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Get all this extra v

When vou buy '

~ for your replacement wark

LONG LIFE ALUMINIZATION
CROSS-CHECK QUALITY ASSURANCE
| CORONA INHIBITOR

( FULL ONE YEAR WAR

RAYTHEON N,

K THOROUGH, QUALITY WORKMANSHIP

PROMPT, EFFICIENT DISTRIBUTOR
COOPERATION

LT A

N

N

'RAYTH
I Receiving and Cathode Ray Tube -Operations

: Newton, Mass, * Chicago, Ill. + Atlanta, Ga. + Los Angeles, Calif.
Raytheon makes ( Receiving and Picture Tubes, Reliable Subminiature and Miniature Tubes, Semicon-
all thes. ductor Diodes, Power Rectifiers and Transistors, Nucleonic Tubes, Microwave Tubes

Excellernce crn Eleclionics |
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i You Can”.

~

-ain at Home

for Good Jobs,
Career Opportumties

Find out What N.R.I., Oldest, Largest, Home
Study Radio-TV School can do for You

Whether you're on the
“OUTSIDE” and want to

get in; or on the “INSIDE”

and want to advance,

N.R.l. has specialized
tralmng for you.

¢ is the 1deal combination
for success. And today’s
opportunity field is Radio-
1 Television. Over 125 mil-
5 lion home radios plus 30
million sets in cars plus
40 million TV sets mean

J. E. SMITH,

FOUNDER top money, top jobs for
trained Radio-TV techni-
cians. More than 4,000 Radio and TV

broadcasting stations offer interesting
and important positions for technicians,
operators. Color television, portable TV
sets, Hi-Fi, other developments, assure
future growth.

N.R.L. IS TESTED WAY TO BETTER PAY

If you want to gain knowledge and skill
for success and security, find out what
N.R.I. offers. Since 1914—for more
than 40 years—N.R.I, has specialized
in training ambitious men at home in
spare time for Radio-TV. As the out-
standing leader, you are assured de-
pendable training when you enroll with
N.R.I. You are backed by the record
and reputation of the oldest and largest
home study Radio-TV school. With an
N.R.I. diploma, you command respect
because you are a skilled operator
equipped to do important work.

ADD TO YOUR INCOME STARTING SOON

Whether you know very little or whether
vou have some knowledge of Radio-TV,
N.R.IL training can help you. We send you
easy-to-understand, illustrated texts. As
part of our Servicing Course you get
many kits to build Radio Receiver, Multi-
tester, other equipment that “brings to
life” what you study. Soon after start-
ing many N.R.I. Students earn $10,
$15 a week extra fixing neighbors’ sets
in spare time.

.; Training plus opportunity ;i

N.R.1. SUPPLIES EQLIPMENT FOR PRA

tube, all tubes, parts to build UHF-VHF Television Receiver, a 5" hlffh definition
Oscilloscope and a Television Signal Generator supplied with Advanced TV Training.

N.R.I. Communications Training pro-
vides the practical knowledge you need
for a career in Broadcasting. We send
kits to build a Transmitter, Signal
Generator, ete.; practice methods, pro-
cedures required of licensed Commercial
Radio-TV operators.

TV SERVICE EXPERTS EARN TOP PAY,

TOP JOBS
N.R.I’s All Practice Professional TV
Servicing Course is designed for the
man who wants to reach the top in TV
Servicing. Not for beginners, this course
is for the man with a knowledge of bas-
ic theory, either from Radio-TV serv-

{ NATIONAL RADIO INSTITUTE, Dept. 76E, Washington 16, D.C.

I Please send information on opportunities and training checked below. (No salesman will call.)

{ () Radio-TV Servicing Training.

icing experience or planned training.
We send you 17” picture tube, compo-
nents for TV Receiver, 5”7 TV Oscillo-
scope and a TV Signal Generator. You
learn methods to diagnose and correct
TV Service problems quickly, correctly,
with confidence.

SAMPLE LESSON AND CATALOG SENT FREE

Mail coupon today. Check the Radio-
Television training that interests you.
We will send you Sample Lesson and
Catalog. Address: National Radio In-

stitute, Dept. 7GE, Washington 16, D. C.

MAIL COUPON NOW

1

: () Radio-TV Communications Training. Namem e Age———-

: () Advanced TV Servicing. Address. — e e e i
I |
| |
: [0} 17 U, Zone— . -State.—__.. !
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“If You Want to Make More Money
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Jack Dempsey

The former world's heavyweight boxing
champion says: **l know the value of good
training, and believe me, for 25 years,
DeVry has been one of America’s out-
standing electronics training centers! The
Employment Service is ‘tops’ too!”’

THESE DEVRY TECH
GRADUATES VERIFY
WHAT DEMPSEY SAYS

NICK BARTON,
fitinois, a DeVry
graduate, now has
his own business
and tells us he is
“literally snowed
with work.”’

Great opportunities are found in Electronics—one of today’s
top fields. Good jobs in modern plants, TV — Radio studios,
offices and laboratories await trained men who can build,
install, operate and service Electronic equipment. And equally
exciting are the possibilities for starting your own servicing
shop. The coupon below will bring you full details — Free!
HERE'S HOW TO GET STARTED!

You can get Television-Radio-Electronics training right in your
own home. You don't need previous technical experience,
advanced education, or exceptional “‘aptitude.”” And the
training DeVry Tech provides is “'tops.” What's more, DeVry
helps you get started toward a job, or a servicing shop of
your own!

GEORGE D. :
CROUCH, Colifor-

nia, was a retail
store clerk. He took #
the DeVry program,
and today is in bus-
iness for himself.

TOO GOOD TO BE TRUE?
Not at all! Our files show that many men—high school grad-
uates, truck drivers, store clerks, unskilled workers—now have
the better jobs they wanted because of their DeVry diplomas.
Age is no barrier — DeVry trains men 17 — 55.

TWO GREAT TRAINING CENTERS —

CHICAGO and TORONTO
If you can come to either of DeVry’s training centers—Chicago
or Toronto — you can prepare under the close guidance of
friendly, experienced instructors. You can use valuable equip-
ment similar to that found in the field. Write today for com-
plete information.

e S
EDWARD HAHN,
Ilinois. Now an elec-
tronics technician
with Televiso, Inc.
DeVry Tech training
helped him prepare
for his present posi-
tion.

f A SAMPLE LESSON [S

See for yourself how DeVry trains you for
real opportunities in Electronics.We'll also
give you a free copy of an interesting
booklet, *‘Electronics and YOU.”

ARE YOU OF
DRAFT AGE?

We have valuable informa-
tion for every man of draft
age; so if you are subject te
military service, be sure to
check the coupon.

DeVry Technical Institute

Accredited Member of
National Home Study Councit

You.”

Name. .. ... ...,

' T o | TR RIS
Y TECHNICAL IN

. CHICAGO 41, ILLINOIS
: FORMERLY
DeFOREST’S TRAINING, INC.

#1080

"~ Full or Part Time in

TELEVISION

LECTRONICS

Has An Answer,”
SAYS JACK DEMPSEY

NO TECHNICAL EXPERIENCE NEEDED—
YOU CAN LEARN IN YOUR OWN HOME!

" “Please Print e

Shreet . e e remenr e

EARN AS YOU LEARN—by serv-
icing radio and TV sets at home
before you complete the training.

LIVE-WIRE EMPLOYMENT SERV-
ICE — puts you in touch with
job opportunities—even helps
you establish a service shop of
your own.

=fotll

i
l

[E__ | ‘333 \\ ;
S——
BUILD TEST EQUIPMENT—You
assemble your own high quality
test equipment to helr. you earn

]

money servicing Radio and TV
sets in your spare time.

O

4141 Belmont Ave., Chicago 41, 1ll,, Dept. RN-7-N
Please give me a FREE Sample Lesson and your booklet, *‘Electronics and

[3 Check here if subject to Military Yraining.

DeVry Tech’s Canadion Training Center is located at
626 Roselawn Avenve, Yoronto 12, Ontario

July, 1957
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Foi' electronic t_echniciar‘ls:
THE FUTURE'S IN FLORIDA...

THE FUTURE'S IN MISSILES...

THE FUTURE'S WITH RCA!...

Missiles, the weapons technology of the
future . . . delightful year 'round climate

. . combine these job factors in your
career as an RCA electronic technician
at Patrick Air Force Base on Florida’s
central east coast. At the Missile Test
Project you’ll help test most every type
of missile being developed. You’ll also
contribute to the Vanguard Satellite’s
launching and tracking.

RCA SERVICE COMPANY, INC.

RCA is opening an unusually wide
variety of pesitions for technicians on
all levels. A basic knowledge of elec-
tronics will qualify you for many of
them. Among facilities are the latest
electronic and optical data acquisition
and transmission systems. You’ll enjoy
RCA’s complete benefit program . . .
relocation assistance, too. And just im-
agine life in Florida’s wonderful climate!

Name

Make your future in these field or shop
assignments:

RADAR—RADIO — TELEMETRY
TIMING — INSTRUCTION
ELECTRONIC TEST EQUIPMENT

Mail the coupon for booklet which
describes our Florida missile program
and its advantages.

—— ——— i T———— . S ST FHE et utine o |

Mr. H. N. Ashby, Employment Mgr., Dept. N-16G
RCA Service Co,, Inc., Missile Test Project
P. O. Box 1226, Melbourne, Fla.

Please send me brochure with the information on RCA
employment advantages in Florida.

Age  Married Yes [ ] No []

Address

U.S. Citizen Yes [ ] No ]

Electronics Experience (Include Mil. Service & Tech. Schools)

Earliest Date Available

i e e e e e e s b S e e it e ot

www.americanradiohistorv.com
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UNIVERSITY ANNOUNCES THE VERSATILE

MODEL

CLH

Horn bell rotates full 360° on its axis, while the
‘U’ mitg. bracket provides better than 180° vertical
and 360° horizontal adjustment of projector posi-
tioning. Thus, sound can be distributed in any
direction regardless of projector Jocation.

PATENTS
PENDING

Model CLH
$44.50 List

—_— (less driver)

Y The unique pin-point ad-
justment possible with the
CLH at last provides the
long-awaited answer to
coverage of “dead spots”
and control over trouble-
some echo and rever-
beration —regardless of
structural or physical
placement limitations!

USE SINGLY OR STACKED

[ The ‘U’ mounting bracket
! of the Model CLH is spe-
=3 cially designed to link two
3 or more projectors into
/ any configuration, achiev-
i ing exactly the sound dis-

T tribution pattern required.
Even diagonal or alternat-
ing projections are just as
casy to achieve as “‘stand-
ard” patterns.

m Univosy sounds bt

80 SOUTH KENSICO AVENUE, WHITE PLAINS,

UNIVERSITY LOUDSPEAKERS,
July, 1957

INC.,

VERSATILITY & ADAPTABILITY UNLIMITED

Meets every soundcasting requirement. Use the CLH
wide-angle projector with any University driver to
get exactly the frequency response, efficiency and
power handling capacity you need. Here is depend-
able performance and real economy—for actual
dollar savings you can count on year after year.

N. Y.

www.americanradiohistorv.com
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THE MOST COMPLETE SELECTION
OF DRIVERS IN THE INDUSTRY NOW
AVAILABLE FOR USE WITH THE CLH

Model PA-50. Fcatures extended high
and low frequency range, highest con-
tinuous duty power capacity, greatest
conversion efficiency, husky built-in
multi-match transformer with terminals
conveniently located at basc of unit. The
answer to the toughest sound problem.
Nothing finer!

Response: 70 to 10,000 cps. Power Ca-
pacity: Full Range 50 watts; Adjusted
Range* 100 watts; List Price: $57.50.

Model PA-HF. For appucauons requir-
ing the greatest power handling capacity,
maximum sensitivity, widest range fre-
quency response, plus rugged lifetime
construction. Completely die-cast alu-
minum housing. Increased sound output
cuts amplifier requirements in half!
Response: 70 to 10,000 cps. Power Ca-
pacity: Full Range 50 watts; Adjusted
Range* 100 watts; List Price: $47.50.

Model SA-30. “Battleship” construction
for maximum durability against abuse or
in hazardous environments. Completely
die-cast aluminum housing and built-in
matching transformer for connection to
high impedance lincs or ‘‘constant volt-
age” systems.

Response: 80 to 10,000 cps; Power Ca.
pacity: Full Range 30 watts; Adjusted
Range* 60 watts; List Price: $47.50.

Model SA-HF. Will deliver that extra
punch needed to cut through heavy noise,
Use for speech or high quality music.
Relponle' 80 to 10,000 cps.; Power Ca-
pacity: Full Ran;:o 30 watts; Ad]uued
Range* 60 watts; List Price: $36.

Model MA-25. Low in cost, high in
quality, featuring high etliciency magnet,
tropicalized 2” voice coil, “’rim-centered”
breakdown-proof bakelite diaphragm.

Rtsponse 85 10 6500 cps.; Power Ca-
pacity: Full Range 25 walls; Adjusted
Range* 50 watts; List Price: $27.50,

*l'rogram response adjusted to horn cut-off.

ACCESSORIES

A=

:v: COnnECTOR PMA ADAPTER

2YC Connector cnables two driver units
to be used with one CLH trumpet for
up to 200 watts output. Now you can
get the Super-Power you want...when
you want it, using standard stock drivers.
PMA Adapter fits standard %2” dia.
threaded pipe to the CLH ‘U’ mounting
bracket. Takes the headache out of
mounting on pipe!

7
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no other plier
does so many jobs
SO WELL

GRIPS LIKE A
PIPE WRENCH

NS

Help yourself to a Channellock No.
420 . . . the handiest plier of them
all. With this handy plier, you can
grip anything from a cotter pin to
a 1% " hex nut. And what gripping
power! Just like a pipe wrench.
What'’s more, Channellock is
streamlined . . . easy to use in
hard - to - get - at places. This all
’round usefulness is the reason why
Channellock is the favorite plier of
craftsmen everywhere. It'll be your
favorite, too . . . for the same rea-
son. Ask your hardware man for
a Channellock No. 420.

