter network (normal/ lo-cut/ anti-feed-
back / hi-cut), to help overcome problems
with program material, acoustics, speaker
and microphone characteristics. Optional
plug-in preamplifier with built-in, legiti-
mate RIAA and NARTB equalization to
accommodate any magnetic phono car-
tridge or tape head—and still be able to
drive the amplifier to full output.

It draws only one ampere for full out-
put on average voice or music program.
Cannot be damaged by accidental appli-
cation of incorrect battery polarity; oper-
ates on positive or negatively grounded
vehicles. A solid-state converter is avail-
able to adapt the TR-1 for use on 117
VAC; locks to the side of the TR-1 to make
it a combination AC/DC amplifier.

More! A plug-in relay permits the am-
plifier to be turned on or off from a remote
location, even from the microphone. There
is an output to feed a tape recorder. In

30-watt amplifier

addition to usual voice coil impedance
outputs, a 23V constant voltage output
makes adding or deleting speakers easy.
And the TR-1 can be used free-standing,
flush mounted, or with universal mounting
brackets to affix it to any convenient
surface.

THE TR-2 is a 30 watt amplifier in-
corporating all features and advantages of
the TR-1, plus some unique others. It has
two microphone channels; there are two
music inputs on a fader control; individual
boost-cut bass and treble controls; both
25V and 70.7V balanced and unbalanced
constant voltage outputs as well as voice
coil impedance outputs. There is space
on the TR-2 chassis for a drop-in AC-to-
DC converter. Provision has also been
made for a special plug-in relay that auto-
matically and instantly switches the am-
plifier over to a standby battery in the
event of AC power failure. This makes the
TR-2 a continuous-duty fail-safe amplifier
especially suited for applications where
uninterrupted communication is essential;
ideal as an “emergency control” sound
system. A combination cover and carrying
handle makes the TR-2 as neat and casy
to transport as a small portable typewriter.

Want more details? Send us the cou-
pon or, better yct, tisit your authorized
Harman-Kardon distributor and sce for
yourself.

HK-10N
P —————a— ———————— -———-cq
I Harman-Kardon, Inc. Desk Ew-6 |
! Commercial Sound Div. :
{ 55 Ames Court, Plainview, L.I,, N.Y. i
' 1
1 Rush me the full Troubador story. )
1 1
1 Name 1
' 1
1 1
| Address 1
1 1
1 city State ____;

&

A subsidiary of THE JERROLD CORPORATION

10 . CIRCLE NO. 120 ON READER SERVICE PAGE

ing this century., Here in Stockholm
there are thousands of car owners who
park their cars in the streets.

Normally T do not drive very much
during winter aud have my car garaged.
However, in order to test the new igni-
| tion syvstem T had my car parked in the
street a couple of nights and tried to
start it early in the morming. On these
occasions the temperature was between
—12 and =17°C (9 to 0°I), and each
time the engine started at the very first
turn of the key.

Goesta H. Senitt
Stockholm, Sweden
* o o
DIGITAL READOUTS
To the Editors:

I am writing with reference to the
article on “Digital  Readouts”™ which
appeared in vour February issue. Be-
ing the manufacturers of one of the
prodicts covered in the article, Nixie®
indicator tubes, we were very interested
in the comments made about our own
and competitive  devices. \While the
Larticle was quite comprehensive, the
[ author attempted not only to discuss
and describe the varions devices avail-
able. but also to evaluate them. It is in
this area that T feel T must write to von
to point out several conclusions which
were drawn which were not onlv mis-
leading, but actually inaccurate. 1 refer
specifically to page 34, paragraph 2, in
which the following sentences appeared:

“Nixies usually are reliable but have

a limited life, Numerals get dim,

don’t light up at once, flicker, or only

part of a number glows. The only

remedy s replacement, which s

simple since they phlug into a socket.”

In fact, of all of the attributes of the
Nixie tube, none is more outstanding
than its tremendous life. As an example
of this. we have subjected the Ultra
Long Life series of tubes to continuing
life tests which were started in Septem-
ber, 1958. We have particularly ana-
lvzed a group of 100 tubes which began
their tests at that time and have operated
to date (36,000 hours) with only one
electrical failure. This represents a
mean time Dbetween failures for this
type of 3,580,000 hours. Based upon
these tests, we predict with confidence
a life expectancy for Nixie tubes oper-
ated nnder normal conditions of 300,000
hours, Returns from customers indicate
that this prediction is realistic. Other
parts of the quoted statement, such as
dimming of light, partial illumination,
or flicker are not readily understood. As
far as the only remedy being replace-
ment, our customers report that long-
life Nixie tubes sometimes outlive their
equipment designs.

‘ Ricuary J. Brapy, Manager

| Advertising & Sales Promotion
\ Burroughs Corporation

| Plainfield, N. J. A
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What are you aiming at?

What are your objectives? Big pay? Job security? Sure. All of these. But, these are
the rewards of hitting the bull’'s eye. Can you see the real target? You've got to
see it to hit it. And, your efforts might ricochet if “fired” from the wrong training
program. Get “on target” with Grantham. Get your F.C.C. license and get it on
the first shot. Mail the coupon for details.

Accredited Member of the
National Home Study Council

Grantham Schools

Train through home study or at one of our
four convenient resident locations shown below:

1505 N. Western Ave, 408 Marion Street 3123 Gillham Read 821-19th Street, N.W.
Los Angeles 27, Calif. Seattle 4, Wash. Kansas City 9, Mo. Washington 6, 0. C.

(Phone: HO 7-7727) {Phone: MA 2-7227) (Phone: JE 1-6320) (Phone: ST 3-3614)
CIRCLENO,. 116 ON READER SERVICE PAGE
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HI-FI PRODUCT
REPORT

TESTED BY HIRSCH-HOUCK I.ABS
Audiotex Model B-206 Microphone
Eico ST70 Integrated Stereo Amplifier

Audiotex Model B-206 Microphone

For copy of manufacturer's brochure, circle No. 537 on coupon (page 15).

|
o

RESPONSE-DB
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M ANY popularly priced tape record-

ers arve supplied without a micro-
phone, or with a microphone of minimal
quality. The recordist who wants to
make “live” recordings needs a reason-
ably good microphone (ov two for
stereo). A recording, after all, can be no
better than the microphone used in mak-
ing it.

Professional quality microphones, of
which there are many. are very expen-
sive—often costing more than some tape
recorders. There is an intermediate cate-
gory of microphones, suitable for serious
amateur or semi-professional recording,
but these also are too expensive for many
hobbyists. Finally, there are low-priced
microphones of a better quality than
those usually supplied with inexpensive
recorders. The Audiotex Model B-206
is in this class.

Manufactured in this country by the
makers of the well-known Anierican mi-
crophones, the Audiotex unit is a ceramic
microphone, with a rated response of 40
to 12,000 ¢ps. It is in the form of a ta-
pered plastic cvlinder, with a clrome
end housing the element and diaphragm.
It can be hand-held or desk-mounted on
the clip-on stand supplicd with it. There
is also a neck cord for lavalier use. The
six-foot integral shiclded cable has a
molded phono plug on the end and an
adapter is supplied for plugging into the
phone jacks nsed on many recorders.

We tested the microphone by com-
paring its response to that ol our
calibrated Altec 21BR150 laboratory mi-
crophone, with both units fastened to-
gether as closely as possible. A wide-
range speaker syvstem was used as a

12

sound source. The resulting response
curve (with the microphone being tested
terminated in 0.3 megohm) shows a
response within = 5 db from 20 to 3400
cps. There is a peak at 3000 cps and
response falls off rapidly above 3000
¢ps. The sensitivity is such that a 90-db
sound-pressure level referred to 0.0002

dyne/cm.? (typical close-talking level)
develops about 10 millivolts output.

In listening tests, the microphone had
a crisp, rather bright quality. lts re-
sponse is suitable for many types of
home-recording applications. The peak
in the response, which gives the sound
its bright character, should make this
microphone very satisfactory for many
communications applications, such as in
amateur radio or Citizens Band stations.

The Modecl B-206 microphone carries
a list price of $16.50. A

Eico ST70 Integrated Stereo Amplifier

For copy of manufacturer's brochure, circle No. 38 on coupon (page 15).

HE Eico ST70 is an integrated stereo
amplifier, rated at 33 watts per
channel.

Tt is stvled to match the other recent
Eico high-fidelity components, such as
the STY7 tuner, ST84 preamplificr, and
RP100 tape recorder.

The ST70 has all the operating con-
venience and flexibility one could desire
in a stereo amplifier. There are inputs
for two phono cartridges, with 47.000-
and 100.000-ohm terminating resistors.
These are selectable from the front panel,
allowing the use of both a record changer
and a turntable in a system. There is
tape-playback equalization for hoth 7.5
and 3.75 ips speeds. The four high-level
inputs accommodate AM, FM-AM ster-
eo, FM multiplex stereo, and tape pre-
amplifier signals,

The mode selector can route either in-
put channel signal alone to its speaker,
channel 1 input through both speakers,

the sum of both channels through both
speakers, and of course normal and re-
versed-channel sterco. The halance and
level controls operate conventionally.
The tone controls are of the variable in-
flection point (feedback) tvpe giving
considerable control of response at the
frequency extremes without affecting
middle frequency response. The tone
controls are concentrically mounted on
the unit.

An arrav of seven slide switches selects
tape-head equalization for either 7.5 or
3.75 ips, tape monitoring operation,
loudness compensation, low cut filter,
high cut filter, speaker phase, and chan-
nel balancing. The latter is an interesting
feature, although its usefulness depends
on a very close matching of speaker char-
acteristics. In the balance position, one
input signal is fed to both channels, and
the output of one channel is reversed in
phase and combined with the other.