:_'-;B'E SURE IT'S A GENUINE CHANNELLOCK
[) 4 v 4 Pl )
2 T 7 I
AA97 7 77
S “f/ "/
8

7 7% RECORD,

THE GEOPHYSICAL YEAR AND ITS SATELLITE

ULY 1, 1857, marks the beginning of

an 18-month period in history that
will never be forgotten. It is known as
the International Geophysical Year and
only those individuals who have access
to scientific information actually know
the full magnitude of the program that
lies ahead. Most of the scientific re-
search laboratories and colleges in this
country and those in 50 other nations,
will unite in a combined effort to study
important geophysical and solar prob-
lems. Although the greatest emphasis
will be on the study of outer space
(by means of the satellite), many sci-
entific expeditions will be made to
study the polar regions, oceanography,
etc.

Since the dawn of history man has
wanted to fly and to reach out into
the unknown world. He has learned
to fly and now he is about to realize
the most fantastic desire of all—that
of conquering outer space. The astron-
omer, geophysicist, and the astrophysi-
cist have one interest in common—to
study outer space without having to
look through the atmosphere. The sat-
cllite, which literally will be an ob-
servation platform in outer space, will
solve the basic requirement of this
group by placing their instruments
beyond the atmosphere.

Some time during this Geophysical
Year, most likely the early part of
1958, the United States government
will launch the first of six planned
satellites from Patrick Air Force Base
in Florida by means of a three-stage
rocket. The satellite itself is a highly
polished, silvery sphere, 20 inches in
diameter and weighing 21.5 pounds. It
will fall into its orbit somewhere be-
tween 200 and 1500 miles above the
earth.

Some of the weight of this satellite
will be made up of electronic equip-
ment. There will be various types of
equipment aboard. For example, tem-
perature measuring instruments both
on the surface of the satellite and its
interior, ionization and mechanical
pressure gauges, microphones to listen
for meteor impact, films on the out-
side of the sphere which will measure
erosion from meteor contacts, a geiger
counter to check cosmic rays, photon
counter, ionization chamber to meas-
ure the sun’s radiation, a magnetom-
eter to measure strength of magnetic
fields, photocells to check the earth’s
cloud cover, and complete radio trans-
mitting equipment to transmit (on 108
mc.) all information to monitoring sta-
tions around the world.

www.americanradiohistorv.com

Actually, the satellite will be visible
to the naked eye only prior to dawn
and just after dusk. It will appear as
a tiny silvery moon in the sky. Almost
to the point of fantasy, this silvery
sphere will travel through a tempera-
ture change from warm to very cold
up to 60 miles above the earth and
then will reach a possible temperature
of beyond 1200 degrees centigrade at
altitudes of 150 miles and more. It
will travel at a speed of 18,000 miles
per hour, circling the earth about six-
teen times during a 24-hour period.

It is hard for anyone to believe that
this is possible. Yet, according to all
scientific development work, there is
little doubt in anyone’s mind that the
program, as planned, will be successful.
The first satellite may stay in its orbit
one or two hours or it may stay up
several weeks or more. Succeeding
satellites should remain in their orbits
for longer periods. Eventually an ob-
servation platform will be projected
as a permanent, simulated planet
which some day will be manned.

What will this mean to vou as an
individual? Probably nothing directly
unless you’re planning a trip to the
moon. Indirectly, yes. It is expected
that the co-ordinated effort will lead
to a number of major break-throughs
in such fields as meteorology, aurora
and air glow, cosmic rays, oceanogra-
phy, seismology, gravity, solar activity,
glaciology, geomagnetism, and iono-
spheric physics. There is no doubt that
it will lead to better navigation, im-
proved radio communications, and bet-
ter weather forecasting. It is not too
remote to say that some day, as a
result of these studies, planned weath-
er will be possible. In addition, what
is learned from this great scientific
experiment is sure to make itself felt
in the near future in such unrelated
fields as air conditioning and air travel,
as well as a very great variety of spe-
cialized fields that have been tapped
for contributions in the design of the
satellite.

It will certainly lead to a much
greater knowledge of the universe
around us. A better understanding of
the sun’s role and the effect of outer
space on our earth is definitely in the
cards. Needless to say, it is hoped that
the greater knowledge thus gained will
lead to a higher standard of living and
an era of permanent peace throughout
the world.

As always, Rapio & TV NEeEws will
keep you abreast of these develop-
ments as they take place. . . .. O.R.

RADIO & TV NEWS


www.americanradiohistory.com

THE VERY BEST FOR LESS: Knight Custom components

4 are built to ALLIED'S own special high standards to deliver :

) outstanding musical quality with distinguished appearance at EXCLUSIVE WITH

B money-saving minimum cost. Each unit is unconditionally I D

% guaranteed for one full year. A I. I. E

fz* Wy B, R a . e T R
z . & ceqE e gmeyy Fnaan s . . . .

“% Sensational Knight *‘Tri-Fi SAVE! | Knight “Tri-Fi”” Speaker Installed in

% 3-Way 12" Hi-Fi Speaker Knight-Klipsch Enclosure

Comes to you ready to play—
completewith Knight *““Tri-Fi”’
speaker installed in handsome
Knight-Klipschenclosure. En-
closure is designed to use walls
of room to extend bass range;
“Tri-Fi” speaker covers en-
tire spectrum of audible sound.
Enclosure measures 32 x 21 x

MORE FOR YOUR
HI-FI DOLLAR

aieo's A0
SPECIAL PRICE

® Heavy 1%-Pound Alnico-V Magnet
® 3 Radiating Elements for Smooth Response
o Compression-Type Horn-Loaded Tweeter

»

=

O ® Response, - 5 db, 35-15,000 Cycles! 1414”. Speaker impedance, 16

& Qt t&le be t ohms; power handling capac-

v Qqu(l 0 s Hcre’s incomparable Hi-Fi speaker ity, 25 watts. Available in
value—the new 3-way typc Knight “Tri-Fi”’ combining a 12" Blonde or Mahogany finish.

) cone for bass reproduction, a special conical radiator for mid- You save $12.50 over the price

b frequencies and a built-in compression-type tweeter for highest Save $12.50 of the separate units! Shpg
frequencies. Includes L-pad tweeter level control with calibrated wt.. 44 1bs . .
dial and control knob. Full 134{-pound woofer magnet for solid ALLIED'S $ 50 5 . X

" bass response; heavy rattle-proof frame. Overall range is =+ SPECIAL 94 DZ 787. Blonde finish.

” 5 db, 35-15,000 cps. First crossover at 2,000 cps; automatic PRICE 94 DZ 786. Mahogany finish.
crossover from mid-range to tweeter at 4,000 cps. Cone reso- Each. onl 59950
nance: 50 cps; power capacity, 25 watts program material; im- ALLIED’S OWN KLIPSCH- , Yoo
pedance, 16 ohms. Diameter 12-1/16"; depth, 8", Unconditionally LICENSED ENCLOSURE Only $9.95 down
guaranteed for one full year. Shpg. wt., 12 lbs. s on our Easy Pay terms
81 DX 839. Knight ““Tri-Fi”” Speaker, only............ 4950

Only $4.95 down on our Easy Terms Save $44.72 On This Quality Knight

: o o o Fos : “*Space-Saver” Hi-Fi Phono System

TOP VALUE knight HI-FI COMPONENTS
. . e
¥ $09N§Y
DeLu;(e 24-Watt Amplifier “Space-Saver”’ Deluxe Basic FM-AM Tuner. Matches
s design; response, + 0.75 db. 20-40,000 DeLuxe amplifier; AFC; tuning meter;
cps; 12-position compensation; variable tuned RF on FM and AM; FM discrimi-
e damping; loudness control; rumble filter; nator; 2 cathode followers; exceptional
tape }éead ilr;)put; hum balance. U.L. Ap- ?}ansitivity. FdCC AlEDI‘OVed Radiation; .
¢ proved. 30 lbs. .L. Approved. 17 lbs. 5 OO nH
* Model 9457709 Net. ............. $94.50 Model 94 SX 711, Net ............ $99.50 ONLY Top value in a superb Hi-Fi
music system. You save
$ 50 $44.72 over cost of individ-
‘ ONLY ual components. No cabinets
H required. Includes Knight
H $7450 12-Watt “Bantam” Amplifier; Garrard RC
o — 121-4 Changer and base, with G.E. RPX
Bantorn™ 12.Watt Amplifier. It 5 :"H;“B EMAM T 052-A Triple-Play Cartridge (diamond-sap-
“"Bantam” 12-Wa mplifier. Response, “Bantam Basic - uner. Matches i i) i Kli i
+ 0.5 db, 20-20,000 cps; 3-position com. “Bantam” Amplifier; AFC; FM limiter I}’{hl.rehstt{;‘,? :I‘Kn%‘g.ht Kllips‘fh e“‘ﬁbds“re W:.}h
pensation; variable damping; loudness and discriminator; output level control; nig r1-I1 speaxer installe (s.pec Y
control; built-in preamp; tape head input; RF stage; high sensitivity; temperature- Blonde or Mahogany finish). Easy to install
7 inputs; “‘Space-Saver” design. U.l.. Ap- compensated oscillator. FCC Approved anywhere. Shpg. wt., 92 lbs.
proved. 18 Ibs. Radiation: U.L. Approved. 13 lbs. 92PA Knight P}; Syst
Model 94 SX 708. Net . .. .......... $64.50 Model 945X 710. Net............. $74.50 02111 505. Kmg ono System. $19950
e e Y e
N o . 2 o SR Only $19.95 down on our Easy Terms
‘3*‘ - s - - Ca w v s % oo e P
- LLIED I ............................é oo 0o 0000
, O/(d@/( é/lOlm A RA D o o ALLIED RADIO CORP., Dept. 1-G7 our ¢
' . ' . . ® 100 N. Western Ave., Chicago 80, IIl. 36th o
i SAmenica’s THi-Hi Contor, ¢ veaR
F R E E : Ship the following KNIGHT Hi-Fi equipment................ :
PECIAL VALUE SUPPLEMENT NO. 165 o U .
N < . ) . .
b Send for it. Packed with top values in Hi-Fi o S, enclosed. (All prices Net F.0.B. Chicago) .
: systems and components; Recorders and supplies; : [ Send FREE ALLIED Supplement No. 165 :

zi all-new Public Address systems and : .

. components; super-value build-your-own e NaMe i e et PY

g Knight-Kits: Amateur equipment; electronic tubes : :

:;; and parts; tools, books, ete. FREE—send coupon . £\ [t L 8 S G e E a8 50 B6 00066086060 000866 B0 6 BANAC 0N GEA0 0000 o

X today for your copy of ALLIED Supplement No. 165. ¢ City.,........................... . Zore.....State......... .

[ 0 000600000000 0000000000000008000000000
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Systems
Career:

a

laboratory
for

As a Field Engineer at Hughes, through
training and assignment you will become
familiar with the entire systems involved,
including the most advanced electronic
computers. With this knowledge you
will be ideally situated to broaden your
experience and learning for future appli-
cation in cither the military or commer-
cial field.

The national respect which Hughes
commands in the field of advanced elec-
tronics is in no small part due to the
technical support provided by the Field

Enginecrs. Other contributors to the suc-

VACATIONING IN
SOUTHERN CALIFORNIA?
YOU ARE INVITED

TO VISIT HUGHES.

learning

« . an exciting and rewarding
career awaits the E.E. or Physics
graduate who joins this highly

respected Engineering ream.

cess of the Field Service and Support
Division are the Technical Manuals
Engineer, Training School Engincers,
Technical Liaison Engineers, and Field
Modification Engineers.

This Hughes activity is a highly trained
organization of expert engineers, giving
support to the armed services and air-
frame manufacturers using the company’s
equipment. Locations are in Southern
California, continental U.S., overseas.
We invite you to join this team. For
further information write us at the
address below.

Some extra advantages for

Field Engineers include:

Training at full salary for 3
months before assignment.

Generous moving and  travel
allowance between present loca-
tion and Southern California

(Culver City).

Additional compensation plus
complete travel and moving on
assignments away from Culver

City.

Ideal living conditions in the un-~
surpassed climate of Southern
California.

Reimbursement for after-hours
courses at UCLA, USC, or other
local universities.

Employee group and health in-
surance paid by company, retire-
ment plan, sick leave, and paid
vacations.

Scient{ﬁc Staff Relations

RESEARCH AND DEVELOPMENT LABORATORIES
HUGHES AIRCRAFT COMPANY

Culver City, California

www.americanradiohistorv.com
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ELECTRON TUBES

D

SEMICONDUCTORS

TECHNICIAN'S
HANDBOOK

The new CBS Technician’s Handbook
and Engineer’s Handbook are complete.
They contain data for receiving, special
and picture tubes as well as crystal diodes
and transistors. Designed for on-the-job
use, they are single, compact, handy
volumes that lie flat. They feature
modern styling for quick, easy refer-
ence. Supplementary services are avail-
able. Ask to see these Handbooks at your
CBS Tube distributor’s. You will want
them both.

Reliabl® products

through Advanced-Engineering

July, 1957

| ELECTRON TUBES.