CONTINUOUS SlNE WAVE POWER PER CHANNEL WITH BOTH CHANNELS DRIVEN
! I L] 1T
1 MAXIMUM POWER OUTPUT ZBWATTST |

I

— L LT 1T
] I°/. HARMONIC DlSTORT!ON
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Who could possibly build
a genuine 3-way speaker system,
with LC dividing network and 5 pounds
of magnet, into a true Slim-Line
enclosure —for only $59.507?

You!

(with the Fisher KS-1 StrataKit)

A 10-inch free-piston woofer with 30-cps free-air
resonance . . . a 5-inch closed-back midrange driv-
er...a 3-inch super-tweeter . . . a combined magnet
structure weighing approximately 5 pounds...an in-
ductive-capacitive dividing network with heavy air-
core coils and crossovers at 1500 and 5000 cps . ..
a magnificent 18-by-24-inch cabinet only 534 inches
deep . . . plus lots of high-absorbency AcoustiGlas
padding.

That’s what goes into the only true Slim-Line
loudspeaker system you can buy in kit form.

What comes out? The kind of sound you’d expect
to hear from a $150 speaker system. How do you
do it? Simply by installing the driver units, connect-
ing the network and completing the preassembled
cabinet. How does Fisher do it? With ingenious
driver and crossover design and by balancing all

speakers at the factory for over-all smoothness of
response.

The Fisher KS-1 can be mounted on a wall, placed
in a bookshelf or allowed to stand on the floor. Legs
optional. Price, in unfinished sanded birch, $59.50.*

FREE! $1.00 VALUE! The Kit
Builder’s Manual: a new, illustrated
guide to high-fidelity kit construction.

The
Kit Builder's
Manaal
Fisher Radio Corporation
21-38 44th Drive
Long Island City 1, N.Y. -

Please send me without charge The Kit Builder’s Manual,

e essssssssssswessassssmmn

.
complete with detailed information on all Fisher »
StrataKits. :
Name H

n
Address 5

n
City Zone State i

07612:

The Fisher

®IN UNFINISHED WALNUT, $64.50. FACTORY-ASSEMBLEOD,

IN SANOED AND FINISHED BIRCH,
HIGHER IN THE FAR WEST. EXPORT: FISHER RADIO INTERNATIONAL, INC., LONG ISLAND CITY 1, N.Y. CANADA: TRI-TEL ASSOCIATES, LTD.,

CIRCLE NO. 114 ON READER SERVICE PAGE

$89.50. PRICES SLIGHTLY

WILLOWOALE, ONT.

$B84.50; IN OILED WALNUT,
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even the
picture tube
Is revolutionary...

SONY MICRO-TV — THE TELEVISION OF THE FUTURE

SONY CORPORATION OF AMERICA
580 Fifth Avenue, New York 36, N. Y.

Regional Offices
Western: 500 West Florence Avenue, fnglewood, Calif.
Central: 4959 W. Beimont Ave., Chicage 41. Il

There are many remarkable firsts in the new 25-transistor
SONY Micro-TV. Not the least of them is the unique pic-
tube tube, designed, engineered and manufactured by
SONY. Only by using 70° deflection—the first on a commer-
cial set—with a phenomenally low drain gun and radically
new phosphors, was SONY able to bring you unbelievable
picture quality. Yet Micro-TV is hardly larger than your
phone, and weighs a scant 8 Ibs. Micro-TV operates on re-
chargeable battery pack as well as 12v auto/boat power
and AC. $189.95. Re-
chargeable battery pack,
accessories extra.

ONY-

RESEARCH MAKES THE DIFFERENCE

?end me more information on the SONY MICRO |
V.

NAME I
ADDRESS I
cITY ZONE STATE

Sony Corp. af America. Dept. EW-6 580 Fifth Ave \N.Y, 36, N.Y.

CIRCLE NO. 140 ON READER SERVICE PAGE

NEVER FAIL—ZONE YOUR MAIL

The Post Office has divided 106 cities into postal delivery zones to speed mail

delivery. Be sure to include zone number when writing to these cities; be sure

to include your zone number in your return address—after the city, before the

state.
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When the balance and tone controls are
adjusted for exact equality of channel
response. there is a distinet null in the
audible output. However, if the speakers
difler even slightly in frequency response
or efficiency, this electrical null will not
produce a true acoustical balance.

The output stages, each using a pair
ol 7391 tubes, are rated at 35 watts (con-
tinuons) output at 1% IN distortion,
Euch output stage has its own fixed bias
adjustment and d.c. balance control. The
hias setting requires a d.c. voltmeter
capable ot reading 0.38 volt.

Our Tab measurements indicated a
maxinnun power output of about 28
watts per channel, with both channels
driven. Operating only one channel, we
measured 34 watts output, These were
measured at 1% harmonic distortion, at
1000 ¢ps. The IM distortion was very
low at normal listening levels, reaching
[ at 30 watts per channel output with
both channels driven. The power re-
sponse was very uniform, with substan-
tially full output obtained from 25 to
20,000 ¢ps. The volume control track-
ing was excellent, showing less than 1-db
variation over a 40-db control range.

The loudness compensation, while ef-
fective from a listening standpoint, can
provide some unexpected results. Switch-
ing off the loudness compensation with
the volume control at less than half its
maximum setting increases the volume
level considerably.

RIAA phono equalization was within

1.5 db from 30 to 13.000 cps. NAB
tape playback equalization (7.5 ips) was
accurate above 30 cps. but fell off helow
that frequency., The hum level, on all
Inputs, was very low (better than 80 db
bhelow 10 watts). The gain is suflicient
to develop 10 watts output from a 2-
millivolt phono signal, or a 0.23-volt
high-level signal.

In all respects, the ST70 is an excel-
lent. highly flexible amplifier, and a good
value at its price of $99.95 in kit form,

[ or $149.95 factory-wired. A

B8-OHM LOADS
5076000 CPS

“ DISTORTION

! Mhie.. SLESESH LS di-]
02 04’ 060810 20 a0 60

40 60800 20
POWER OUTPUT-WATTS
(EQUIVALENT SINE-WAVE)
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Please use the coupon at the bottom of this page to obtain more in-
formation about products advertised in this issue.

Simply circle the number on the coupon that corresponds to the
number at the bottom of the advertisement in which you are inter-
ested.

Additional information on items mentioned in “New Products & Lit-
erature” can also be obtained by following this same procedure.

PRINT your name and address on the coupon and mail it to:

ELECTRONICS WORLD
P.O. BOX 7842
PHILADELPHIA 1, PA.

Your requests for literature will be forwarded to the
manufacturers who will be glad to fill them promptly.

ELECTRONICS WORLD
P.O. BOX 7842 TOTAL NUMBER OF REQUESTS
PHILADELPHIA 1, PA.
Please send me additional information concerning the products of the advertisers
whose code numbers | have circled.
100 101 102 103 104 105 106 107 108 109 110 111 112 M3 114 115 116 17 118 119
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139
140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 139
160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179
NEW PRODUCTS & LITERATURE 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16
17 18 19 20 21 22 23 24 25 26 27 28 29 3 3N 32 33 34 3 3% 3y 38
39 40 41 42 43 44 45 46 47 48 49 SO S) 52 53 54 55 56 57 58 59 60
(Key numbers for advertised products also appear in Advertisers Index)
NAME (PRINT CLEARLY)
: ADDRESS
: CITy ZONE STATE
VOID AFTER JUNE 30, 1963 6
June, 1963
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In space -

In industry-

ES

In your own business-

You Have a Future in Electronics

Build a successful career now with RCA Training

Home Study or Classroom Training. Now, RCA and RCA
Institutes, Inc. offer you 22 authoritative courses in elec-
tronics to choose from—the widest range of courses in
their history! You can start to build a profitable career in
electronics right in your home, or, at any of five conveni-
ent locations across the country! Never beforz has superior
RCA electronics training been within such easy reach!

16

Complete Selection of Courses. Whether you are a be-
ginner or an advanced student, RCA gives you the kind
of technical instruction you want, tailored to your needs.
And, the very name “RCA” means dependability, integ-
rity, and scientific advance. It is recognized throughout
the world. RCA training, right now, can be the smartest
investment you ever make!

ELECTRONICS WORLD



RCA CLASSROOM TRAINING
IN NEW YORK CITY AND LOS ANGELES

RCA HOME TRAINING

INDUSTRIAL
TITLES

THIS IS THE
RCA TRAINING
THAT WILL
HELP YOU GET IT!

QUALIFICATION

Engineering Aide,

Lab Technician,

Field Service
Engineer,

Test Engineer,

Technical Instructor

Electronics
Technology (T-3)

High School Grad
with Algebra,
Physics or Science

THIS IS THE
RCA TRAINING
INDUSTRIAL THAT wiLL
TITLES HELP YOU GET IT! QUALIFICATION

Radio aligner,

Radio-Electronic

8th Grade

Electronic Technician,
Field Technician,
Computer Technician,
Broadcasting
Technician,
Customer Service
Engineer,
Instrument Technician

Industrial and
Communications
Electronics (V-7)

2 yrs. High School
with Algebra,
Physics or Science

TV Serviceman,
Electronic Tester

Electronics and
Television Receivers
(v-3)

2 yrs. High School
with Algebra,
Physics or Science

Repairman, Fundamentals

Tester

Black & White Television Servicing | Radio Background
TV Service
Technician

Color TV Service Color Television Black & White
Technician Television

Automation Automation Radio or Electronics
Technician Electronics Fundamentals

Transistor Circuits
Specialist

Transistors

Radio or Electronics
Fundamentals

Transistor Circuits
Specialist

Transistors

Radio background

Junior & Senior
Detail Draftsman

Electronic Drafting
(v-11, V-12)

2 yrs. High School
with Algebra,
Physics or Science

Transmitter

Communications

Radio or Electronics

Technician, Electronics Fundamentals
Communications

Specialist
Junior Electronic 8th Grade
Draftsman Drafting
Coder, Computer High School Grad
Programmer, Programming plus 1-year
Analyst business experience

Color TV Service Color Television Television
Technician background
Industrial Electronic Automation Radio and Transistor
Technician Electronics (V-14) Background
Technical Writer Technical Writing Electronics
background
Computer Digital Radio and
Service Computer Transistor
Technician Electronics (V-15) Background

Console Operator,
Junior Programmer

Computer
Programming (C-1)

College Grad or
Industry sponsored

Radio Code Radio Code 8th Grade
Technician
Preparatory Preparatory Math 1 yr. High School
& Physics (P-1)
Preparatory Preparatory 1 yr. High School

Mathematics (P-OA)

e Free Placement Service. RCA Institutes graduates are
now employed in important jobs at military installations
such as Cape Canaveral, with important companies such
as IBM, Bell Telephone Labs, General Electric, RCA, and
in radio and TV stations all over the country. Many have
opened their own businesses. A recent New York Resident
School class had 93% of the graduates who used the
FREE placement service accepted by important elec-
tronics companies, and had their jobs waiting for them
on the day they graduated!