... by and for the
technician, $1.50 net

- .

| SEMICONDUCTORS

ENGINEER'S
HANDBOOK

... by and for the
engineer, $7.50 net

His

CHECK THESE FEATURES

Technician’s Handbook

« Comprehensive data for all popu-
lar types

« Reference data for seldom-used
types, grouped by application

« All popular special-purpose tubes
and semiconductors

» 450 pages
« Handy 5% by 9 inches
« Rugged plastic binder

« Appendix especially prepared for
service technicians

1

Engineer's Handbook

« Complete RETMA engineering
design data

» Seldom-used types tabulated for
quick reference

« 300 two-color design curves
» 650 pages, two colors

« Handy 8% by 9% inches

« 16-ring metal binder

« Appendix includes description of
terms, symbols, characteristics
ratings, etc.

tubes - semiconductors

CBS-HYTRON, Danvers, Massachusetts

A Division of Columbia Broadcasting System, Ing,.

www americanradiohistorv. com
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0,000 SERVIGEMEN HAVE THEIR oAY-

SURVEY SHOWS SERVICE DATA PREFERENCE

A recent Howard W. Sams survey among the nation’s
TV-Radio Service Technicians produced over 10,000
replies to an all-inclusive questionnaire. These men took
time out to answer over 100 separate questions. Among
the many valuable facts disclosed, the following will
prove most significant to every Service Technician: E

Q. HOW FREQUENTLY DO YOU USE SERVICE DATA IN YOUR WORK?

Answer: Over seven out of ten servicemen (74%) state they use service
reference material on all work, including TV, Radio and associated
servicing.

Q. WHAT SERVICE DATA DO YOU PREFER?
Answer: Over eight out of ten servicemen (82%) prefer PHOTOFACT.

Q. WHY DO YOU PREFER PHOTOFACT?
Answer: COMPLETENESS (the overwhelming reason given). COM-
PLETE, UNIFORM, ACCURATE DATA on over 28,000 TV, Radio,Record
Changer, Recorder, Amplifier and Tuner models—for faster, easier,
more profitable servicing.

COMPLETENESS and exclusive features make PHOTOFACT the overwhelming choice of Servicemen
COMPLETE Schematic Coverage

Famous ““Standard Notation” uniform sym-

installation notes where required). All parts

cabinet. Blank pin or locating key on each A T
i are keyed to chassis photos and schematics

tube is shown. Charts include fuse location

bols (exclusive with PHOTOFACT) are used
in every schematic. Diagrams are large, easy
to read and handle. Waveforms and volt-
ages are shown right on the schematic for
fast analysis. Transformer lead color-coding
and winding resistances appear on the sche-
matic. Schematics are keyed to parts lists
and to parts on chassis photos.

COMPLETE Photographic Coverage

Photos of all chassis views are provided for
each model (exclusive with PHOTOFACT);
all parts are numbered and keyed to the
schematic and to the parts lists for quicker
parts identification and location.

COMPLETE Tube Placement Charts

Both top and bottom views are shown. Top
view is positioned as seen from back of

for quick service reference.

COMPLETE Alignment Instructions
Complete, detailed alignment data is stand-
ard and uniformly presented in all PHOTO-
FACT Folders. Alignment frequencies are
shown on radio photos adjacent to adjust-
ment number—adjustments are keyed to
schematic and photos.

COMPLETE Tube Failure Check Charts
Shows common trouble symptoms and tubes
generally responsible for such troubles.
Series filament strings are schematically pre-
sented for quick reference.

COMPLETE Parts Lists

Detailed parts list is given for each model.
Proper replacement parts are listed (with

for quick reference.

COMPLETE Field Service Notes

Each PHOTOFACT Folder includes time-
saving tips for servicing in the customer’s
home—hints for quick access to pertinent
adjustments, safety glass removal, special
advice covering the specific chassis, etc.

OUTSTANDING EXTRA FEATURES
Each and every PHOTOFACT Folder is
presented in a standard, wniform layout for
quick, easy use. PHOTOFACT also main-
tains an inquiry service bureau for the benefit
of its customers.

Whatever servicing method you prefer—checking of waveform, voltage or resist-
ance—you'll find all the information you need at your finger-tips in PHOTOFACT.
For only 2%2¢* per model, PHOTOFACT helps you solve your service problems in

just minutes—helps you service more sets and earn more daily!

Over

14,000,000

PHOTOFACT

*Based on the average number of models covered
in a single set of PHOTOFACT Folders.

FOR S

ERVICE TECHHICIANS ONLY |

T Covers o,

er 28,000

Howard W. Sams & Co., Inc.
2203 E. 46th St., Indianapolis 5, Ind.

| I
! ]
= O Put me on your mailing list to receive the Sams Photofact {
Folder Sets Fill out and mail coupen todoy | Index and Supplements. My (letterhead) (business card) is |

[ B ill ou ttached

, - . at he Sams attached.

‘in. e ‘ % bscription to ¥
.ure Iniuse L i 2 o for Free s‘;ur guide 1o virtually | 3 Send me the details of the Easy-Pay Plan. !
earning more daily p e P25 4 '"dex—e?ver model you may ever { O I'm a Service Technician: [ full-time; O part-time }
for thousands of any rec . W1 also send

y 3 fa. have 1o service. We.l a gt l My Distributor is: l
Service Technicians ou our plan showing ho . i '
Zan own the PHOTOFACT Library e I
the Easy-Pay-Way: [ Attn: |
; Address E
| city Zone State I
_____________________ -

12

www.americanradiohistorv.com

RAPIO & TY NEWS



www.americanradiohistory.com

6 months
from today

add technical training to your
practical experience. Get your FCC
license quickly!

then use our effective T

Job Finding Service!

We Guqranfee

[N, SIS TS

: “Your FCC License

If you fail to pass your Commercial License exam after com-
pleting our course, we guarantee to continue your training
without additional cost of any kind until you successfully
obtain your Commercial License.

Mere's proof FCC Licenses can be secured in a few hours
of study with our training at home in spare time.

Name and address License Time

John H. Johnsen, Boise City, Okla... 20 weeks

Prentice Harrison, Lewes. Delaware.. . Ist Class 27 weeks

William F. Masterson. Key West, Fla .2nd Class 24 weeks

J. A. Niedeck, Bethlehem, Pa........ .2nd Class 8 weeks

Gerald J. Collier, Columbus, Ohio............... 2nd Class 16 weeks

frsis st adaions

Employers Make Offers Like These =g

{ . £ N e P A T D . U O T A

to Our Graduates Every Month

Broadcast Station in lliinois: “We are in need of an engineer with a first
class phone license, preferably a student of Cleweland Institute of Radio
Electronics: 40 hour week plus 8 hours overtime.’

West Coast Manufacturer: “We are currently in need of men with elec-
ironics training or experience in radar mamtenance We would appreciate
vour referral of interested persons to us.

Our Trainees Get Jobs Like These Every Month

(‘Hll F ENGINEER
R enrolling with Cleveland Institute I have

received my 1st class license, served as a transmitter
engineer and am now Chief Engincer of Station
WAIN. I also have a Motorola 2-Way Nervice Xta-
tion. Thanks to the Institute for making this pos-
sible.”

Lewis M. Owens, Columbia, Ky.
TEST ENGINEER

=T am pleased to inform You that [ recently secured
a position as Test LEngineer with Melpar, Inc.
(Rubsidiary of Westinghouse) A substantial salary
inerease was involved. My Cleveland Institute
training played a major role in qualifying me for
this position.””

3oyd Daugherty, Falls Church, Va.

Names of Trainees in Your Area
Provided on Request

Carl E. Smith, E.E., President

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RN-7, 4900 Euclid Bldg., Cleveland 3, Ohic

July, 1957

Get these valuable
Booklets

.

g |

Muoney Making

OF RADIO ELECYRONICS

\e".

fsamP

LICENSE
EXAMINATIONS

MASTER COURSE

Dept. RN-7, 4500 Euclid Bldg., Cleveland 3, O.

rﬂ-----—--------_--

I Please send Free Booklets prepared to help me
i get ahead in Electronics. | have had training or
experience in Electronics as indicated below:

] Broadcasting
[] Home Experimenting

] Military

[] Radio-TV Servicing
] Manufacturing

] Amateur Radio

In what kind of work are you In what branch of Electronics

[] Telephone Company
(] Other—

j now engaged? are you inferested?

}\lame,4

JAddress
kiiyé B .
i

Special Tuition Rates to Members of Armed Forces

\
|
1
]

Zone State.

[N N B N 8 B N B BN N N8 B _B_§_ 8 _N_ N N _ N _§N_§N_ N
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- BUID THE BeQT—

o,

knight-
Kits

X
knight=kits

X
knight=kits

EASY TERMS AVAILABLE

NEW knight-kit Hi-Fl VALUE
30-WATT DELUXE AMPLIFIER KIT

gl SIS
‘:'\‘t::i‘\z\\;:&&zr'\'\*‘i S

* o New Printed Circuit Switches!
Model Y-762 e Three Printed Circuit Boards?

$7495 o 8 Inputs @ Fyll Equalization!

o Full 30 Watts e Custom Case!?
A Hi-Fi triumph at low cost! Linear-deluxe
Williamson-type power amplifier circuit (law-
less response + 14 db, 15-100,000 cps at full
30-watt levell); equalization for all records,
within !4 db of recommended accuracy; 2 ex-
clusive new printed-circuit switches; 3 printed-
circuit boards for quickest, easiest, error-frec
construction; separate continuously variable
Level and Loudness controls; 8 inputs for
every signal source; DC on all filaments of
preamp tubes; exclusive 3-way speaker selector
switch (use speakers of mixed impedance with-
out mismatch!); Power Amplifier Distortion—
Harmonic, 0.55%, at 30 watts— IM, 0.749, at
20 watts; rumble filter switch; variable damp-
ing. With beautiful “space-saver” case—ready
for easy. money-saving assembly.
Shpg. wt., 32 lbs.

Model Y-762. Net F.O.B. Chicago.... 3749

See our Supplement No. 165 for additional
knight-kit Hi-Fi values

SUPPLEMENT
featuring knight-kits
Send for our FREE Supple-
ment No. 165 featuring 45
great Knight-Kits, including
Test instruments, Hi-Fi,
Hobbyist and Amateur kits,
Write for your copy today.

* Presenting latest information on the Radio Industry.

By RADIO & TV NEWS
WASHINGTON EDITOR

A REMARKABLE OPTICAL ELEC-
TRONIC light-amplifying technique,
with a sensitivity 1000 times greater
than a standard TV camera, has been
developed, as the result of a research
program of the Air Research and De-
velopment Command, under the spon-
sorship of ARDC’s Aeronautical Re-
search Laboratory at the Wright Air
Development Center in Dayton, Ohio.
Called the cat eye, this powerful
electronic tool is expected to provide a
means for answering the questions
about the canals on the planet Mars.
It may also provide the answers to
other questions that have long con-
cerned astronomers. This may be ac-
complished by taking better photo-
graphs than previously possible, even
with the finest telescope, using con-
ventional photographic methods.
Conventional photographs of planets
and other heavenly bodies taken even
with the best telescopes suffer from
the jitters. The jitter is caused by
tremors of air masses in the earth’s
atmosphere which affect the resolution
of distant objects such as planets and
galaxies, because the light is deflected
first in one direction and then in an-
other. An example is the shimmering
of starlight seen on a clear night. This
shimmer causes the photographs to
blur, since conventional photographic
techniques require exposures of several
seconds for Mars, and even longer pe-

riods for more distant planets or the
stars.

By using the cat eye, ARDC experts
say, with a telescope of only 24-inch
diameter, it is expected that pictures
of Mars may be made in a few thou-
sandths of a second, thereby shooting
between the tremors in the atmos-
phere.

To the human eye, light appears to
be steady and continuous. Actually, it
is composed of many separate photons,
each of which is a separate small train
of light waves. The human eyc de-
tects only about one photon in twenty,
enough to see by daylight or lamplight.

In comparison, the cat eye contains
a transducer which collects and con-
verts photons much more efliciently
than the human eye. It permits a use-
ful total light amplification of several-
hundred-million times. Also, the latest
transducer is especially improved in
sensitivity in the red and near infra-
red portions of the spectrum, which
are most suitable for observations of
planets.

Work on the cat eye light amplifier
concept began at ARDC's Wright Air
Development Center in the summer of
’53. A research working model was
constructed and successfully flight-
tested. During the test flight airborne
observers were able to see the ground
clearly on a moonless night.

The electronic gear featured in the

NEW TELEVISION STATION GRANTS

An additional listing of new construction permits and changes that
have been made in station call letters. List continued next month.

STATE CITY CALL CHANNEL FREQUENCY POWER*
Missouri St Louis ..., 11 198-204 316
Texas Victoria ., ..., 19 500-506 20

NEW CALL LETTER ASSIGNMENTS

STATE CITY CALL CHANNEL FREQUENCY
1llinois La Salle WEEQ-TV 35 596-602
Indiana Ft. Wayne WANE-TV 15 476-482

(Formerly WINT-TV)
” Indianapolis WLWI 13 210-216

* ERP = (effective radiated power, kw.)

14
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FOR
RELIABILITY...
WHICH |
'CAPACITOR
DO YOU
PREFER?

BURTON BROWNE/New York

PYRAMID...
SAID

4:6

OUT OF

EVERY 6 |
SERVICEMEN

CAPACITORS—RECTIFIERS
FOR ORIGINAL' EQUIPMENT—~FOR REPLACEMENT

N —

1445- HUDSON BLVD,, NORTH. BERGEN, NEW JERSEY .

July, 1957
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music to your ears, too!

kY

NEW SONOTONE CA-12 12" CO-AXIAL LOUDSPEAKER

40-14,000 cycles—elliptical cone tweeter—complete divid-
ing network. And the price...$19.50. That’s right, $19.50.
Yet it out-performs speakers selling at three times the
price. Interested ? Listen to the CA-12 and be convinced.

Ask your deaier for @ demonstration, or send your name and address for full details.

Electronic Applications Division

®
CORPORATION

ELMSFORD, N. Y.

SONOTONE CORPORATION, Dept. LN-77, Eimsford, N. Y.

ADDRESS

|
[
|
| NAME
l
|
|
|

www americanradiohistorv com

their desired route; and furthermore,
it will provide the information neces-
sary for vectoring the new turbo-prop
and jet aircraft along routes which
will permit them to climb rapidly to
the higher cruising altitudes at which
they are designed to operate.