Note: 3 additional locations. RCA Technical Institutes offers
a limited selection of basic resident schoo! courses in Elec-
tronics in Chicago, Philadelphia, and Cherry Hill, N. J. (near
Camden). For complete information write the name of the
city of your choice on the attached postcard.
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e Voluntary Tuition Plan for Home Training Courses.
This plan affords you the most economical possibie
method of home study training. You pay for lessons only
as you order them. If, for any reason, you wish to inter-
rupt your training, you can do so and not owe one cent.
No other obligations! No installment payments required!

® You get Prime Quality Equipment. All kits furnished
with home-training courses are complete in every respect
and the equipment is top grade. You keep all the equip-
ment furnished to you for actual use on the job, and you
never have to take apart one piece to build another!

SEND POSTCARD FOR
FREE ILLUSTRATED
BOOK TODAY! SPECIFY
HOME STUDY OR
NEW YORK OR

LOS ANGELES
RESIDENT SCHOOL

RCA INSTITUTES, INC. oe. ew.s3

A Service of the Radio Corporation of America,
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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Can you find
another kit that
offers so much

for 399959

¢ o) e e

EICO ST70, 70-WATT STEREO AMPLIFIER

Beyond the performance level of these two units, possible improve-
mert is merely marginal and very expensive. That's why with
EICO’s ST97 and ST70 you strike the optimum balance of cost and
performance—each costs less than $100 as a kit. You can also get
the ST70 and ST97 factory-wired for $149.95 cach—and you couldn’t
find comparable wired units at the price.

If high power isn’t your primary need, you can get superb sound
for cven less with EICQ’s ST40, the 40-watt counterpart of EICO’s
outstanding ST70. The ST40, essentially equal to the ST70 in all but
power, costs $79.95 as a kit, $129.95 factory-wired.

ST70 DATA: As the center of your stereo system, the ST70 accommodates
all program sources. It e¢ven has separate inbuts for both turntable and
record changer, preamplified tape signals and tape head with correet equali-
zation for both fast and slow tape speeds. A center channel output feeds
direstly on a center channel speaker or. where desired, extension speakers
threughout your house without any additional amplifier. Critical parts —
filter capacitors, rectifiers, output tubes—all operate well below their ratings
to assure long. trouble-free life. Oversize output transformers deliver full
rated Power all the way down to 30 cps. . .. And as a kit builder, you'll like
the spacious layout. We got rid of all those tight places. Kit $99.95. Wired
$146.95 (includes metal cover).

SPECIFICATIONS ST70 Output Power: 70 watts (continuous sine wave
35-watts per channel) IM Distortion: 19% at 70 watts. Harniwonic Distortion:
less than 19%. Frequency Response: +Y» db 10-50,000 cps. Inverse Feedback:
17 db. Stability Margin: 10 db. Hum and Noise Level:* mag. phono —63 db:
tape head —54 db: tuners, auxiliaries —78 db. (all measurements according
to 1HFM standards.)
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Can you find
another kit that
offers so much

for $99959
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EICO ST97 FM STEREO TUNER

ST97 DATA: Building the ST97 I'M stereo tuner requires no instruments, no
critical adjustments. The front end and Il stages are fully pre-wired and pre-
aligned. The tunable eoils of the stereo demodulator are factory-adjusted.
With four II stages plus a stable, sensitive front end, the ST®7 pulls in
clear stereo even under fringe conditions, and EICO's filterless zero-phase
shift stereo detector (patents pending) maintains reliable channel separa-
tion. EICO’s unique traveling tuning eye makes tuning simple and precise.
Stereo stations are automatically identified by a pilot light. Semi-kit $99.95,
Wired $149.95. (Includes metal cover and FET.)

SPECIFICATIONS ST97. Sensitivity: 3uv (30 db quieting), Sensitiviiy for
phase-locking (synchronization) in sterco: 2.5uv. Full limiting sensitivity:
10uv. Detector Bandwidth: 1 megacycle. Signal-to-Noise Ratio: —55 db.
Harmonic Distortion: 0.6%. Stereo Harmonic Distortion: less than 1.5%".
IM Distortion: 0.19%. Frequency Response: +1 db 20 cps-15 ke. Cepture
Ratio: 3 db. Channel Separation: 30 db. Controls: Power, Separation. FM
Tuning, Sterco-Mono, AFC-Defeat (all measurements to IHFM standards).
“Actual distortion meter reading of derived left or right channel output
with a stereo FM signal fed to the untenna input terminals.

See these superb components at high fidelity dealers everywhere. For FREE
32-page catalog, 36-page Sterco Hi-I'i Guide (enclose 25¢ for handling) and
dealers name, write: EICO ELECTRONIC INSTRUMENT CO. INC.,
3300 Northern Boulevard, Long Island City. New York. Export Dept.:
Robusn Agencies Inc., 431 Greenwich Street, New York 13, N. Y. EW-6

HFT-90 FM TURER
kit $29.95 wired $65.95

DI e e

CPEoons

MFS.6 TWAY,
3.SPEAKER SYSTEM

RP 100 STERED TAPE DECK

Add 5% in West. semit 529995 wired $399.93 kit $32.50  wored $62.50
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The New York metronolitan area is « good choice for evaluating many w.h.f. proovlems. between the
Empire State Bldg. (c¢h. 31) and George Washington Bridge (ch. 77) lies u unique density of tal. bhuildings.

HOWWILL U.H.F. TVAFFECT YOU?

By SIDNEY C. SILVER, Service Editor
The coming ultra-high boom may push out v.h.f. altogether. How will
TV coverage be affected? Will present viewers gain or lose? A variety
of techniques, including the use of translators, holds great promise.

ILL T still be able to enjoy mv favorite TV shows

‘/ \/ a few years from now—or will “Gunsmoke” vanish

in a puff of snow? Millions of TV viewers have

started asking questions like this one since passage of the

“all-channel TV bill” by Congress last year. Briefly, the law

mandates that every TV set made in this country, beginning

curly next year, must have the capability of receiving u.h.f.
transmissions.

Ensuing events will then resemble this mixed chain of
virtual certainties, high probabilities, and strong possibilities:
Traditional patterns of TV broadcasting, as we now know
them, will change. The u.h.f. band will become the pre-
dominant transmission vehicle and, if strong pressures al-
ready building take effect, it will end as the only vehicle.
The military and other public and private agencies, starved
for spectrum space, eye present v.h.f. TV allocations hun-
grily. As now constituted, the FCC tends to regard their
eventual abandonment by TV with favor.

If the last likelihood materializes, the impact of w.h.f.
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will be all the more profound. It will portend a direct effect
on all present v.h.f. viewers. Will changes be for the better
or for the worse? The question begets manv others, some
dealing with receiver installations (the sets themselves, con-
verters, antennas, and associated costs). But these are sec-
ondary to propagation problems. No one can get a signal
unless it’'s there to be taken. Can u.h.f. signals, then, be
stretched us far as those on v.h.f.? Notwithstanding certain
well publicized difficulties, there is much encouraging evi-
dence already on hand, based on experience.

Propagation Differences

Problems arise from the fact that, as frequency is increased,
radiated siznals show important changes in propagation be-
havior. They tend more to follow straight lines and less to
bend around obstructions. Also, for a given amount of ra-
diated power, the higher frequency will begin to dissipate
more rapidly as it travels away from the antenna. In other
words, the area surrounding the transmission point that can
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be covered with good w.h.f. signals would make a smaller
circle than that described at v.h.f. The latter characteristic,
of greatest concern to the fringe or border-line viewer, gives
the impression that a switch to w.1nf. will rob him of reception.

The tendency to follow an unbending, straight-line path
is of greatest concern to the metropolitan viewer. He may
be quite near the transmitter site, where signal generally
abounds, but, if he happens to be behind a tall building or
other structure (in area A or B of Fig. 2), his share of the
signal will be blocked off. He is in a hole, or shadow area.
This obstruction cffect may be produced by other man-made
structures and, as well, by such natural formations as hills
and mountains, or even trees and foliage.

Filling City “Shadows”

If some of the signal, or another signal carrying the same
program material, is beamed toward the same general area
from another angle (the hill to the right in Fig. 2), this
viewer’s problem is solved. Such measures have, in fact,
been tested and are in use todayv. Their technical and eco-
nomic feasibility has been established. The alternate source
we have identified loosely as a “secondary radiator” may be
one of several things, depending on the situation, but one
or more of them can work.

One of the more recent and better publicized applications
of the general technique was part of the extensive testing
of metropolitan uw.h.f. reception in New York City. The
transmitting antenna of channel 31 was placed atop the
Empire State Building (Fig. 1). Northeast of this point lies

PRIMARY SECONDARY
RADIATOR RADIATOR

Fig. 2. Shadow areas (A, B) blocked to signals from the left
can obtain identical service from another, secondary radiator.