It will also be possible, by observing
the positions of aircraft approaching
the airports, to plan and control more
efficiently the approach sequence, in or-
der to have a continuous flow of air-
craft into and away from the terminal
without the resultant delays which
now occur when it becomes necessary
to stack aircraft.

Briefly, the procedures at the air-
traffic control center will be: Immedi-
ately when a departing plane appears
upon the controller’s radar indicator,
the pilot will be advised to fly a head-
ing which will route him away from
possible conflict with other aircraft;
and when it is evident that he is sep-
arated horizontally by at least five
miles from other aircraft, which are
at the altitude he intends to climb
through, he will be cleared to climb to
the appropriate altitude. The progress
of the departing aircraft will bhe moni-
tored until it has proceeded out of
range of the radar.

An inbound aircraft will be first de-
tected and identified at the outer edge
of the radar, and its progress moni-
tored to approximately 20 miles from
the airport, at which time, if required,
the controller will commence vectoring
the aircraft over the most expeditious
route to the final approach to the air-
port, at all times maintaining five-
mile separation between the aircraft
at the same altitude. Once the aircraft
is positioned upon the final approach,
the pilot will utilize existing approach
facilities to align his aircraft with the
runway, and the air-traffic controller
will continue to monitor the position
of the aircraft with respect to the
other airliners in the area.

The altitude coverage of the new ra-
dar system, in normal operation with a
fixed antenna tilt, is on the order of
15,000 feet. This can be increased at
will by tiiting the antenna so as to
raise the angle of the beam. The an-
tenna can be tilted to the desired angle
by remote control from the display po-
sition of the radar setup. It is there-
fore possible to have radar coverage
of high-flying aircraft, though at the
expense of the low-angle coverage. The
antenna tilt angle in use is indicated
at the display position.

The peak power of the radar system
in use at the Montreal airport is 250,-
000 watts; the system operates in the
X band where the wavelength is 3
centimeters long or just a little more
than one inch. The antenna’s beam
width in the horizontal plane is about
.5 degree, resulting in high definition.

For close-range operation (less than
15 miles) the equipment can be set up
to emit 2000 pulses per second, each
pulse being under ten-millionths of a
second in duration. For ranges above
15 miles, the pulse rate is 500 per sec-

RADIO & TV NEWS
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MR. ELECTRONICS MAN:
If you're willing

to lose your job tomorrow
to a technically-trained man,
don’t read this!

But, if you’re interested in an honest-to-goodness career in the
vigorous young electronics industry, here’s how you can step
ahead of competition, move up to a better job, earn more
money, and be sure of holding your technical job even if the
brass is firing instead of hiring.

The “how” is CREI training in radio-television-electronics.
You don’t have to be a college graduate. You do have to be
willing to study—at home. You can do it while holding down
a fulltime job. Thousands have. However, you must have
some prior electronic experience, either in military service,
professional employment, experimenting, or ham operating.
Since 1927 CREI has provided alert young men with the tech-
nical knowledge that leads to more responsibility, more job
security, more money. More than a quarter century of ex-
perience qualifies CREI to train you.

What qualifies you for CREI? If you have a high school
education, you're off to a good start. If you have a knack for
math, so much the better. If you are currently working in
some phase of the electronics industry, you’ll get going faster.
But remember this: CREI starts with fundamentals and takes
you along at your own speed. You are not held back by a
class, not pushed to keep up with
others who have more experience or
education. You set your own pace. |
Your CREI instructors guide you |
through the lesson material and I
grade your written work personally. :
You master the fundamentals, then I
get into more advanced phases of |
electronics engineering principles |

|
|
|
|
|
|
|

tronies’ | |
tunities and CREI home
courses in Practical Electronie
gineering Technology.

and practice. Finally you may elect

training at career level in highly spe- Name
cialized applications of radio or tele-
vision engineering or aeronautical SUERE s auserereteianianne
radio.
How good is CREI training? Here Gity

are a few ways to judge. Ask an

July, 1957

ECPD Accredited Technical Institute Curricula ® Founded 1927
Dept, 117-D, 3224 16th St., N. W., Washington 10, D. C.

Please send me your course outline
and FREE illustrated Booklet ‘‘Your
Future in the New World of Elec-
. describing oppor-
study

En-

electronics engineer, if you know one. Ask a high-school or
college physics teacher. As a radio station engineer. Check
up on our professional reputation: CREI home study courses
are accredited by the Engineers’ Council for Professional De-
velopment; CREI is an approved member of the National
Council of Technical Schools. Ask personnel managers how
they regard a man with a CREI “ticket.” Look at this partial
listing of organizations that pay CREI to train their own per-
sonnel: United Air Lines, Canadian Broadcasting Corp., Trans-
Canada Airlines, Douglas Aircraft Co., Glenn L. Martin Co.,
Columbia Broadcasting System, All-American Cables and
Radio, Inc., Gates Radio Co., Canadair Ltd., Federal Electrical
Corp., and U. 8. Information Agency {Voice of America).
Finally, ask a CREI graduate to tell you about our Placement
Bureauw, which currently has on file more requests for trained
men than we can fill.

What’s the next step? The logical one is to get more in-
formation than we can cram into one page. The coupon below,
properly filled out, will bring you a fact-packed hooklet called
“Your Future in the New World of Electronics.” It includes
outlines of courses offered, a resume of career opportunities,
full details about the school, and tuition details. It’s free.

Note: CREI also offers Residence School instruction, day or evening, in
Washington, D.C. New classes start frequently. If you are eligible for
training under the new GI Bill of Rights, check the coupon for fall
information.

CHECK FIELD OF GREATEST INTEREST your request

fol-

To helb us answer
intelligently, please give the

QO Electronie Engineering Technology lowing information:
0 Broadeast (AM, FM, TV) Engineering
Technology
[ Television Engineering Technology gy“’LOYED .
0 Aeronautical Electronie Engineering
Technology
TYPE OF

PRESENT WORK

SCHOOL
BACKGROUND

esnunnoan

ELECTRONICS
EXPERIENCE
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at Ward...

REAR FIN
ANTENNA

Newest, smartest, pace-setting reat
fin on the market. Heavy chrome
plated—3 sections extend to 277
15-ft. lead with built-in signalj,
booster.

MODEL
NO. TFL-1

Also available as

dummy mount.
—Model TFD-1

... AND HERE'S MORE!

NEW FENDER PADS
... fOor 1957 cars

Fender Pads—

For mounting 8-Ball
mount antennas on
front fenders of
1957 cars. C-61

Fender Pads—

For mounting Tear
Drop mounts on
front fenders of
1957 cars. C-62

wWard S~ =

TEAR DROP MOUNT Smart NEW
Replacement Masts

No need to disturb the mast.
Just slip on and tighten. Easi-
est, quickest replacement ever

The fastest selling style leader of them all
. .. the replacement antenna with original

equipment styling. Mounts completely out- developed. Bell-shaped collar
side the car ... easily . .. quickly. Heavy on mast fastens to stub of
chrome plate . .. 3 sections extend from original antenna mast with
22" to 56”. set screws.

Just a few of Ward’s new quality leaders that have joined the famous Ward
family — 8-Ball, Majorette, and Silveramic®. Order TODAY. For complete
information, write: Dept. RTN-7.

See us in ROOM 509A—1957 Electronics Parts Distributors Show

s PRODUCTS
wal'd CORPORATION

DIVISION OF THE GABRIEL COMPANY

1148 EUCLID AVE. ¢ CLEVELAND 15, OHIO
IN CANADA, ATLAS RADIO CORPORATION + 50 WINGOLD AVE. - TORONTO, ONTARIO
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ond, each two/one-millionth of a sec-
ond long. The ability of the radar to
employ a very short pulse and high
repetition rate for short range pro-
vides a high degree of definition in the
immediate area of the airport.

The receiver portion of the equip-
ment is arranged to provide both
linear and logarithmic amplification.
The log characteristic is very useful in
detecting aircraft in rain, where it
might not be possible to detect them if
only the linear characteristic were
available.

WITHIN THE SCOPE of the natural
English language, an infinite number
of different sentence structures is pos-
sible. One might expect that some of
these structures occur much more fre-
quently than others and account for
the bulkiof the sentences actually used.
Information about such occurrences
would be of interest in many fields,
scientific as well as literary, and the
question has therefore often been dis-
cussed. More specifically, information
is needed on the statistical frequency
at which different structures occur.
The complexity of this problem is such,
however, that little or nothing appears
to have been definitely established con-
cerning it.

Recently, the Bureau of Standards
completed a brief exploratory study of
the problem with the help of an auto-
matic digital computer (SEAC—the
Standards Electronic Automatic Com-
puter).

Although only a small sample (500
sentences) was studied, some of the re-
sults are believed sufficiently interest-
ing to justify further investigation
along the same lines. The research is
being supported by the U. S. Patent
Office.

PENDING THE OUTCOME of the na-
tionwide investigation of the u.h.f. and
v.h.f. channel problems, there has been
little grant activity at the Commis-
sion’s offices. Only a few authoriza-
tions have been issued, as the table on
page 14 discloses.

THERE 1S HARDLY A MONTH that
passes that does not see some new
electronic products developed or intro-
duced, thus declared an industry -ex-
pert recently during an address before
a marketing group.

For the consumer, it was said, these
developments offer the promise of a
richer, fuller life—better aids to better
living and the world’s wealth in enter-
tainment and culture. To business and
industry, these advances mean greater
efficiency and productivity.

In addition, it was noted, our na-
tional security is constantly being
strengthened because of the increas-
ingly effective electronic devices and
weapons being devised to guard us on
the ground, at sea, and in the air.

And industry benefits, too, as it pro-
vides these new services and makes
possible the advances—advances that
spell a brighter future for all. . L. W.

RADIO & TY NEWS
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®

RCA INSTITUTES, INC.

A SERVICE OF RADIO CORPORATION of AMERICA

350 WEST FOURTH STREEY, NEW YORK I3, N.Y,
In Canada—RCA Victor Company, Ltd.,
5001 Cote de Liesse Rd., Montreal 9, Que.

July, 1957

Pay-as-you-learn. You need pay for only one
study group at a time. Practical work with
very first lesson. All text material and equip-
ment is yours to keep. Courses for the beginner
and advanced student.

RCA Institutes, Inc., Home Study Dept. N-77
350 West Fourth Street, New York 14, N. Y.

I
I
Without obligation, send me FREE 52 page CATALOG on Home |
Study Courses in Radio, Television and Color TV. No Salesman will call. I

I

® — e — et — — — — —
ol
@®
o
@
®
o
aE
3

Name. .. e e |
|

Address. .. e I
[ Zone.... State....... ... :
KOREAN VETS! Enter discharge date I
To save time, paste coupon on postcard [
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THE huge antenna systems which
project ultra-high frequency radio
communications beyond the horizon
began when a Bell Telephone Labora-
tories engineer became intrigued with
a strange phenomenon. Although these
radio waves were supposed to be use-
ful only over line-of-sight distances,
the waves displayed a mysterious tend-
ency to take off in a giant stride to
antennas beyond the horizon,

This phenomenon had been studied
both here and abroad, but no practical
use was seen until the engineer became
intérested and thoroughly sifted the ex-
perimental data. He came up with the
stimulating conclusion that over-the-
horizon transmission is far stronger
and much more dependable than was
generally supposed. Further he pre-
dicted that it could be utilized to sup-
ply dependable broadband communi-
cations. He and his associates at Bell
Laboratories confirmed the prediction
experimentally, then drew up require-
ments for the first over-the-horizon
UHF transmission system.

22

Giant over-the-horizon antenna designed by Bell Telephone Lab-
oratories for “White Alice,” Air Force Alaskan defense communi-
cations network.

This pioneer work at Bell Telephone
Laboratories has greatly increased the
usefulness of UHF communications.
For example, over-the-horizon trans-
mission now provides critically impor-
tant communications between remote
military outposts in the Arctic and in
the far north.

For the Bell System it can provide
important new links for telephone con-
versations and television.

Kenneth Bullington,
B.S.E.E., University
of New Mexico; M.S.,
Massachusetts Insti-
tute of Technology;
recipient of the 1956
Morris Liebmann Me-
morial Prize and the
1956 Stuart Ballantine
Medal for his contri-
butions in the field of over-the-horizon ultra-
high frequency radio transmission.

BELL TELEPHONE LABORATORIES

Experimental antenna used in early over-
the-horizon UHF radio transmission re-
search. Research extended transmission
from 30 miles line-of-sight to 200 miles.

WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

www.americanradiohistorv.com
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RESISTORS

for your Delco Radio service work!

It’s one-stop service from the world leader in auto radio! Your
Delco Electronic Parts Distributor gives you fast delivery on all
items, plus a truly profitable Delco Radio independent dealer
program that includes: wonbew oam ]

2. An attractive warranty policy. D I o

3. Plenty of attractive dealer identification. DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA

1. A technical training program conducted by factory engineers.

‘Delco Radio also offers a wide selection of Special Application
Parts for your convenience and profit. Get the facts today.
0 Distributed by Electronics Distributors Everywhere

July, 1957 23

A GENERAL MOTORS PRODUCT == A UNITED MOTORS LINE
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GUARANTEED
PERFORMANCE
SPECIFICATIONS

An Altec Lansing Exclusive!

802C DRIVER and 811B HORN

power: 30 watts
guaranteed
range: 800-22,000 cycles
impedance: 16 ohms
distribution: Hor., 90°
Vert., 40°
dimensions: 854" H; :
183" W; 16" D
price: © 802-—%57.00
811—$27.00

N-8OOD NETWORK

. impedance: 16 ohms
hf attenuation:  4—1 db steps
CroSSOVer: 800 cycles
dimensions: 815" H; 514" W,
315"D
© price: $42.00

- 803A SPEAKER

power: 30 watts

impedance : 16 ohms

guaranteed

range: 30-1600 cycles

mag. weight: 2.4 ibs.

v.c. diam,: 37

cone res.: 45 cycles

dimensions: Diam., 153",
Depth, 7/

price: $60.00

A SOUND REPUTATION SECOND TO NONE

1515 S. Manchester Ave., Araheim, Calif.
161 Sixth Avenue, New York 13, New York

LTEC

LANSING CORFIRATION
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Membership comprises two repre-

sentatives each from advertismg and
promotion managers of Institute mem-
bers, sales executives of member
companies, technical press, and mem-
ber advertising agencies serving mem-
ber clients.
ROBERT J. BROWN has been named
sales manager for the Mincom Division
of Minnesota Min-
ing and Manufac-
turing Company.

In 1954 Mr. Brown
joined the electron-
ics division of Bing
Crosby Enterprises,
predecessor com-
pany of this divi-
sion. Previously he * :
had been engaged in electronics sales
for International Business Machines
Corp. A graduate electronics engi-
neer, he worked in an engineering ca-
pacity at Bendiz Aviation Corp. and
Sperry Gyroscope Co.

Formerly assistant sales manager of
this division, he will operate from its
new headquarters at 11701 Mississippi
Avenue, West Los Angeles, Calif.

* ES &

COLORADO RESEARCH CORPORATION,
a subsidiary of CARRIER CORPORA-
TION, plans to move into a new, one-
story laboratory and office building in
Broomfield Heights, 15 miles north-
west of Denver. Occupancy is sched-
uled before the end of the year ...
The general sales offices of the SEN-
TINEL RADIO COMPANY are_relocated
at’ 2131 Bueter Road, Fort Wayne, In-
diana . . . Construction has begun on
a new facility at the Waltham Labo-
ratories of SYLYANIA ELECTRIC PROD-
UCTS INC. for expanded research and
development in missile systems. The
new 40,000 square foot building is
scheduled for completion in October
. . . ZENITH RADIO CORPORATION OF
CALIFORNIA, a wholly owned subsid-
iary of ZENITH RADIO CORPORATION,
announces the relocation of its general
offices to 3107 Wilshire Boulevard, Los
Angeles, Calif. . . . COMMUNICATION
BEVICES COMPANY announces the re-
moval of its offices and laboratories to
a newly equipped building at 269 East
Shore Road, Great Neck, Long Island,
N. Y. . .. Construction is under way
on an ultramodern manufacturing and
repair plant for the WESTINGHOUSE
ELECTRIC CORPORATION at Compton,
Calif. The concrete and steel building,
which is expected to be completed by
November, is located on a seven-acre
site in the Rancho San Pedro indus-
trial area. The building will have
80.000 square feet of plant area, and
8000 square feet of office space . .. A
midwestern regional office located in
the Palmolive Building, 919 North
Michigan Ave., Chicago, Ill., has been
established by the computer division of
BENDIX AVIATION CORPORATION . . .
Approximately 40,000 square feet of
manufacturing and warehouse space
have been added to the SEL-SON ELEC-
TRONIC TUBE CORP. plant in Darby,
Penna. . . . TRACERLAB, INC. has dedi-

RADIO & TV NEWS
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WE TRADE HIGHER!

NATIONAL NC.188 RECEIVER.

Less speaker. Net...... verenees $159.95

HALLICRAFTERS $X-100 RECEIVER.
Less speaker. Netivovvernenennenns $295.00

JOHNSON "500" TRANSMITTER.
Kit Form. Net..coirerveeeeennnns $699.50
Wired and Tested. Net......... $879.50

Kit Form. Net.ocoioirinieenirones $349.50
Wired and Tested. Net..ueuens $439.50

HEY! LOOK!

HOW ABOUT THIS?

BUY THIS PACKAGE DEAL AND GET A
BRAND NEW BC.458 FOR ONLY 50¢
PACKAGE NO. 1

Central Electronics 20A in kit form $ 199.50
BC-458 conversion kit - 15.00
Deluxe case and panel kit 10.00

BC-458 — BRAND NEW 50

OUR SPECIAL PRICE $ 225.00
PACKAGE NO. 2

Central Electronics 20A in wired form $ 249.50

BC-458 conversion kit 15.00

Deluxe case and panel kit 10.00
BC-458 — BRAND NEW .50
OUR SPECIAL PRICE $ 275.00

we ofFfFeR YOU aLL THIS

P HIGHER TRADES
DEASIER TERMS

D FREE CATALOG

P SWIFTER SERVICE
D AN HONEST DEAL

WRITE FOR FULL DETAILS ABOUT OUR TIME PAYMENT PLAN

All prices £. o. b. St. Lovis o

Phone CHestnut 1.1125

RADIO CO.
1125 PINE ST.'s ST. LOUIS 1, MO._

July, 1957

b WALTER ASHE RADIO COMPANY OUR 35TH YEAR g
§ 1125 Pine Street, St. Louis, Mo. []
1 O Rush "Surprise" Trade-In Offer on MY e T A T P TreTrsts s TN O et et et e Atv g o i
OO P UURNURUPOUPRI ]
] {show madke and model of new equipment desired) RN 7-57 ]
i [J Send NEW 1957 Walter Ashe cotalog. 1
B N aMeE i R b e e 1
B Address..i.oc. s s e e L e o e E B B A e i B 1
B Gty st o S o R R Zone....... SHAE . it ]
LN N N N N N N F N B N B N N _N N N N _§N N N _§N_ §N ¥ § N N N §N §N §R_J
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From this exclusive HIGH
" FREQUENCY filter originates
the cleanest signal on the air!

Hallicrafters new HT-32 transmitter features

5.0 me. quartz crystal filter...new bridged-tee
modulator...high stability...gear-driven V.F.O.

» Forget your old ideas about SSB
signal clarity! The HT-32 establishes
entirely new standards with two major
achievements of the world famous
Hallicrafters laboratories—yours ex-
«clusively in the HT-32;

1. 5-0 mec. quartz crystal filter. Result
of a 3-year research program, the
crystal filter system now is com-
mercially practical at high fre-
quencies. System cuts unwanted
sideband 50 db. or more!

i

New bridged-tee modulator. Tem-
perature stabilized and compen-
sated network provides carrier
suppression iz excess of 50-db. Pat-
ented diode application develops
sideband energy fromaudio voltage.
World’s most stable modulator.

“These and many other features make
your decision c¢lear—compare the HT-
32 with any other transmitter avail-
able. Your supplier has all the details.
Stop by and see him today.

ADDITIONAL FACTS ABOUT THE HT-32

¢ SSB, AM or CW output on 80, 40;
20, 15, 11-10 meter bands.

e High-stability, gear-driven V.F.O,

s 144 watts peak power input.

¢ Distortion products down 30 db or
more.

¢ Complete band switching.
o P.T.O. direct reading in kilocycles,
o C.V.1I. suppressed.

BESTIODESINL
KETONSARE BORN.

@

S

iR 2

Available with convenient terms from your Radio Parts Distributor,
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cated an ultramodern building in Wal-
tham, Mass., thus consolidating its east
coast operations under one roof . ..
BRUSH ELECTRONICS COMPANY has es-
tablished a factory  branch office at
1960 South LaCienega Blvd., Los
Angeles, Calif. The electronic
products sales department of SYL-
VANIA ELECTRIC PRODUCTS INC. has
consolidated its east central and cen-
tral equipment sales regions into a
single area to be known as the mid-
western equipment sales region with
headquarters in Melrose Park, I1l. In
addition, this company has broken
ground at Amherst, N. Y. for a new
multi-million-dollar research and de-
velopment center for the company’s
electronic systems division. Comple-
tion of the 100,000 square foot building
is scheduled for February, 1958.
kS kS &

HUGO SUNDBERG has been elected by
the board of directors of Oxford Elec-
tric Corporation as
president and mem-
ber of the board. He
succeeds Mr. Joseph §
D. Ceader, who was [
elected chairman of
the board.

Mr. Sundberg has
been in the electron-
ic, radio, television,
and allied fields for many years and is
well-known throughout the industry
for his knowledge of manufacturing
and merchandising of electronic com-
ponents, including speakers and trans-
formers.

Prior to his election, he had been

vice-president and general manager of
the firm and its subsidiaries.
PAUL JACKSON, president of Jackson
Electrical Instrument Company of
Dayton, Ohio, died after an extended
illness. )

Mr. Jackson was a pioneer in the
manufacture of test equipment for the
radio and television servicing industry.
The business which bears his name was
incorporated in 1933 to manufacture
tube testers and other equipment.

Mr. Jackson also held many patents
in the field.

RADIO - ELECTRONICS - TELEVISION
MANUEACTURERS ASSOCIATION'S
Trade Show Survey Committee is
studying the effectiveness and the
utility of the constantly increasing
number of trade shows in the elec-
tronics industry.

A questionnaire asks RETMA mem-
bers the number of trade shows in
which they have participated during
1955 and 1956. Among other things, it
also seeks to determine the number of
shows or exhibits in which individual
companies took part during the same
period. The survey is aimed at deter-
mining the cost to manufacturers of
these exhibits and their opinion as to
the value of trade shows.

The questionnaire represents the
first of a series of activities planned
by the committee which views with

(Continued on page 106)

RADIO & TV NEWS
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NEW!I12-WATT Williamson-type HIGH
FIDELITY INTEGRATED AMPLIFIER HF12
g N with Preamplifier,
Equalizer &
Control Section

I
KIT*34° WIRED *57°°

Compact, beautifully packaged & styled. Provides
complete “front-end’’ facilities and true high
fidelity performance. Direct tape head & mag-
netic phono inputs with NARTB (tape) & RIAA
(phono) feedback ecqualizations. 6-tube circuit,
dual triode for variable turnover bass & treble
feedback-type tone controls. Qutput Power; 12
w cont., 25 w pk. IM Dist. (60 & 6000 cps @ 4:1):
1.5% @ 12 w; 0.55% @ 6 w; 0.3% @ 4 w.
Freq. Resp.: 1 w: 0.5 db 12 cps — 50 kc; 12 w:
#+0.5 db 25 cps — 20 kc. Harmonic Dist: 20 cps:
20 @ 4.2 w; V4% @ 2.5 w; 30 eps: 2% @ 11 w;
10% @ 6.3 w; 40 cps: 1% @ 12 w; 2% @ 9.3 w;
2000 cps: ¥2% @ 12 w; 10 ke: 1% @ 10°w; 14%
@ 6 w. Transicnt Resp: cxcellent square wave
reproduction (4 usec risc-time); negligible ring-
ing, rapid settling on 10 kc square wave. Inverse
Fecdback: 20 db. Stability Margin: 12 db. Damp-
ing Factor: above 8, 20 cps — 15 kc. Spcaker
Conncctions: 4, 8, 16 olims. Toue Control Range:
@ 10 ke, =13 db; @ 50 cps, =16 db. Tubes:
2.ECC83/12AX7,1-ECC82/12AU7,2-EL84,
1-EZ8]. Size: HWD: 33" x 12" x 8%”". 13 Ibs.
COMING SOON

® @009

HIGH FIDELITY PREAMPLIFIER
anreta k1T $24%, wiren ¥37%°

With Power Supply: =HFe1 KIT ¥29%, wiren $44°°

Will not add distortion or detract from the wide-
band or transient response of the finest power
amplifiers at any control settings. High quality
feedback eircuitry throughout plus the most com-
plete control & switching facilities. Heavy-gauge
solid brushed brass panel, concentric controls,
one-piccer brown cnamel steel cabinet for lasting
attractive appearance. Fcedback-type, sharp cut-
off (12 db/octave) scratch & runible filters. Low-
distortion feedback equalization: 5 most common
recording curves for LPs & 78 including RIAA.
Low-distortion fcedback tonc controls: provide
large boost or cut in-bass or treble with mid-fregs
8 volume unaffected. Centralab printed-cireuit
Senior “‘Compentrol’’ loudness control with con.

i

centric level control. 4 hi-level switched inputs
(tuner, tv, tape, aux.) & 3 low-level inputs (scpa- |

rate front pancl low-level input selector permits |

concurrent use of changer & turntable). Proper

pick-up loading & atenuation provided for all :
quality cartridges. Ham bal, control. DC super- °

imposcd on filament supply. 4 convenience out-
lets. Extremcly flat wideband freq. resp.: *1 db
8-100,000 cps; *0.3 db 12-50,000 c¢ps. Extremely
sensitive. Negligible hum, noise, harmonic or 1M
distortion. Size: 4-7/8” x 12-5/16” x 4-7/8”". 8 1bs.