Fig. 3. Adler translator installation at east end of G. Wash-
ington Bridge faces fabled New York skyline, in background.

the heavily peopled “canyon arca” of Manhattan, which
has earned its name from the density of tall buildings that
contribute to the istand’s impressive skyline—buildings that
produce numerous holes or shadow areas for signals from
channel 31.

An Adler translator installed on the George Washington
Bridge is high enough to intercept plenty of good, unob-
structed signal—and beam it right back into the problem area
from another direction, on channel 77. Because of the nar-
row beamwidth of its own transmitting antenna, it can hurl
abundant signal into the holes with very little power. A 100-
watt transmitter does the job. The complete installation is
shown on the bridge in Fig. 3. The skyvline in the background
includes the Empire State Building, from which the original
signal emanates. A translator, which combines a receiver
with an other-channel retransmitter, is not the only device
that can be used. Before alternate solutions are discussed,
however, other problems and other variations of the basic
approach merit a careful review.

Getting Distance

These hole-filling measures, however, do not do the viewer
in outlving areas much good—or do not seem to. How will
he fare in a w.h.f. world? For example, set owners in Smith-
town on Long Island (Fig. 1), lying east of Manhattan,
presently enjoy the full complement of v.h.f. pleasure on
seven channels originating from Manhattan. The same ap-
plies to their brethren in Connecticut, say in Stamford, north-
east of the transmitting site. The chief, present difference
between these people and city dwellers is that the suburban-
ites generally need Detter antennas for similar results. Much
has been made of the fact that, on u.h.f.) signals would
evaporate before reaching these outlving points. But the
“fact,” in reality, is only a half-informed assumption.

Legal limitations can be as formidable as technical ones,
and w.h.f. does not suffer from some now holding back v.h.f.
The FCC has had to limit each user of one of the dozen,
scanty v.h.f. TV channels so that he will not infringe on
others who share his frequency. There is a top limit on effec-
tive radiated power vs. antenna height. A 500-ft. antenna.
for example, cannot exceced 100 kw., e.r.p. on a low-band
v.h.f. channel. With an isotropic radiator—an omnidirectional
transmitting antenna—the line of Grade B coverage would be
a circle whose radius is 57 miles. (This coverage designation
is not an absolute standard of signal quality, but a convenient
assumption, worked out in a prescribed way, for setting
propagation limits.)

With the same antenna height and e.r.p., a high-band
v.hif. transmission would rate as Grade B only 46.5 miles
out, and the w.h.f. signal would have that rating only to 32
miles. But, since maximum allowable e.r.p. increases with
frequency, the u.h.f. station could legally develop up to 5
megawatts! This would move the Grade B coverage line to
56.5 miles, practically corresponding to that for the low-band
v.h.f. station. This possibility is often overlooked.

Making full use of this capability, however, will not always
be practical. At very high powers, transmitter costs multiply
alarmingly, especially in terms of the extra coverage achieved.
Something else is more likely to happen. There will be some

Fig. 4. Transmission from tower at left is picked up atop hill, reradiated toward town in “hole’ on the other side.
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Fig. 5. Multi-hop method: three secondary radiators in tandem carry signals from primary source across impressive distances.

increase in power, short of the legal maximum. If a present
v.h.f. broadcaster in New York, for example, should have
to go u.h.f., he might step up power enough to reach not
only Stamford, Conn., 32 miles away, but Smithtown on
Long Island, over 40 miles out, and even points bevond.
(Also assisting distant viewers is an enconraging fact about
receiving antennas. For the same approximate size and cost,
a uwh.f array will be able to include many more elements
and have noticeably better sensitivity than a v.h.f. unit.)

For verv distant areas a broadcaster now reaches, it may
be cheaper to use additional, low-power transmitting sites.
Besides, simply making his isotropic radiator more powerful
will still leave many populated shadows unfilled while sig-
nal is indiscriminately lavished on other, uninhabited areas.
Such waste can be avoided with the selective usc of second-
ary radiators of the general type noted in Fig. 2.

Proof of Experience

The foregoing statement is more than a theoretical as-
sumption. The fact is that there are hundreds of such radi-
ators now picking up and redistributing TV signals to millions
of otherwise deprived viewers with little fanfare but great
success. There are about 400 uw.h.f. translators alone (com-
pare this with 650 regularly allocated TV broadcast stations)
serving about 2 million people. In most cases, they redis-
tribute signals that were born on v.h.f. Let’s see how adroitly
theyv can be used.

In the simplest case, the secondary distributor of Fig. 2
is simply turned around to beam signal farther out, instead
of back in. This is the case in Fig. 4, where an outlying town
is in the shadow of a hill. The method is economical enough
to be feasible for rclatively small groups of people. The
modest installation in Fig. 7 is aimed at a small community
in a valley, from which ordinary transmissions are cut off
by sirrounding high ground.

Possibilities do not end with such modest applications.
It is technically and legally feasible to set up a chain of
secondary radiators, with one feeding another (the so-called
multi-hop system of Fig. 3) to cover impressive distances.
Consider an actual case in Minnesota (see map of Fig. 6).
Signals from a large TV station in Duluth are picked up in
the city of Virginia, about 50 miles away, and radiated lo-
cally. Virginia signals, however, are then picked up in Orr,
more than 40 miles away, for local rebroadcast. The next
link in the chain is Kabetogama, 30-odd miles to the north-
west. Another jump of more than 20 miles brings Kabetogama
signals to International Falls, at the Canadian border. Two
antennas in the last community beam signal to two areas of
population concentration. Here, dwellers near the border
have no trouble picking up and viewing programs that origi-
nated in Duluth, more than 140 air miles away.

Nor is that the end of it. Duluth is a two-station market.
Each of the stations here (KDAL and WDSM) is operating
its own translator in the northeast corner of the state to serve
the towns of Grand Portage and Grand Marais. In this way,
a single locale serves a very large portion of a good-sized
state, with half a dozen secondary radiators. In this case.
all of the latter happen to be translators. Before considering
these devices as such, let us consider a few more of the
many possible configurations.
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There are two whtf stations in Peoria, TlI., WTVH and
WXNBD. Thev have installed translators in La Salle, about
50 miles northeast, to serve the latter community. It is not
unusual to see a translator “farm,” consisting of two or more
such devices at a single site to provide a town with more
than one station. The madest structure in Fig. 8 is located
in Blythe, Calif. Tt picks up the three network stations in
Phoenix, Ariz on channels 3. 19, and 12 with the two v.h.f.
receiving arravs shown. Inside the shelter are three trans-
lator racks. each radiating through one of the u.h.f. transmit-
ting antennas shown, for the benefit of local listeners.
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Fig. 6. Duluth signal, in four jumps, gets as far as a Cana-
dian border community akout 140 miles away, with techmique of
Fig. 5. Other faxilities serve Grand Marais and Grand Portage.

Fig. 7. This translator's u.h.f. ontenna [(mounted on arm)
shoots into deep valley at Yesemite National Park, bringing
TV to a signakblocked community of forest-ranger families.
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RECEIVING, V.H,F

TRANSMITTING,
U.H,F,

Fig. B. Two arrays pick up three v.h.f. network stations
from Phoenix, Ariz., redistribute strong signals via three
transiators to local residents. The site: Blythe, California.

SECONO_ U.H.F,
AMPLIFIER

UH.F u FIRST V.H.F,
PRESELECTOR MIXER AMPLIFIER MIXER

l |

T

FIRST SECONO
LOCAL LOCAL
OSCILLATOR OSCILLATOR

Fig. 9. Adler u.h.f.-to-u.h.f. translator in block diagram.
Simpler v.h.f.-to-u.h.f. operation omits first three blocks.

While the usual “farm” serves a single community, the
originating signals need not all come from the same place.
For example, the citizens of Dubngue. lowa will soon enjov
clear viewing on three stations from a farm now nnder can-
struction. Two of the stations cooperating in this venture
are about 60 miles southwest, in Cedar Rapids. The other
is more than 80 miles to the west of Dubugue, in Waterloo.

Repeater Equipment

It is clear that the ability to bring w.hif. signals wherever
they are wanted not only exists but has passed the test of
experience. But will it he practical to make use of the tech-
niques? By their nature, secondary propagators serve lim-
ited populations. Do they make cconomic sense? For an
answer, we must first evaluate the types of devices that can
provide auxiliary coverage.

The most obvions solution is the satellite—a regnlar broad-
cast station, albeit a modest one. It relies on affiliation with a
network or larger independent station for most of its pro-
gramming, but can substitute shows and commercials of
local origin and interest to help pay its own way. Channel
allocations are available—on u.h.f.

To date, attempts to establish satellites have not been
very successful, Since the scarcity of u.h.f. receiving equip-
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ment has been a factor, such operations will doubtless become
more common when all-channel sets are widely used, but
other drawbacks will stifl exist. The most modest separate
station takes a sizable investment in original equipment and
continning operating costs—including salaries, since a station
nust be manned.

The hooster-repeater eliminates personnel costs. This is
a same-frequency rcluy that receives {on one antenna), .
plifies, and retransmits (over another antenna) to the desired
area. It copies the master station’s signal exactly, but cannot
originate programs. There are legal strictures on this prac-
tice, but also technical ones. The two antennas mnst be well
.\'('p;u‘utc(l, or feedback from one to the other can set mp
effects that do more harm than good. Aside from interaction
of the antennas, some arcas will receive both the original
and the repeated signals in different phase. resnlting in ghost-
ing and cancellation. Some people wonld then be deprived
of good reception although others benefit.

Translators are repeaters that alwavs retransmit on an-
other channel. If the received signal is on v.hf it is ampli-
ficd on channel, then heterodyned with a local oscillator
to n.hf.. passed throngh a power amplifier. and fed to a
transmitting  antenna. Snch a svstem comprises the four
blocks to the right in Fig, 9.

If the original signal is nhf.. it is stepped down to v.hii.
for prewnmplification hefore transkution. The h.f-to-u.h.f.
chain is completed by adding the three hlocks to the lelt
in Fig. 9. The entire clectronics of a basic, 20-watt translator
fits into a rack the hetght of an average man. The ouly
needed additions are a shelter for honsing and the antennas.

The UST-20. made by Adler Electronics. Ine., is shown in
Fig. 10. Blank panels are filled with the first three blocks
of I9ig. 9 in all-uht models. \Where higher power is requived,
a companion rack of the swne size is placed heside the
UST-20 to make np the 100-watt UST-102. Such a pairing
in fact. is the heart of the channel-77 repeater in New York
shown in Fig. 3.

Use of another frequency for retransmission not only
avoids the introduction of interference problems. bat pro-
vides an extra weapon against them. Consider the channel-31
transmitter and channel-77 translator in New York City (Fig.
1). Plentiful signal from hoth sonrces will he available in
many locations throughout the citv. Mospitals. industrial eon-
terprises, and other possible sonrces of interference abomie.
Simply by rotating their tuning dials, Targe numbers of view-
ers will be able to choose hetween two versions of the same
signal transmission for the clearest reception.

Operation

Being antomatic. the translator is not manned. Ontpnt
frequency is crvstal-controlled to FCC standards, Flat band-
width across 6 me. maintains relative carrier amplitudes as
long as the original source does. Steep-sided response elimi-
nates off-channel interference problems. An a.goe. system
maintains outpitt within =1 db even in the unlikely event
that received signal varies as much as =15 db,

A.gce. is also nsed for auntomatic on-off control. When
reecived signal goes off the air. the translator is cnt off and
draws only a small amonnt of standby power. The return
of received signals tirns it on again, The translator may also
he controlled remotely.

It has its own call letters (e.¢., K7T4AL. signifving chan-
nel-74 operation). but the viewer does not know them. For
identification by such agencies as the FCC, they are ampli-
tude-modulated in code by an automatic timing device dur-
ing station breaks. Rejected by the receiver’s FM somnd
sustem, they are inaudible to the viewer, who will only see
them as momentary streaks while the original station identi-
fies itself.

Adler uses as many commonly available tube types as

(Continued on page 78)
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Emploved mainly in sound reinforcement public-address
applications, this particular tyvpe of svstem provides
concentrated sound coverage and at « moderate cost.

By GEORGE L. AUGSPURGER

WO or three vears ago the use of colunmm loudspeakers

I in sound reinforcement work was almost unknown in

this country even though such units had been popular
in Europe for some time. Philips of the Netherlunds (Norelco
in the U.S.) is oue of the leading users and manufacturers of
this type of speaker system, having several commercial models
available and numerous successful installations to its credit.
No one knows why the idea took so long to catch on in the
United States, or why, once it did, the surge of interest was
so rapid. Part of the answer lies in the fact that there is today
considerable popular interest in audio equipment and in
quality sound reproduction.

A person used to high-quality sound at home and at movie
theaters is able to tell immediately that what nsed to be
called “p.a. quality”™ does not usually sound right—it does not
sound like the real thing.

But there are difficulties in achieving natural-sonnding
voice reinforcement which the average person—even the

average high-fidelity enthusiast—does not usually appreciate.
For one thing, the acoustics of an auditorium may preclude
intelligibility whether electronic amplification is used or not.
Also, the necessity of having microphones and loudspeakers
close together in the same room gives rise to a number of
rather frustrating problems, the most obvious being the fa-
miliar p.a. howl.

To keep microphones and loudspeakers from interacting,
they mnst allow some control over the direction in which they
pick up or project sound. We have had directional micro-
phones tor vears: bi-directional ribbon mikes, unidirectional
cardioid mikes, and, recently, extremely directional “shotgun”
mikes. But loudspeakers have not received the same degree
of attention. There were the verv-high-quality horns made by
Altec-Lansing, JBL, and others, which offer a variety ol
directional patterns, but the audio specialist designing an
economical mstallation did not have much choice. This gap
has now been filled by a variety of column loudspeakers
offered by a number of manufacturers, such as Argos, Atlas,
Bozak, Electro-Voice, Jensen, and Unicersity.

Basic Principles

The basic principle of the column loudspeaker isn't hard
to understand. We know that, in general, the Targer a sonnd
source. the more directional it is. But, to be technical about
it. size must not be measured in inches or centimeters; to a
sound wave, size is always measured in relation to wave-
length, And this of course means that a reproducer of con-
stant physical size may be very large compared to a short

b Fig. 1. Column loudspeaker directly above
v the lecturer will produce good audience
coverage aiong with natural localization.




LOW-FREQUENCY ©.. .
REPRODUCTION IS .
NON-DIRECTIONAL  * .

HIGH FREQUENCIES
ARE CONCENTRATED
IN NARROW BEAM

Fig. 2. Ordinary cone-type specaker is non-directional ot low
frequencies, but increasingly directional ot higher frequencies.
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Fig. 3. Tall, thin “line radiator’’ concentrates sound into o fan-
shaped beam with wide horizontal and narrow vertical coverage.

(high-frequency) wavelength, while at the same time it is
very small compared to a long (low-frequency) wavclength.
For example, an ordinary 12-inch cone loudspeaker
mounted in a closed box will radiate in all directions at 100
¢ps, but beging to beam the sound at frequencies above 1000
cps (Fig. 2). A 100-cps wavelength is about eleven feet long
—large compared to the speaker cone—while at 1000 cps the
wavelength and the cone diameter are about the same.

If the speaker hehaved as a perfect piston, the sound
energy would tend to be more and more directional at higher
and higher frequencies. In practice, this is offset to some
degree by the fact that the speaker cone breaks up and only
the central portion reproduces the treble range.

Since the ordinary speaker cone is round, its sound dis-
tribution pattern is essentially symmetrical. If we had a sound
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source which was quite narrow, but several feet high (a “line
source”) | distribution in the horizontal plane would be spread
over a wide angle while its vertical distribution would be
concentrated in a narrow beam (Fig. 3).

Suppose that instead of one fairly large speaker, we con-
sider a group of smaller units arranged in a vertical column,
as in Fig, 4. The horizontal dispersion of such an array is, as
we would guess, about the same as that of one of the in-
dividual speakers. But the vertical coverage is much nar-
rower because all the cones move together and the array be-
haves as a single source. If the colunm is made up of five
6-inch speakers spaced as close together as possible it will be
one wavelength high at about 350 cps, while it is not one
wavelength wide until the frequency reaches about 2200 cps.
Between these two limits, we can therefore expect wide hori-
zontal and narrow vertical sound distribution.

If such a sound column is hung directly over a lecturer’s
podium, considerable sound amplification can be beamed at
the audience without spilling over into the microphone (Fig.
1). A single source of amplified sound directly over the live
performer is the ideal arrangement for natural-sounding re-
inforcement; both sources are localized by ear at about the
same position, and they are the same distance from the audi-
ence so there is no problem of time delay.

There are additional advantages to the sound column. An
array of speakers has greater power-handling capacity (and
thus greater dynamic range) than a single speaker, even one
of somewhat larger cone size. Also, a group of six to ten good-
quality cone loudspeakers is less expensive than a top-notch
horn-driver combination. And the slim, shallow configuration
of a column makes it easy to conceal without “building in.”

Column Refinements

But for a sound column to approach the quality and con-
trolled directional characteristics of a good multicellular horn,
or horn and acoustic lens, it must be refined beyond the point
of a group of identical speakers connected in parallel.

Remember, the line source tends to become increasingly
directional at higher and higher frequencies. This means that
beam width is not constant—it may become so narrow in the
upper voice range that the audience canmot be covered with
one or two columns. Also, the fact that the individual loud-
speakers in the column are necessarily separated from each
other results in interference which can degrade both the fre-
quency response and the directional characteristics of the
arrav. Instead of concentrating the sound in a single direction,
additional beams of energy are actually produced, as shown
in Fig. 5.

What is needed is some way to make height of the column
automatically change with frequency, so that its size with
regard to wavelength remains constant. It should be half as
high at 2000 cps as it is at 1000 c¢ps, and so on. In practical
terms, the center speakers should be the only ones to re-
produce the full frequency range; the upper limit of the
other speakers must be restricted more and more toward the
top and bottom of the column.

This is called “tapering.” It can be done by feeding the
speakers throngh clectrical filters, by placing acoustic filters
in front of certain speakers, or by using speakers with differ-
ing high-frequency limits.

The last-named method is used by Unicersity in three com-
mercial sound columns made by them. The speakers in the
center of the column have wide-range response, but the
treble response of those at the top and bottom is deliberately
rolled off. At progressively higher frequencies, fewer speakers
reproduce the signal—the column is effectively shortened and
vertical coverage remains substantially uniform.

The acoustic filter method of tapering has been suggested,
although it is not available commercially. This was described
in a paper by David L. Klepper and Douglas W. Steele at the
1962 annual Audio Engineering Society meeting. As shown in
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Fig. 4. Simple column-lovdspeaker configuration. All the
speakers are identical and connected together in phase.

—

Fig. 5. Vertical distribution graph of a simple column loud-
speaker showing unwanted lobes occurring at certain frequencies.

//%60

Fig. 6A, a group of identical speakers is employed, but glass-
fiber wedges are placed in front of the array. The thicker the
wedge, the greater its high-frequency absorption. The result
of this increased absorption is a smooth gradation of effective
length in proportion to wavelength.

Other Techniques

Jensen adds a further refinement in its imits by designing
what amounts to two sovmd columns side by side—a low-fre-
quency column and a high-frequency colunm—fed by a stand-
ard 2000-cps crossover network (Fig. 6B). Individual groups
of speakers in cach of the two columns are comnected through
high-frequency roll-off filters. Thus the frequency range han-
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dled by the colimn is broken into two bands, each reproduced
by its own in-line array. And cach array is electrically tapered
to maintain uniform sound distribution.