NEW

See the “BEST BUYS” NOW
IN STOCK at your nearest
distributor. Fill out coupon on

+

“COMPLETE
2-WAY HI-FI SPEAKER SYSTEM #HFs1 *39%°

Genuine 2-way book-shelf size speaker system. Jensen heavy
duty 8" woofer (6.8 oz. magnet) & matching Jensen com-
pression-driver exponential horn tweeter with level control.
Smooth clean bass & crisp extended highs free of coloration
or artificial brilliance. Factory-built tuned bass reflex birch
hardwood cabinet (not a kit) constructed to high quality

NEW! 50-WATT
Ultra-Linear
HIGH
FIDELITY
POWER
AMPLIFIER

HF50 KIT $57° VIIRED *87°

Like the HF60 shown helow, the HF50 features vir-
tually absolute stability, flawless transient re-
sponse under either resistive or reactive (speaker)
load, & no bounce or flutter under pulsed condi-
tions. Extremely high quality output transformer
with extensively interleaved windings, 4, 8, & 16 ohm
speaker connections, grain-oriented steel. & fully potted
in seamless steel case. Otherwise identical to HF60.
Output Power: 50 w cont,, 100 w pk. IM Distor-
tion (60 & 6000 cps @ 4:1): below 1% at 50 w; 0.5%,
@ 45 w. Harmonic Dist.: below 0.5% between 20
cps & 20 kc within 1 db of rated power. Freq. Resp.
at 1 w: 0.5 db 6 cps —60 ke; £0.1 db 15 cps —30
ke at any level from 1 mw to rated power; no peaking
or raggedness outside audio range. All other spues
identical to HF00 below. Matching Cover E-2
$4.50.

e

The specs are the p’fo'bf R

S

| bg

et

L2"""60-WATT Ultra-Linear
HIGH FIDELITY POWER AMPLIFIER #HF60
with ACRO T0-330 OUTPUT TRANSFORMER

KIT #72%

Superlative performance, obtained through finest
components & circuitry. EF86 low-noise voltage am-
plifier direct-coupled to 6SN7GTB cathode coupled
phase inverter driving a pair of Ultra-Linear connected
Fush-pull EL34 ‘output tubes operated with fixed
hbias. Rated power output: 60 w (130 w peak).
IM Distortion (60 & 6000 cps at 4:1): less than 1%
at 60 w; less than 0.3% at 50 w. Harmonic Dlstor-
tlon: less than 0.3% at any {req. between 20 cps &
20 kc within 1 db of 60 w. Sinusoidal Freq. Resp.:
at 1 w: £0.5.db § cps —100 kc; 0.1 db 15 cps to
35 ke at any level from 1 mw to rated power; no
peaking or raggedness outside audio range. Square
Wave Resp.: excellent from 20 cps to 25 k¢, 3 usec
rise-time. Sensitivity: 0.55 v for 60 w. Damping
Factor: 17. Inverse Feedback: 21 db. Stability Mar-
gin: 16 db. Hum 90 db below rated output. ACRO
TO-330 Output Transformer (fully potted). Speaker
Taps: 4, 8 16 ohms. GZ34 cxtra-rugged rectifier
(indirectly-heated cathode eliminates high starting
voltage on electrolytics & delays B+ until amplifier
tubes warm up). Input level control. Panel mount’
fuse holder. Both bias and DC — balance adjust-
ments. Std octal socket provided for pre-amplifier
power take-off. Size: 77 x 14”7 x 8”. 30 lbs.” Matching
cover Model E-2 $4.50,

with FACTORY-BUILT CABINEJ —

WIRED *99°°

NEW!
50-WATT
Ultra-Linear

e s HIGH-
@ Qe G.00 FIDELITY
INTEGRATED POWER AMPLIFIER HF52

with Preamplifier, Equalizer & Control

KIT *69°* WIRED *109" Section

Combines a power amplifier section cssentially
identical to the HF50 power amplifier with a
preamp-equalizer control section similar to HF20
below. Provision for use with electronic crossover
network & additional amplifier(s). Sce HF50 for
response & distortion specs; HF60 for square wave
response, rise-time, inverse feedback, stability
margin, damping factor, speaker connections;
HF20 for preamplifier, equalizer & control section
description. Hum & noise 60 db below rated out-
put on magnetic phono input (8 mv input for
rated output), & 75 db below rated output on
high level inputs (0.6 v input for rated output).

Matching Cover E-1 $4.50.

“EICO

COMPLETE with Preamplifier, Equalizer
& Control Section
20-WATT Ultra-linear Williamson-Type
HIGH FIDELITY AMPLIFIER #HF-20

KIT *49% WIRED *#79%

A low-cost, complete-facility amplificr of the
highest quality that sets a new standard of per-
formance at the price, kit or wired. Rated Power
Output: 20 w (34 w peak). IM Distortion (60 &
6000 cps/4:1) at rated power: 1.3%. Max. Har-
monic Distortion between 20 & 20,000 cps at 1
db under rated power: approx. 1%. Mid-band
Harmonic Distortion at rated power: 0.3%. Power
Response (20 w): 20.5 db 20-20,000 cps; 1.5 db
10-40,000 cps. Freq. Resp. (V4 w): =05 db 13-
35,000 cps; *1.5 db 7-50,000 cps. 5 feedback
equalizations for LPs & 78s. Low-distortion fecd-
back tonec controls: large boosts or cuts in bass or
treble with mid-fregs. & volume unaffected. Loud-
ness control & separate level set control on front
panel. Low Z output to tape recorder. 4 hi-level
switched inputs: tuner, tv, tape, aux; 2 low-level
inputs for proper loading with all cartridges. Hum
bal. control. DC superimposed on filament supply.
Extremely fine output transformer: interleaved
windings, tight coupling, careful balancing, grain-
oriented steel. 8142” x 15" x 10”. 24 lbs.

Matching cover Model E-1, $4.50.

other side for FREE CATALOG. standards. Neutral acoustical grille cloth framed by a smooth-
sanded solid birch molding. Freq. Resp. measured 2 ft. away
on principal axis in anechoic chamber with 1 watt input
—Woofer: x4 db 80-1800 cps; Tweeter: +2 db 2800-10,000
cps; Crossover Region: 1800-2800 cps, shift in level over
this region depends on twecter level control setting. Power-
handling capacity: 25 waits. Size: 23” x 11”7 x 9”. 25 lbs. Wir-
ing Time: 15 min.

84 Wﬁhe'rs- Sh;eef, Bréoklyn ar, N Y.

Prices 5% hlgher on West Coast.

EICO

July, 1957

Turn page for other EICO ad,
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5” PUSH-PULL

the specs prove it ..

NEW! DYNAMIC "@f\}; osclggzsscops

CONDUCTANCE ¥ KIT”$44,95

: .

your BEST BUY is UBE & TRANSISTOR @ E Wired $7.95
7 TESTER #0666 A . B 7” PUSH-PULL
® KT WIRED ¥ vi OSCILLOSCOPE

69" 109" Ak KIT $79.95

~ 57 Wired $129.50

COMPLETE with steel cover and handle.

SPEED. case, unexcelled accuracy & thoroughness.
Tests all receiving tubes (and picture tubes with

TUBE TESTER

for COLOR & Monochrome TV servicing

adapter). Composite indieation of Gm, Gp & peak #6
3 emnission. Simultancous sel of any 1 of 4 combina- KIT $34.95
tions of 3 plate voltages, 3 screen voltages, 3 ranges Wired $49.95
of continuously variable grid voltage (with 5% o tests 600
e, | accurate pot). New scrics-string voltages: for 600, mil series
g 450, 300 ma types. Sensitive 200 ua meter. 5 % : E string type
s ows you How To SAV 50% ranges meter sensitivity (192 shunts & 5% pot). & & h tubes
10 S1X-position lever switches: {reepoint connec- { I 90 o illuminated
. tion of each tube pin. 10 pushbuttons: rapid insert 3 rolt-chart
on 50 mOde’s Of top qua’,fy of anv tube element in leakage test circuit & speedy
L scl. of individual scctions of multi-scction tubes in  pix Yube Test Adapter ... $4.50
. . nierit tests. Dircet-reading of inter-element leakage
profess,ona’ test e u, ment in ohms, New gear-driven rollechart. Checks n-p-n &
q p ® p-n-p transistors: separate meter readings of ecol- s It
lcctor leakage current & Beta using internal dc i Epi Vo&'
M‘I‘ ca”pa” ”0w /4 power supply. Deep-etched satin aluminum panel; el e't
® rugged grey wrinklesteel cabinet. CRA Adapter $4.50 ammetan
KIT
NEW! | $29.95
NEW! COLOR H
- ’:‘)Siﬁ o TV.FM SWEEP d M h 6V & 12v BATTEERY ELIMINATOR &
B { \
M e GENERATOR & an onocnrome CHARGER #1050

e = MARKER #368

%iw'# % ¥ WIRED
cor gt s
o g— 9% 119"

Entirely clectronie sweep circuit (no mechanical
devices) ' with accurately-biased increductor for
excellent Tinearity. Extremely flat RF output: new
AGC circuit automatically adjusts osc. for max.
output on cach band with min. ampl. variations.
Exceptional tuning accuracy: edge-lit hairlines
eliminate parallax. Swept Ose. Range 3-216 mc in
5 fund. bunds. Variable Marker Range 2-75 mc in
3 fund. bands;: 60-225 mc on harmonic band. 4.5
me Xtal Marker Ose., xtal suppliced. Ext. Marker
provision. Sweep Width 0-3 me lowest max. devia-
tion to 0-3¢ mc highest max. dev. 2-way blanking.
Narrow range phasing. Attcnuators: Marker Size,
RF Fine, RF Coarse (4-step decade). Cables: out-
put, 'scopc horiz.. ‘scope vertical. Deep-ctched
satin aluminum pancl; rugged grey wrinkle steel
cabinet.

NEW! RF A
SIGNAL GENERATOR - =
#324 g%_ @
KIT WRED | =5 ¢
$94% 5395 @ ‘i@ %

150 ke to 435 mc with ONE generator! Better
value than gencrators selling at 2 or 3 times its
cost! Ideal for 1F-RF alignment, signal tracing &
trouble-shooting of TV, FM, AM sets; marker
gen.: 400 cps audio testing; lab. work. 6 fund.
ranges: 1530-100 ke, 400.1200 ke, 1.2.3.5 me,
3.5-11 me. 11-37 me, 37-145 me; 1 harmonie
band 111-135 me. Freq. aceurate to =1.5%; 6:1
vernier tuning & excellent spread at most impor-
tant alignment freqs. Etched tuning dial, plexi-
glass windows, cdge-lit hairlines. Colpitts RF osc.
dircetly plate-modultated by K-follower for
improved mod. Variable depth of int. mod. 0-50%
by 400 cps Colpitts osc. Variable gain ext. ampli-
fier: only 3.0 v nceded for 30% mod. Turret-
mounted coils slug-tuned for max. accuracy. Fine
& Coarse (3-step) RF attenuators. RF output
100,000 uv; AF sine wave output to 10 v, 50-ohm
output Z. 5-way jack-top binding posts for AF in/
out; coaxial connector & shielded cable for RF out.
12AU7, 12AV7, selenium rectifier; xmfr-opcrated.
Deep-etched satin aluminum panel; rugged grey
wrinkle steet cabinet.

TURN PAGE
FOR MORE
EICO VALUES

Pric!s._S'/, higher on-Weil Lanss

BROOKLYN 11, N. Y.

DC to 5 MC LAB & TV
5 0SCILLOSCOPE
, #460
Pk WIRED
‘3 b 57995 Sl 2950

o Features DC Amplifiers!

Flat from DC-4.5 mc, usable to 10 mc. VERT.
AMPL.: sens, 25 rms mv/in; input Z 3 megs;
direct-coupled & push-pull thruout; K-follower
coupling bet. stages; 4-step freq-compensated
attenuator up to 1000:1. SWEEP: perfectly linear
10 cps-100 ke (ext: cap. for range to 1 cps); pre-
set TV V &H positions; auto. sync. ampl. & lim.
PLUS: direct or cap. coupling; bal. or unbal.
inputs; cdge-lit engraved lucite graph screen;
dimmer; filter; bezel fits std photo equipt. High
intensity trace CRT. 0.06 uscc risc time. Push-pull
hor, ampl,, flat to 400 k¢, sens. 0.6 rms mv/in.
Built-in volt. calib. Z-axis mod. Sawtooth & 60 cps
outputs. Astig. control. Retrace blanking. Phasing
control.

NEW! PEAK-to-PEAK
VIM #232 & UNI-
PROBE (pat. pend.)
KIT WIRED
52995 54995

Half-turn of probe tip selects
DC or AC.Ohms,

~ Uni-Probe — exclusive with

EICO — only 1 prabe performs

ail functions!
Latest circuitry, high sensitivity & precision, wide
ranges & versatility. Calibration without removing
from cabinet. New balanced bridge circuit. High
Z input for ncgligible loading. 414" meter, can’t
burn-out circuit. 7 mnom-skip ranges on cvery
function. 4 functions: 4-DC Volts, —DC Volts, AC
Volts, Ohms. Uniform 3 to 1 scale ratio for extreme
wide-range accuracy. Zero center. One zero-adj. for
all functions & ranges. 1% preeision ceramic multi-
plier resistors. Measure dircetly peak-to-pcak volt-
age of complex & sine waves: 0-4, 14, 42, 140, 420,
1400, 4200. DC/RMS sinc volts: 0-1.5, 5, 15, 50,
150, 500, 1500 (up to 30,000 v. with HVP probe &
250 mc with PRF probe). Ohms: 0.2 ohms to
1000 megs. 12AU7, 6ALS5, selenium rectifier; xfmr-
operated. Dcep-etched .satin aluminum panel,
rugged grey wrinkle stecl cabinet.

m
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Show me HOW TO SAVE -50% on Test Equip-
name of neighborhood distributor.

Name......
_Address...
City.

Sep. hi-gain RF
& lo-gain audio
inputs.
Special noise
locator. Calibra-
ted wattmeter.

KIT $24.95
Wired $39.95

—

20,000 Ohms/Volt
MULTIMETER 3565

KIT 24.95
Wired $29.95

" 1000 Dhms/Volt

MULTIMETER
536
KIT $12.90
Y Wired $14.90

Reads 0.5 ohms
e —500 megs, 10
mmfd—5000 mfd,
power factor.

—1: - f KIT
$19.95
2 @ % Wired
$29.85

R-C BRIDGE & R-C-L COMPARATOR
#9508

VIVM PROBES KIT
Peak-to-Peak $4.95 $6.95
RF .. X y
High

g a
High Voltage Probe-2
SCOPE PROBES

Demodulator ....$3.75 $5.75
Direct ...l $2.75 $3.95
Low Capacity ..........$3.75 $5.75

£EICO, Brookiyn 11, N.Y. R-7

ent and Hi-Fi. Send me FREE Cotalog and
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Over-all view of the IBM 704 Electronic Data Processing Machine which will

calculate and predict the course of the earth satellite at tremendous speeds.

This installation has been made at the

“Project Vanguard” Computing Center in

Washington, D. C. Radio signals emitted by the satellite will be relayed to this
Center, where machine will process the information and compute sphere’s orbit.

By MAX GUNTHER

A complex and elaborate "recording system” will be used to

keep track of the tiny sphere

Geophysical Year that begins July

1, 1957, there will culminate one of
the most ambitious experiments-—and
certainly the best-publicized—in all
scientific history. From the Patrick
Air Force Missile Test Center on Cape
- Canaveral, Florida, a tiny, man-made
moon will be launched. It will be car-
ried by rocket to a height of 200 to 300
miles, then pushed horizontally to a
speed of 17,000 to 18,000 miles an hour.
If all gocs well, it will then settle itself
in an elliptical orbit around the earth,
there to stay for several weeks, or
perhaps a year, or perhaps even long-
er. Science will have taken its first
major step into outer space.

Nobody has ever tried anything like
this before; hundreds of uncontrollable
variables make the outcome of the ex-
periment impossible to predict. One of
the largest imponderables is the path
that the satellite will take. At this
stage of the moon-making art, it is im-
possible to control or foretell the exact
speed of the satellite, its height above
the earth's surface, the inclination of
its orbit to the equator, or the orbit’s

SOME time during the International
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after it is launched in space.

shape. Thus, the tiny globe, measur-
ing less than two feet in diameter,
could easily become lost to view in the
sky like a toy boat misplaced in the
Atlantic Ocean.

To forestall any such comi-tragic
ending to the experiment, scientists
plan to make wide use of electronic
tracking and computing equipment. At
the heart of all satellite-watching op-
erations will be the fastest large-scale
digital computer manufactured by In-
ternationul Business Machines Cor-
porution—the ‘704" Electronic Data
Processing Machine.

The 704 computer installation will
be housed in Washington, D. C, in a
large building already beginning to fill
up with equipment. This equipment
will include not only a central data-
processing or calculation unit, but also
a platoon of subsidiary units to handle
such functions as printing, reading, re-
cording, and conversion from one form
of data-input (such as punch cards) to
another (for example, magnetic tape).
This high-powered installation will be
served by its own power supply. It
will also have its own air-conditioning
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Dr. John P. Hagen, director of “Project
Vanguard,” is shown here with a full-scale
cutaway model of the earth satellite de-
signed by scientists working under his di-
rection at the Naval Research Laboratory
in Washington, D. C. The instrumentation
shown inside includes telemetering equip-
ment which will transmit a radio signal 1o
earth after satellite has been sent into space.
Information is then relayed to computer.

system to carry off the heat it gen-
erates in operation.

Heading the staff of the computer
installation will be Dr. Paul Herget,
noted astronomer who is director of
the Cincinnati Observatory and a con-
sultant to the Naval Rescarch Lab-
oratory. Dr. Herget is familiar with
IBM equipment. having . used the 704
computer’s forerunner, the 70T, in a
widely arplauded planet-tracking op-
eration two years ago. By carefully
computing the orbit offa minor plaint
named “Athalia,” which had been dis-
covered by astronomers and subse-
quently lost again, Dr. Herget and the
701 pointed to the precise spot in the
sky where “Athalia” ought to be. It
was.

To understand how the Vanguard
Computing Center will operate, it is
useful to know exactly where it fits
into the satellite program as a whole.
Like numerous other International
Geophysical Year (IGY) programs, the
satellite experiment is designed for the
specific purpose ot expanding scientific
knowledge of the earth. Scholars and
scientists in many fields will observe
the satellite, gleaning information from
it on such subjects as solar radiation,
cosmic rays, meteors, the earth’s gravi-
tational field and atmosphere. The ac-
tual launching of the moon, a task
dubbed “Project Vanguard” because it
must precede all other parts of the
satellite program, will be carried out
by the U. S. Army, Navy, and Air
Force, under general Navy manage-
ment. The launching has been made a
military responsibility simply because
the military services have had more
practice than anyone else in building
and firing rockets.

Three rocket stages with a length of
72 feet and a maximum diameter of 45
inches are expected to put the man-
made moon in its orbit. The first stage,
a Viking-like rocket carrying several
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tons of liquid fuel, will push the satel-
lite up to a height of 35 to 40 miles.
The second stage, also a liquid-fueled
rocket and probably—like the first
stage—controlled from the ground, will
blast upward to 130 or 140 miles,
reaching a speed of more than 10,000
‘miles an hour. After the second-stage
fuecl burns out, the momentum of the
assembly is expected to carry it some-
where between 200 and 300 miles
above the earth. The second-stage
rocket hull will be jettisoned, and the
third stage will begin to fire.

Now an extremely critical set of
maneuvers will take place. They will
not be controllable from the ground,
but will depend entirely on pre-set
automatic devices. These devices are
counted on to direct the final rocket
on a course roughly parallel with the
earth’s surface, and to hold it on that
course until it reaches a speed as near
as possible to the desired 17,000-plus
miles per hour.

Finally, the satellite will be ejected
from the rocket to travel space on its
own. Like the natural moon, it will be
held in its orbit by a compromise of
centrifugal force and the earth’s grav-
ity. The shape of the orbit will be de-
termined by the direction and speed at
which it leaves the last rocket. Too
great a deviation from the desired
speed and direction will result in the
satellite’s (1) cutting down into the
top layers of atmosphere, where fric-
tion will cause it to disintegrate in
white heat like a meteor; or (2) es-
tablishing an orbit that carries it so
far away from the earth as to make
effective observation extremely diffi-
cult or virtually impossible.

If all goes as planned, the artificial
moon will settle into an orbit some-
where between these extremes. It will
travel in the same general direction as
the earth’s rotation, most probably at
an inclination of 30 to 45 degrees to
the equator. Thus, it will be seen to
rise in the west and set in the east.
It is expected to circle the earth
roughly once every one and one-half
hours. Scientists assume that, unlike
the natural moon, it will meet just,
enough resistance from air and other
particles to slow it down gradually,
until finally it drops into denser at-
mosphere and burns up.

Since the satellite’s orbit cannot be
predicted prior to the launching. there
is no way in which observers can be
iold now where to look for it in the
sky. The tiny moon may be visible for
brief periods under certain conditions
at dawn and dusk, when it reflects
the sun’s rays at just the right angle,
but this cannot be counted on as a
foolproof way to keep track of the
catellite. Some means must be pro-
vided to keep it under continuous ob-
servation. This is where the electronic
computer center comes in.

Inside the satellite will be, among
other instruments and devices, a min-
iature radio transmitter from which
will emanate a continuous signal. This
signaling system is named “Minitrack,”
in reference to the midget size of the
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Dr. Paul Herget at the console of the IBM 704 Electronic Data Processing Machine.

He heads the “Project Vanguard” Computing Center in Washingion where this sys-
tem is being used to predict and calculate the orbit of the man-made earth satellite.

equipment. Its signal will be picked
up by a series of ground Minitrack sta-
tions located roughly in a north-
south line extending from the mid-
latitude region of the U. S. to the
latitude of Chile in South America.
Each station will take several read-
ings as the satellite passes overhead;
the readings will each consist of a
precise placement of the satellite in
the sky as measured from the station,
together with an exact time of meas-
urement.

These readings will be relayed from
the Minitrack stations to a communi-
cations center in Washington, D. C.
From here, the readings will go by
direct teletype to the Vanguard Com-
puting Center.

Immediately upon receipt at the
Computing Center, the Minitrack meas-
urements will be translated into
punched-card form. The cards will
then, in most cases, be fed directly
into the 704 computer for a complex
series of calculations. Cards can he
used effectively when there is a rela-
tively small amount of input data, as
in the case of the satellite measure-
ments, to he subjected to a large
amount of manipulation in the com-
puter. If the input data were greater
—as in the case of business accounting
records, for example—the punched-
card data would be transferred to
magnetic tape, which can be “read”
electronically at vastly higher speeds
than can cards.

Taking the Minitrack sightings as
points along the satellite’s orbit, the
computer will, in effect, connect the
points with a line and thus calculate
the full orbit. It will continually re-
calculate the orbit throughout the life
of the satellite. As the midget moon
completes more and more revolutions,
and as ever more measurements are
made, the computer’s accuracy will
steadily increase. Before long, the cal-
culated orbit will even include per-
turbations, or “wiggles,” caused by
variations in the earth’s gravitational
field, attraction of the natural moon
and other heavenly bodies, and other
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factors—perhaps including some not
now foreseen.

The computer will have other jobs
to do besides marking out the satel-
lite’s true orbit. One of the most com-
plex tasks will be that of calculating
the man-made moon’s shadow path on
the earth’s surface, or, to put it more
accurately, the path traced on the sur-
face by an imaginary vertical line
drawn from ground to satellite. The
computer will be able to predict this
shadow path in advance. Then, by car-
rying its calculations still further, it
will be able to work out a useful—in
fact, indispensable—timetable for the
benefit of official visual tracking sta-
tions and individual scientific observ-
ers participating in IGY. The computer
will tell each of these observation posts
exactly where and when to aim its
telescope so that the satellite passes
through the field of vision. Without
this precise timetable, telescopic ob-
servers would have small hope of
catching the tiny moon. It will trav-
erse the sky at a rate of one degree,
or roughly two diameters of the nat-
ural moon, per second. )

These calculations are not easy.
While the satellite is in its orbit, it
will he independent of the earth’s ro-
tation beneath it. Each time the little
moon completes a circle, the earth will
have rotated 1400 to 1600 equatorial
miles to the east. Thus, if the satellite
is launched at an angle of 40 degrees
to the equator, its shadow path after
twenty or thirty revolutions will be a
curved line that weaves back and
forth between 40 degrees north lati-
tude and 40 degrees south, crisscross-
ing itself many times.

If a precise telescope-aiming time-
table were worked out by human com-
puters with paper and pencil, they
could never keep pace with the fast-
moving satellite—much less get ahead
of it and predict its course. It will
take an electronic computer, capable
of such feats as multiplying or divid-
ing approximately 4700 ten-digit num-
bers per second, to keep up with the
required race.
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The magnetic core storage unit of the

IBM 700 series computer. This is the
“memory’’ of the machine. Many
frames of magnetic core arrays. con-
sisting of tiny cores strung on copper
wires, provide high-speed storage unit.

In making its calculations, the com-
puter will rely principally on a high-
speed magnetic core storage, or “mem-
ory.” This storage will contain the
computer’s instructions, now being
worked out and programmed in the
computer by Vanguard and /BM ex-
perts. When the various tracking-sta-
tion data are submitted to the com-

puter, it will act on the data in
accordance with its memorized in-
structions.

Essentially, the computer’s storage
function works by means of doughnut-
shaped cores, about the size of pin-
heads, which are strung on a complex
of wires in such a way that several
wires pass through each core. Com-
binations of electrical impulses on
these wires alter the magnetic states
of the cores. A line of cores, some
magnetized and some neutral, repre-
sents a number or other collection of
symbols in much the same way as a
combination of dots and dashes stands
for a word in Morse code.

Up to 32,768 of these “words” can
be stored in the 704’s high-speed mag-
netic core memory. Additional “words”
can be held in auxiliary storage by
attaching magnetic drum units. The
704 can also control ten magnetic tape
units with a capacity of 900,000
“words” each.

The results of the Vanguard 704’s
computations will flow from the ma-
chine in three principal forms. Some
of the information will come out in
printed form, by means of a direct
printer attached to the 704. Some will
be on magnetic tape, for printing later
on a tape-to-print device. Still other
information will be presented in visual
form on an ingenious device known as
the Cathode-Ray Tube Output Re-
corder. This device will picture the
computer’s calculations graphically. It
will show, for example, the actual
shape of the satellite’s orbit as plotted
by the 704. It will also show the shape
of the shadow path, or any other as-
pect of the satellite’s travels that can
usefully be displayed in visual form.

This recorder actually incorporates
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The IBM 740 cathode-ray tube output recorder (CRT). a visual display unit which

pictures the output of the 704 Electronic Data Processing machine in the form of
engineering symbols, words, numbers, or geometrical figures. The orbit of the earth
satellite can be plotted on the screen of the tube as the information is being com-
puted by the machine. With this unit, “Project Vanguard” scientists will trace the
course of the satellite over the face of the earth below the orbit of the device.

two cathode-ray tubes. One, a 21-inch
tube, is used for immediate display of
information worked out in the com-
puter. The other, a seven-inch tube, is
designed to work with a 35-mm. cam-
era for recording purposes. This re-
cording device will be used to advan-
tage in the satellite program. Photo-
graphs of the midget moon’s shadow
path, together with marked-off arrival
times, will be superimposed on maps
of regions having favorable observing
conditions.

In the U. S., people living in the
southern half of the country will have
the best chance of seeing the satellite.
The angle of inclination at which it
will be launched has not yet been an-
nounced, but a general assumption is
that the angle will neighbor 40 de-
grees. The 40th parallel runs through
Philadclphia in the east and about 150
miles north of San Francisco in the
west; thus, moon-watching conditions
will be most probably favorable east,
west, or south of these cities.

Visual observation of the satellite
will become increasingly important as
time goecs on. Some weeks after the
artificial moon is launched, if it stays
in orbit that long, the batteries power-
ing its Minitrack transmitter will die.
From then on, all measurements will
have to be made optically, or by other
means that require no help from the
satellite itself. Long before this time,
however, the computer will have
reached a fine enough degree of ac-
curacy in its orbit calculations so that
the tiny sphere, though no longer call-
ing out its own position, will never be
lost in the sky as long as it continues
to revolve.

Where will be the profit in this pro-
gram, aside from the sheer excitement
of it? The profit, scientists hope, will
lie in a flood of new and useful knowl-
edge that can be had from this and
other satellites almost certain to be
launched in years to come. Many ob-
servation posts, not directly connected
with Project Vanguard, will be watch-
ing the satellite as it speeds around
the planet. The Smithsonian Institu-
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tion, for example, plans a large-scale
moon-watching operation, as do nu-
merous universities and other scholar-
ly and scientific bodies throughout the
world. Most of them will be aided by
the Vanguard Computing Center.