Straight-line arrays usually have a vertical coverage angle
of about 30 degrees. Theoretically, this could be made smaller
or larger, but when other factors are considered, and practical
components employed, this is the way that things work out.
Now 30 degrees is fine in many installations, but where speak-
ers must be located quite a distance above the performers
(a theater, say, with a high prosceninm opening) or where
the audience area is especially deep, it may be necessary to
use several sound columns, tipped at different angles, to give
satisfactory coverage.

Electro-Voice makes two sound columns especially de-
signed to provide a greater vertical coverage angle than the
straight-line radiator, yvet with directionality still highly con-
trolled. These sound columns are curved-line arrays in which
the speakers are mounted in a concave configuration rather
than a straight line. The vertical coverage of the curved-line
radiator is about 60 degrees, so it can be used in cases where
two sound columns would otherwise he needed.

The fact that such a number of variations on the basic
sound column are now available attests to the versatility and
popularity of these devices. But they inevitably have their
limitations and the audio specialist should keep in mind that
the sound column is not the ideal loudspeaker for all appli-
cations.

For one thing, neither a sound column nor anything clse
will change a reverberant gym into a concert hall. Sound
columns, like other directional loudspeakers, tend to mini-
mize reverberation and feedback by beaming sound encrgy
toward the audience, where it is largely absorbed. But there
is inevitably some “spill” and it the room is substantially an
echo chamber, bare intelligibilitv may be the most which can
be achieved. The author has seen architectural consultants
spend dollars and hours diddling with directional microphones
and odd-looking clusters of speakers when a single stamp ot
the foot or snap of the fingers would establish that some

(Continued on page 76)

Fig. 6. (A) Column loudspeaker with acoustic filter for taper-
ing. (B) Configuration of Jensen “Calstar’’ column speaker.
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RECENT DEVELOPMENTS in ELECTRONICS

Log-Periodic Tracking Antenna. (Left} A “porcupine” antenna array
consisting of log-periodic dipoles has been developed by Collins Radio to
accurately track and monitor low-level earth satellites. Operating in the
30- to 300-mc. range, the antenna can acquire and lock in on a signal in its
frequency range from any object passing above the horizon. Beamwidth is
in the order of 30-35 degrees. . . Laser Communications System.
(Below) A laboratory model of a system that transmits and receives TV pic-
tures on a light beam generated by a laser was demonstrated by General Tele-
phone & Electronics Corp. Video from the TV receiver in the background was
used to modulate a 3000-mc. microwave subcarrier. This signal was then am-
plified by traveling-wave tube amplifiers and used to modulate the intensity
of the radiated laser beam. The modulated light beam was picked up a short
distance away by a special photodetector, amplified, video detected, and
then applied to the TV monitor beside the scope. By using a large number
of microwave subcarriers on the same beam, it should be possible to pro-
vide a communications system with a theoretical capacity of about 16 times
that of our entire present broad-band point-to-point microwave radio system.

B ralurin

Color TV Projector. (Above} The new
large-screen television projector shown
here uses only two light beams (green
and magenta) instead cf the usual three
primary colors (red, green, and blue)
to produce a fuil-cover image. This
two-beam projection technique, used in
General Electric's “Talaria” unit, sim-
plifies problems of color registration.
The new projector will be used by the
National General Corp., a 220-theater
movie exhibitor, in a nationwide pay
theater-television network. Formerly, most
color systems were iimited to small
screens. With the new projector, dis-
play of color TV pictures having ade-
quate brightness is possible on full-
sized (25 by 33 foot} theater screens.
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Plastic and Liguid Lasers. (Above
right) Laser action has been achieved by
use of clear plastic fibers containing
traces of europium, a rare earth. The
fibers are placed in a liquid nitrogen
filled dewar and exposed to intense
flashes of ultraviolet light from a xenon
flash lamp. The energy from the light
is transmitted by the transparent poly-
mer plastic fibers to the europium atoms,
causing them to emit bright flashes
of coherent red light. Developed by
RCA Laboratories, the technique may
lead to low-cost lasers that can be
mass-produced in fiber, sheet, or molded
form. Lasing action has also been pro-
duced at laboratories of the General
Telephone & Electronics Corp. by a
europium compound dissolved in alco-
hols. The solution is poured into a
quartz tube (below right), cooled to
—130°C, and pumped by a flash tube.

Light-Operated Transistors. Scientists at IBM's Research Center are examin-
ing a photomicrograph showing the three-layer structure of a new optical transistor.
In operation, electricity is converted to light at one of the junctions between
layers. The light travels across the middle or base layer and is reconverted into
electricity near the second junction. Since light travels through the middle layer
so rapidly, the optical transistor operates at very high speed. The material used
for the experimental transistor is gallium arsenide. Note that while the energy
is actually carried by the light, the input to the transistor is an electrical signal
as is its output. The transistor at the right, however, is a phototransistor. In this case,
light shining on the device produces a voltage that is amglified by transistor action.
The unit shown is a new Fairchild Semiconductor phototransistor, type 2N2452.
Sensitivity of the transistor, available at about $27, has been increased recently.
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By M. R. MAYFIELD |

HIGH-PERF

HIS article describes the construction and operation

of a simple, inexpensive, and efficient solid-state igni-

tion system. This system has many advantages, inchud-
ing much greater point life, less ignition maintenance, longer
spark-plug life, greater acceleration, better mileage, easier
engine starting in any weather and any ambient temperature,
less radio interference from arcing points, positive instan-
taneous combustion at high engine revolutions, virtually no
point heating, and smoother idling.

Its disadvantages are its complexity compared to a standard
ignition system and its greater power consumption. With the
engine not running, this system consumes about 100 watts
(only 2 watts with the optional circuit) as compared to about
45 watts for a conventional ignition system. Power consump-
tion during engine operation is about 60 watts for this system
(with a point gap of 0.006") compared to about 30 watts for
a conventional systemn (with a point gap of 0.018"). The
electric systems of present-day automobiles can easily handle

ORMANCE
TRANSISTOR IGNITION SYSTEM

Complete construction details on a proven and efficient
solid-state system that features good performance, low
cost, minimum battery drain, little ignition maintenance.

this extra power. The cxtra power is needed because of the
low inductance in the primary winding of the coil.

Balancing out the disadvantages and the advantages, the
advantages greatly outweigh the disadvantages. Another
“plus” is the fact thaat total construction cost of this particular
unit is only approximately $35.00.

Circuit Description

Figs. 1 and 2 show the complete circuit diagram for both
negative- and positive-ground systems. The functions of the
various components are as follows:

Q1! and Q2 are the main current switches for the ignition-
coil primary winding; Q3 is an emitter-follower to mini-
mize point current. )4 activates RL1 in case the engine stops
inadvertently. This relay disconnects ground from the base
of Q3 in the event the points remain closed for 30 seconds.
This will stop the main current flow through the circuit and
power drain from the battery will then be 2 watts continuous

Fig. 1. Circuit diagram and parts listing for the transistorized system designed for cars having a negative-ground battery.

TO STARTER SOLENOID

=  S— s L NEGATIVE-GROUND SYSTEM
| b: | b: 2 3 SRl 2
| ZRN 2R9 | 3Ra 2R3 R23 SRI T0
Sl ! 3 | 3 3 3 b3 STARTER
IGNITION ' 9 1 3 b ] FOL.ENOID
SWITCH i | 2NI970 r~— WIRE(®)
IRLI | Ql
| | P BALLAST
| I 2N456A ] 3R7 o)l
I ) RLI Q3 R6 34N b:
I | CONTACTS ‘
j | 3en R8
- ! | : ] SPARK GAP
: 0.025 TO 0035"
i 2N45BA | =
! Q4 |
i B BREAKER
—l_ T T T gpTiONAL POINTS BREAKER
— OPTIONAL A
POINT GAP
0.005 TO 0.008 2NI970 ® B! POINT GAP
— = Q2 ul — 0.018 TO 0.022
+
SPARK GAP
0.055 TO 0.060"
SOLID STATE L CONVENTIONAL
RI-—2 ohm, 10 w. res. RE-—INND ohm, Vy w. res. from auto parts dealers handling Mallory
R2—1 ohm, 100 w. adj. res. R9-—I500 ohm, Vs w. res. {optional. see text) line)
R3I—1I0 ohm, 25 w. res. RIND—220 0hm, Vy w. res. (optional, see text) BI1- - 12-volt car battery
RE—200 ohm, 2 w. res. RII 25 ohm, § w. res. foptional, see text) SRI—INI1IIS silicon vrectifier (1.5a.. 100
R5—7.5 ohm, YV w, res. (two I5-0hm units RLI —Amperite delay relay 6C30T p.v. Texas Instruments)

wired in parallel)

R6—10 ohm, 10 w©. adj. res. {set to 6 ohms,
one side)

R7—35 ohm, 25 w. res.

30

RI2 12 v. or 6 v. relay. as required (Potter
& Brumfield KASDY, not nused in Fig. 1)
Ti—ignition coil; 1:250 turns ratio for tran-

sistor circuits (Mallory F-I12T, available

Q1,Q2--2N1970 transistor (Delco: types
ANI412, 2N 1100 can also be used}

Q3. Q4—2N1564 transistor (Delco)

1—Heat sink 7270606 (Delco)
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Fig. 2. Circuit diagram for cars with positive-ground system. The parts list of Fig. 1 also applies to this circuit.

instead of 100 watts. RL2 (in Fig. 2) is to aid in engine start-
ing on the positive-ground electrical system. This relay and
R1 will not be necessary if wire F is not on the conventional
coil.

R1 is used to shunt R2 only during cranking of the engine.
Current flow through Q1 and Q2 at this time will be 8 to 10
amperes. On some automobiles battery voltage will some-
times drop to about 9 volts because of the excessive current
drain from the starter, hence, more current through the igni-
tion-coil primary is desirable. Rl will also facilitate sub-zero
cranking. Some automobiles remove the voltage from the
ignition switch during cranking and rely entirely on wire F.
R2 sets the required current flow through Q1 and Q2, as well
as through R7,

R3 is a bias resistor used to cut off current flow through
Q1 and Q2 while R4 is the bias resistor for (03. This resistor
cuts off the current flow through (3, determines the ease of
engine start, and the point current,

R53 regulates the base current of 03, This current fow de-
termines whether (03 is turned on sufficiently to allow enough
base current for Q1 and Q2 through the collector-emitter of
Q3. R6 controls the base current to Q1 and Q2. This current
flow determines whether Q1 and 2 will be completely on or
just partly on. With this design there is sufficient current How
to turn Q1 and Q2 completely on, an action which will reduce
the dissipated power across these transistors.

R7 is used to draw a steady current through R2. The lower
voltage on the emitter of (1 back-biases the emitter-hase
junction of this transistor to insure positive and complete
turn-off of Q1 and (2 even at extreme junction temperatures.
R8 is used to bleed off excess electrous from the (02 emitter.

R9 is the bias resistor for 04, R10 determines the base
current for (4, while R11 limits the relay current.

The components shown inside the dashed boxes are op-
tional. They are used only as a safety feature. When the
engine is inoperative, this circuit will automatically disable
the ignition system. This will occur only when the ignition
switch is left on either purposely or inadvertently and thus
prevent excessive battery drain. The only requirement, then,
is to leave the ignition switch off for a minimum of 30 seconds.
This will reset the automatic circuit, Total cost of this op-
tional feature is around $3.00 and is well worth the money.
The reason for using a transistor to operate the relay is to
keep point current at an absolute minimum.

Ignition system operation for the positive-gronnd electric
system is the same as for the negative-ground system. Insu-
lated breaker points and chassis isolation of 03 and Q- are re-
quired. In some cases, RL2 might be necessary, as mentioned
previously. Special points for most automobiles can be pur-
chased in auto supply stores.
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Elimination of the zener diode usually employed in these
circuits was made possible by the use of two inexpensive
transistors, in series. This allows full use of the primury-wind-
ing back voltage for maximum secondary-voltage buildup.

Adapting this circuit to a 6-volt system is easily accom-
plished. Each resistor in the circuit should be halved in
resistance value and power rating. R11 must be eliminated
entirely for G-volt operation. The same current flow must be
maintained in the 6-volt system as in the 12-volt system, how-

(Continued on page 62)

Transistor-side of unit. Q1 and Q2 are insulated from plate,
Relay-side of plate shown here with the cover removed. The

6-volt, 30-sec. time-delay relay is plugged
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CITIZENS BAND
CIRCUITS

By LEN BUCKWALTER

A transistorized 5-watt transceiver, a mike
conversion kit, and a CB service instrument.

HE transistor is featured in all three CB circuits this

month. In one case we'll see how Cadre engineers

obtained five watts from r.f. transistors without exces-
sive cl.c. voltages. The second circuit is a tiny conversion kit
by Shure which eliminates hiss and humidity effects of an
aging carbon mike. And there’s the Seco “Cryst-ulign-Meter,”
a versatile CB service instrument that relies on the transistor
for a half-dozen test functions.

(A) Cadre 510 Transistorized Transmitter

CB radio is essentially a mobile medium (by FCC defini-
tion) but the route to full transistorization has not been an
easy one. A key problem has been in the design of a transmit
section that could develop full 5-watt r.f. input—not that
husky 27-me. transistors are not available—these have been
available for some time. Rather, it is a practical question of
supply voltage. Suitable semiconductors often need d.c.
sources in excess of 12 volts. In CB applications this means
a quite elaborate conversion process to boost the normal 12-
volt battery system of the car. This problem is neatly circum-
vented in the recent Cadre' Model 510, a transistor rig in the
3-watt r.f. class. By lining up three identical transistors in
parallel, the design goal of a final amplifier powered by a
12-volt source is achieved.

The partial schematic illustrates the transmit section of the
Model 510. [t is a conventional 3-stage line-up of crystal
oscillator, driver, and final r.f. amplifier. The early stages, Q7
and Q8, are straightforward in concept. The oscillator per-
forms in a Colpitts circuit, deriving feedback between series
capacitors C30 and C31, Output r.f. is coupled to the driver

CARTRIOGE MOUNTED

SCREWS
IN RUBBER RING {FURNISHED)

TRANSISTOR

PHENOLIC RING AMPLIFIER

CLAMPING RING

RUBBER MOUNTING RING

POSITIVE
TERMINAL
BACK HALF MARKED "+"

FRONT HALF
OF CASE OF CASE

C

which boosts it for the final. Upon examining input to the
final, it is seen that each transistor base (Q9 through Q11) is
conmected in parallel across the driver coil, L6. A separate
base bias network for each transistor assures equal signal dis-
tribution.

Again, the parallel connection is in evidence at the output
side of the stage. Three collectors converge at a single point
to feed the 27-mc. tank composed of L7 and C39. Output of
the three transistors is additive and the 5-watt r.f. power
mput rating is readily attained.

(B) Shure Microphone Conversion Kit R5T

To upgrade both their own and other makes of carbon
microphones, Shure® has devised a compact conversion kit.

Circuit diagram of the r.f. portion of the Cadre transmitter showing the use of three paralleled output transistors.
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Circuit diagram of the Shure transistorized mike preamplifier.

The package consists of a controlled-magnetic cartridge and
a tinv one-transistor amnplifier. Once the old carbon element
is removed, the new components remount into the original
case. The physical layout is shown in the drawing. The new
cartridge clamps into place at the left, as shown, while the
transistor amplifier screws directly to the mike switch.

In operation, the transistor supplies the audio gain formerly
provided by the carbon-mike arrangement. Thus, it is com-
parable to the first voltage preamp found in CB rigs equipped
to handle low-level mike signals. This stage is normally absent
in carbon-mike transceivers.

The schematic shows that the transistor is wired as a con-
ventional audio amplifier, but certain measures are used to
make the kit compatible with the audio input circuitry com-
mon to the carbon mike. In most installations, it is not neces-
sary to make major rewiring changes inside the CB set to
match the modified mike. For example, the load resistor in
the schematic may actually be the primary of the carbon-mike
transformer. Transistor output is intended for operation into
loads in the 100- to 500-ohm range. When unfamiliar cir-
cuitry is encountered, the sample schematics provided by the
manufacturer should prove helpful during the conversion.
They also give methods for utilizing the carbon-mike bias for
powering the transistor with approximately 9 volts.

Signal output of the converted mike is comparable to that
obtained with the carbon element. Voltage across a 100-ohm
load is —18 db (where 0 db=1 volt at 100 microbars).

(C) Seco 500 “Cryst-align-Meter” Test Set

The Seco® Model 500 strives to accommodate the CB
troubleshooter with the same “test-set” approach common
to commercial two-way radio service. Housed in a single
instrument are three principal circuits and a versatile switch-
ing arrangement for numerous CB measurements. Transistor-
ized and self-powered, the device helps uncover signal prob-
lems in both transmit and receive sections of the rig.

The complete schematic of the unit is shown here, along
with three simplified sections which form the heart of the
circuit.

Assume that a handy signal source is needed for receiver
checking or alignment. With a CB crystal plugged into the
appropriate socket, the overtone oscillator behaves like a low-
powered transmitter with a range of several feet. If audio
modulation is required, the a.f. oscillator can superimpose
tone on the carier.

Another useful function of the overtone oscillator is check-
ing CB crystal activity. The test is based on the fact that good
crystals display relatively high “Q” and, consequently, high
output. Crystal-controlled r.f. is fed to the diode (in the
modulation circuit) and d.c. is developed for driving a 0-1
ma. meter. A scale on the meter is calibrated in degrees of
relative crystal output.

The unit acts as a receiver of r.f. signals in its second major
mode of operation. Both oscillators are now disabled. When
the technician wishes to read transmitter output or compare
antennas, the instrument is held near the r.f. source to pro-
vide energy to a pickup loop within the Bakelite case. The
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signal travels from the tuned circuit in the r.f. oscillator (now
passive) and couples to the diode and meter, as before. Now
the meter serves as an r.f. indicator. During this test. the mod-
ulation quality of the CB transmitter is readily monitored by
earphones plugged into a pair of tip jacks on the front panel.
In the over-all schematic these points are “MA. Neg.” and
“Com,” a source of detected audio.

Another circuit provision is the availability of the meter for
measuring plate cwrrent of a CB transmitter’s r.f. output stage.
It is arranged to work with those rigs which contain a 100-0hm
resistor in the “B+" leg to the final tube. Placed across the
resistor, the meter indicates 0-50 ma. without the nced for
unsoldering “B-+" connections. A

REFERENCES

1. Cadre Industries Corp., Commercial Products Div., Endicott, N.Y.
2. Shure Brothers. Inc., 222 Hartrey Ave., Evanston, 111,
3. Seco Electronics, Inc., 1201 So. Clover Dr., Minneapolis, Minn.

Partial and complete schematics of the Seco CB test set.
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CRYNTAL
CONTROLLED
TIME
STANDARD

Construetion of a
practical quartz-crystal
clock and a discussion

of multivibrator frequency
dividing circuits

aid techniques.

By J. H. PHILLIPS / Process Computer Section, General Electric Co.

HE clock described in this article is the most recent

of several similar electronic timekeepers the author

has designed and built over the past two years. This
improved model will make an unusual and interesting project
tor the ambitious electronics experimenter and will also
serve to demonstrate the operation as well as the perform-
ance of practical frequency-divider circuits,

Circuit Details

The essential sections of the clock, as shown in Fig. 1,
are: a crystal-controlled 120-kc. oscillator, 2000:1 frequency-

120 KC. BUFFER e BUFFER
osc. > AMPLIFIER M AMPLIFIER
3
BUFFER 120 C PS BUFFER | o 1.2 KC.
AMPLIFIER [ M.V. AMPLIFIER M.V.
rine 60CPS BUFFER | POWER CLOCK
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Fig. 1. Block diagram shows total frequency division of 2000.
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Fig. 2. Basic free-running lastable} multivibrator circuit.

dividing cascade, a 60-cps power amplifier to drive an
ordinary kitchen clock, and a power supply.

The master oscillator is a modified Pierce type made by
International Crystal Mfg. Co., Inc. The Model FO-1L is a
PC it available wired and tested for $7.50. The author
added a vernier frequency adjustment (a quartz and invar
piston capacitor) and also wired the crystal into a surplus
Bliley crystal oven. The crystal is International’s F-13, a 5°
X-cut type ($15.00). Because of the X-cut’s relatively poor
frequency stability with varying temperature, an AT-cut
would have been preferable for use with an oven, or else
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the more expensive GT-cut will perform satisfactorily with-
out an oven.

The frequency divider consists of four multivibrators and
associated buffer amplifiers. Operation of the synchronized
astable (free-running) multivibrator as a frequency divider
is covered in detail in most standard circuit textbooks. Briefly,
the action is this.

In the basic free-running multivibrator, Fig. 2, the plate
of each tube is tied to the grid of the other through “loop-
ing” capacitors C1 and C2. Because of any slight imbalance,
one of the tubes, say, V1, will conduct a little more than
the other when power is first applied. As the plate voltage
of V1 goes down, V2 is driven toward cut-off. The resulting
rise in the plate voltage of V2 drives V1 toward saturation.
V1 becomes saturated and V2 is cut off very quickly. When
this condition is reached, C1 begins to discharge through R2
and the voltage at the grid of V2 becomes less negative until
V2 starts to conduct. Almost immediately V2 goes into satura-
tion and V1 into cut-off. C2 then discharges through R1 un-
til V1 begins to conduct, and one cycle is completed. The
voltage waveforms produced by this continued interaction
are shown in Fig. 3A. Obviously, the frequency at which a
multivibrator will oscillate depends on time constants R1-C2
and R2-C1.

If a signal having a frequency several times the natural
frequency of a multivibrator is applied to one grid and if
other conditions are favorable (i.e., we don’t have a border-
line case), the multivibrator speeds up slightly and locks to
a subharmonic of the input signal. This synchronizing ac-
tion (Fig. 3B) is a result of the incoming signal controlling
the exact instant the cut-off tube begins to conduct.

While a multivibrator can be syvnchronized by applying

Fig. 3. {A) Voltage waveforms of free-running multivibrator.
(B) The effect of synchronizing pulses applied to one grid.
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RI—1 megahm, 'y w. res.

R2—470 ohm, 1, w. res.

RI—18,000 vlm. \y w. res.

RA— 47,000 ohwr. 3y w. res.

RS, RA2--730.000 ohm, Yy w. res.

R6, RS, RY, RI5, RI17, RI18, R24, R26, R27,
R33, R35, K36, RI3—I1000 ohm, V3 w. res.

R7—39.000 ohm. V3 w. res.

10, RII, RI2, RI3. R4, RIY, R20, R21,
R22, R23. R28, R29, R30, R3I. R32, RIN,
RAI—68 0600 ahm, Vs w. res.

RI6, R25, R34, R¥4— 110000 ohm, V) w. res.

R3I7, R3I§—3I3.000 ohm, V; w. res.

R39—36.000 ohm, ', w. res.

Ri6. RI7, K48, K19, RSO—1 megohm linear
taper pot

Cl—7-45 pf. var. ceramic capacitor

C2— 7-4.5 pf. trimmer capacitor

C3, C4, C7—.01 uf., 400 v. paper capacitor

C5, 12100 pf., 400 v. ntica capacitor

Co, C20, C21—.005 uf., 400t ©. paper capacitor

C8, Clu, C1L 330 pf., 400 v. wmica capucitor

C9 A0 pf., #00 v. mica capacitor

C13, CIT—=200 pf., 400 v. mica capacitor

Cl4. C13—4700 pf.. 400 v. paper capacitor

C16—.002 uf., #0M1 v. paper capacitor

C18, Cl19—.025 uf., 4040 v. paper capacitor

C22, (23—.068 uf.. 1M} ©. paper capacitor

C25—5 uf.. 50 v, elec. capacitor

C27—25 uf.. 25 v. elec. capacitor

C28—1 pf.. 450 v. paper capacitor

C29—16 uf., 450 v. elec. capacitor

RECI—3.5 mhy, r.f. choke

ClHI1—15 hy., 85 ma. filter choke

SI—D.p.d.t. toggle switch

S2—N8.p.d.t. spring-loaded both
from normal

Xtal —120-ke, crystal in vven (Bliley TC-92,
see fext)

VI—6BHbH tube

V2,03, V4. VS, V6, V7, VE—I21T7 tube

1'9—a1'6 or 616 tube

directions

RAS—350 ohm, § w. res.

the signal to only one grid, much more reliable performance
and casier adjustment are the resnlt of introducing the signal
into both grids of the two triode sections simultaneously.

If the signal is fed in the same phase and amplitude to
both grids, the multivibrator will be forced to lock in at an
even sub-multiple (1/2, 1/4, 1/6, cte.) of the signal fre-
quency. However, if the signal is first split in phase and one
of the resultant equal-amplitude, opposite-polarity signals is
fed to one grid and the other signal to the other grid, the
multivibrator will lock to an odd (1/3, 173, 1,7, etc.) sub-
multiple. Because they require more circuitry and are

June, 1963

C24, C26—.1 uf., 00 v. puper capacitor

“touchier” to adjust, multivibrators producing odd-numbsered
frequency-division ratios are not used in this construction.
Now it is possible to cascade multivibrators without nsing
bufler amplifiers. The author did this in an earlier model
but unbuflered, cascaded mmltivibrators are maddeningly dif-
ficult to adjust, and reliability is uncertain; therefore simple
buffer umplifiers are used between the working stages.

The reader may note that the tuned plate circuit in the
power amplifier will not resonate at 60 cps by itself; how-
ever, the output coupling capacitor and the clock nwotor
contribute to circuit parameters and a fairly clean sine wave
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NOTE I
ANY POWER TRANSFORMER WITH SIMILAR RATINGS MAY
BE USED. MANY TELEVISION TRANSFORMERS ARE SUITABLE.

NOTE 2.
ADJUST THE 3K, 25W. VARIABLE RESISTOR FOR | TO 1.5 VOLTS —
ACROSS THE 50An RESISTOR IN SERIES WITH VRI50(003).

Fig. 5. Circuit diagram of the integral power supply used.

The electric clock is driven 1o a high degree of accuracy by
means of an electronic circuit consisting of a highly stable
crystal oscillator followed by a string of frequency dividers.
The oven for the crystal is at the left rear of the chassis.

Under-chassis view. Components for each of the dividing multi-
vibrators are mounted on individual circuit boards. The printed

circuit for the crystal oscillator is located at bottom left.

appears across the clock motor. A different size inductor can
be used in this circuit if the values of the capacitars are
adjusted experimentally for a reasonable waveform across
the motor.

During normal operation, the four multivibrators (V3, V4,
V6. and V7 in Fig. 4) run at frequencies of 12 ke., 1.2 ke,
120 ¢ps, and 60 cps. Two special circuits are used to alter this
arrangement when adjusting the oscillator and synchronizing
the clock. The first is controlled by S1, a d.p.d.t. toggle
switch. When this switch is thrown from the “Normal” posi-
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tion to “Zero Beat,” the 12-ke. multivibrator frequency drops
to 10 ke. and its output is fed to a “Receiver” terminal, With
this 10-ke. square-wave signal fed to the antemna input of a
short-wave receiver tuned to WWYV at any one of its carrier
frequencies, the oscillator can be tuned so that a harmonic
of the 10-kc. square wave zero beats with the \WWWYV carrier.

Switch S2 is a lever-type, spring-loaded in both directions
from normal. When the switch is held in one position. the
synchronizing signal is removed from the 60-cps multivibra-
tor which slows it to its natural frequency of 35 or 36 cveles
per second. When the switch is held in the other direction,
the synchronizing signal is removed and R39 is shorted. This
allows the multivibrator to run free at 64 or 63 cveles per
second. By operating this switch, the clock’s second hand can
be brought into exact step with W\WYV while calibrating or
carrecting as needed.

The author built the clock on a 16” x 14”7 x 3” chassis
using terminal-board construction. As an alternative, a large
printed-wiring hoard may be used, but point-to-point wiring
is not recommended because of component deusity around
the multivibrators.

Initial adjustment of the frequency divider requires the
use of a gaod oscilloscope. Place the vertical probe at pomt
“A” (Fig. 4) and adjust R46 for a scope trace indicating a
steady division ratio of 10:1, as shown in Fig. 6A. Move the
probe to “"B” and adjust R47 for another division by 10. At
point “C,” adjust R-48 for a third division ratio of 10:1. Final-
Iy, adjust R49 for a ratio of 2:1 as viewed at “D” (Fig. 61).
Repeat these adjustiments to check for interaction, then ad-
just R30 for about 110-volts a.c. into the clock motor.

To calibrate the oscillator, set the vernier capacitor (C2)
to mid-range and, using the “Coarse” adjust (C1), zero beat
against WWV as described earlier. After synchronizing the
clock’s second hand with the “ticks” broadcast by WWV, ob-
serve the deviation over a period of time and adjust the
vernier capacitor, as necessarv. Adding capacitance will
lower the oscillator frequency and cice versa. The chances
are that it will take a period of several months for the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>