The satellite’s orbit itself will offer
much information to observers. The
earth is not a perfect sphere; nor is its
mass uniform throughout. The per-
turbations of the satellite’s orbit, sub-
jected to various calculations. will add
to present knowledge of these irregu-
larities. Another area of inquiry is the
nature of space at the 200-mile-and-up
level. It is supposed to contain tiny
meteoric particles that fall in a con-
tinual rain toward the earth, as well
as highly rarified air. The drag effects
of these substances will be measurable
in the satellite’s orbit, thus offering a
clue to their density.

Inside the satellite will be about ten
pounds of instruments (total weight
of the sphere: a little over 20 pounds).
These instruments will gather data
about the sun’s radiation, cosmic rays,
and other phenomena that scientists
have not been able to assess accurately
because the earth’s atmosphere inter-
feres. Sensitive receiving equipment on
the ground will pick up the data re-
corded by the space-travelling instru-
ments. :

Though the first man-made satellite
has not yet left the ground, scholars
and ‘scientists are already speculating
delightedly about future moons. As the
science of rocketry progresses, it is
altogether likely that fuels will be de-
veloped to provide more thrust per
pound. At present, it takes a colossal
tonnage of propellant to hoist a 20-
pound sphere into an orbit; the satel-
lite itself is only a minute fraction of
the vehicle’s total weight. As new fuels
are developed, it may be possible to
launch larger satellites, capable of car-
rying more instruments and gathering
more data for science. Whatever is
done in the field in years ahead, how-
ever, there is almost certain to be an
electronic computer handling a key
phase of the program.
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Audio and Hi-Fi

Part 3. Observations on reducing room resonances

and providing 2-channel sound with multiple speakers.

results obtained from two-channel

operation are, to some extent, due
to the use of two loudspeakers which
break up room resonance; therefore,
similar room control can be achieved
with single-channel output. I would
not say that this is half way to stereo,
but I think we could label it “demi-
semi stereo.”

The main difficulty (at least to my
ear) is with solo items, as it is rather
disconcerting to hear two Victoria de
Los Angeles’s instead of one; but judi-
cious orientation of the extra speaker,
e.g., towards a corner, overcomes ob-
jectionable directional effects. A back-
to-back set-up also gives excellent re-
sults with simple radiators. A few
weeks ago I heard a demonstration of
the Philips “Novosonic” system at Cen-
tury House, London, and I was greatly
impressed by the way in which room
resonance was overcome by the judi-
cious placing and spacing of one bass
enclosure and two treble speakers
working with a crossover at 300 cycles.

Added to this, our technical director,
Mr. R. E. Cooke, recently returned
from Denmark with his head all
full of new and interesting ideas and
developments. Now the main purpose
of Mr. Cooke’s visit was to spend some
time with my friend David Hall, for-
merly Music Director, Classics Divi-
sion, Mercury Record Corporation,
U. S. A,, and now lecturing at the Uni-
versity of Copenhagen.

I was most interested to learn that
David Hall listens, at home, to several
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IT SEEMS to me that the excellent

speakers at a time in order to over-
come room resonance, two of them
being reflex cabinets with an acoustic
filter similar to the units shown in
Figs. 8 and 10. One is placed under the
grand piano and the other under a
desk. I quote Mr. Hall as follows:

“The reflex cabinet in the desk knee-
hole is the thing for good bass, espe-
cially since the desk is very heavy and
does not resonate.”

I attach great importance to what
he does, for the following reason. Prior
to our first Carnegie Hall demonstra-
tion in 1955, I was anxious to have
some guidance as to which American
records would suit the hall (Carnegie,
not David!). Mr. Hall gave us a list
of some 30 records of various makes,
and when I later compared the pro-
gram with this list I was amazed to
find that every commercial record used
had been recommended thereon. This
shows almost uncanny knowledge of
acoustics and the effects of recording
and reproducing characteristics.

As a result of these and similar ex-
periences, I have carried out a number
of listening tests at home, which I will
now proceed to describe. My yardstick
for judging reproduction is a very sim-
ple one: the arrangement which sounds
least like listening to loudspeakers is
the best.

It is necessary to include another
plan of my own listening room to show
the disposition of the half dozen speak-
ers used in the tests. (See Fig. 9.) The
corner speaker referred to as 4 in Fig.
T of Part 2 now becomes C.
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Managing Director
Wharfedale Wireless Works Ltd.
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Fig. 8. Photograph of speakers outlined
in Fig. 9 (A) Three-speaker system used
in tests described in Part 2. (B) “Super
12" in Electro-Voice “Aristocrat” cabinet.
(C} Three-way corner system. (D) Ten-inch
speaker on sanddilled 28" x 24” batffle.
(E). (F) Ten.dinch speaker in 2 cu. ft.
bass-reflex enclosure with acoustic filter,

A photograph showing all the speak-
ers assembled in a corner of the room
is reproduced in Fig. 8. I have already
explained that Mrs. Briggs is case-
hardened, but before readers start
sending her letters of sympathy I must
add that the present conglomeration of
speakers is unusual, even for me.

The speakers used in the test were
Wharfedales, but the findings would
hold true with any reasonably good
specimens of any make. In fact, a po-
tent argument in favor of the use of
two speakers of different size and
shape is that inequalities tend to be
smoothed out. It is obvious that if
you have a cabinet speaker which
honks a bit in the bass, and you add
an open baffie speaker in parallel, you
reduce the honking by about half. As
we have already agreed that room
honking is reduced, we seem to be ap-
proaching the millenium of double
loudspeaker demand. Even the rather
boxy tone of the average radio set can
be improved by simply adding an ex-
ternal speaker with no cabinet or baf-
fle, thus removing half the sound from
the box or resonator. The speaker
units are shown externally in the dia-
gram to indicate the direction in which
they were facing. Any speaker could
be switched on or off at will. My gen-
eral opinions are as follows, but other
rooms would produce different results.

1. Two speakers are much better
than one, but three are only slightly
better than two on large works. More
than three not worth the space used.

2. Speakers 4 and C gave best re-
sults on chorus, orchestra, and organ.
Then 4 and B, then B and C, then C
and D.

3. Speakers C and D were best on
solo items, and very satisfactory on
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everything. Probably the best all-
round acoustic set-up.

4. Speakers B, D, and F facing to-
wards the left could be added to 4, C,
or E without producing disembodied
effects on solos, and yet with beneficial
results on all types of music.

5. Speaker B being very sensitive
and directional was always preferred
not facing straight into the room. Im-
proved transient response from the
high-flux magnet system could be
heard when this “Super 12” came on.

6. The piano always sounded best
with open mounting associated with A4,
C, or D. Cabinets like B, E, and F give
a slightly “boxed-in” effect on this in-
strument. Speaker A alone was better
than B and E or E and F together,
but a cabinet/baffle combination was
very good.

7. Baffle D with reflex cabinet E
was better than the two cabinets E
and F on practically all types of music.

8. Cabinets E and F were preferred
standing back-to-back.

9. Most cabinet speakers used singly,
other than corner models, give best
results when pointing towards a corner
or at an angle of 45 degrees to a hard
wall, so that the sound is splashed into
the room.

10. With two speakers, phasing often
makes a big difference in the results.
Always try reversing the leads to one
speaker. In some positions, out-of-
phase connection will be best.

11. For optimum bass, side-by-side
(in-phase) placing is obviously best,
but this arrangement is the least ef-
fective in Killing room resonance.

No doubt many readers already pos-
sess a spare loudspeaker which could
be mounted on a baffle and pressed into
service for experiments on the lines in-
dicated. Unlike stereo, equal sensitiv-
ity is not necessary, but the extra unit
must at least be loud enough to make
its presence felt to some extent.

Baffle D used in these tests was
made from two sheets of %4 inch ply-
wood 28 x24 inches with a % inch
layer of sand between them. Two side
pieces in % inch plywood 9 inches wide
at the base and narrowing to 4 inches
at the top support the baffle and pro-
vide a reasonable backward slope. The
associated speaker unit should have a
cone resonance below 40 cps for satis-~
factory performance.

Although a simple baffle is recom-
mended for the second speaker in these
tests, and the size described gives very
good results with a suitable 10”7 unit,
of the two I still prefer the reflex cab-
inet with acoustic filter for single
speaker use on most types of program
material. For one thing, there is more
“beef” in the bass.

Stereo

As the domestic use of two-channel
recording and reproduction appears to
have made more progress in America
than in Great Britain, I will confine my
remarks to the expression of a few
opinions which I have formed on the
experience I havehad so far.
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Plan of listening room showing
location of six speakers employed in test.
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I am firmly of the opinion that the
undoubted step forward in natural re-
production, which is possible with two
channels, is due to sweeter top and
fuller and rounder bass rather than to
true stereophonic effects. When I hear
the woodwind in an orchestra I am
concerned (a) with what they play;
(b) with how they play it; and, (c)
with how it sounds. I am not the least
bit interested in where they sit.

I agree that some stereo recordings
used with directional loudspeakers,
correctly placed, give very lifelike re-
sults to listeners also correctly placed.
We played a couple of HMV “Stereo-
sonic” tapes (7% ips) in the Royal
Festival Hall, London, in May, 1956,
and my estimate is that about 1000
people out of 2500 heard something far
superior to the best we did with single
channel tape at 30 ips, but the remain-
ing 1500 heard something unbalanced
and unsatisfactory. Admittedly, the
difficulties are far easier to overcome
in small rooms (three channels are
really necessary for large halls), but
placing two loudspeakers and, say, half
a dozen listeners ideally in a fully fur-
nished room is not easy.

But if we forget stereo and use
omni-directional loudspeakers we can
have some glorious sound and sit where
we like! Mr. A. R. Sugden of Brig-

house, Yorkshire, has given convincing
demonstrations on these lines, and we
demonstrated “Stereosonic” tapes at
the 1956 Audio Fair in London using
the speaker systems shown in Fig. 10.
(The tweeters face upward.)

These views received strong con-
firmation recently when Allen E.
Stagg, manager of International Broad-
casting Company, London, played for
me some two-channel orchestral re-
cordings just made with a newly ac-
quired Ampex 300 machine (speed 15
ips}). No special attempts at stereo-
phonic depth had been made—in fact,
the microphones were placed above the
orchestra—with the result that excel-
lent sound could be heard irrespective
of the location of the listener.

One of the main virtues of two-chan-
nel operation is that studio and listen-
ing room coloration is reduced to a
minimum. Also, in view of the ever
prevailing difficulty of achieving per-
fection, “two channel” is a safer and
sounder cognomen for the whole sys-
tem than “stereo.” Even movie houses,
which went over to three-channel ste-
reo with such a bang a few years ago,
seem to be slipping and merely piping
doctored sound levels into the various
channels. I suppose they have decided
that good stereo will not replace a good
story. (To be continued)

Fig. 10. Photograph of two speaker systems used to demonstrate two-channel sound.
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whose favorite TV programs are

being obliterated by interference
goes to the FCC with a demand that
the culprit be found. FCC sleuthing
turns up the fact that the equipment
causing the interference is an electri-
fied fence put up to contain a flock of
chickens—on the complainant’s prop-
erty. A woman elsewhere in the coun-
try lodges a similar complaint. Her
own electric blanket is found to be the
cause. Once more the local radio am-
ateur and the doctor who owns dia-
thermy equipment are exonerated.

In a report entitled ‘“Pertinent In-
formation on Interference,” Ray E.
Meyers, chairman of the Cooperative
Interference Committee of Los An-
geles, sheds interesting light on the
sources of interference. The report
also indicates that, armed with the
proper information, the service tech-
nician who considers himself harassed
with woes about -which he

AN IRATE farmer in the midwest

Heating pads.
TV receivers .

Radio receiver
Door-bell trans

TV receiver in
TV receiver ra

Neon signs ..
Refrigerators .
Radio stations
Voltage irreqgu
Electric flasher

House wiring

Universal motors

Amateur radic

<= Sine-wave signals

cscillatory rather than randem-ncise equipment as source.

INTERFERENCE SOURCE

Wiring, electric
Fluorescent lights

Butter conditioners

A.C.modulation............. ..o,

NUMBER OF CASES

£ J O
formers

stallations. . ................
diation. .. ........... .. ...
larity
-

stations....... ... ool

produce herringbone patterns. Look for

T
{

et

ol m)?

Against %

-

TVI sleuths turn up data on likely sources that

upsets popular notions.

preclude an official citation by the
¥CC.”

The committee, which includes
among its members persons with re-
sponsible positions in the aircraft, elec-
tronics, communications, and power
industries, as well as radio amateurs,
has done a good job in amicably ad-
justing complaints against reputed of-
fenders. In a survey of some 2600 or
morc cases made by the Interference
Bureau of Los Angeles, results were

Cures can be profitable.

equipment, thermostats, electric saws,
electric fences, shaver rectifiers, aquar-
ium heaters, and miscellaneous de-
vices.

Although not indicated in the table,
one additional fact is certainly worth
special note. In 483 cases—very nearly
one out of five—the device generating
the interference was one operated by
the complainant! Also worth comment
is the fact that fewer than 1 per-cent
of the trouble makers were radio am-

ateur operators.

can do little, can actually
turn successful remedial
techniques into income.
“Interference is caused
by many devices, condi-
tions, and circumstances
difficult for the layman to
understand,” says the re-
port. “In many casas the
cause may be Sso simple
that even the well-qualified
engineer may overlook a

LDITOR'S NOTE : Formed in 1934, the Cooperative Interference
Commiittee of Los Angeles, a voluntary organization operat-
ing in southern California, has received commendation from
the Federal Communications Commission for its significant
contribution to the cause of locating and Suppressing or re-
ducing radio and TV nterference.
some surprisiing injormation on the causes of interference
exonerating many scupegoats of the past. Following its suc-
cessful efforts, some 13 sinvilar committecs have been formed
thvoughout the nation.

For this article, we are indebted to Myr. Ray E. lMeyers,
chairman of the committee, from whose report the story has
been udapted. His report.in turn, was based on data supplied
by the Interference Burewn of Los Angeles.

Its work has. twrned up

C.I.C. members are asked
to keep themselves abreast
of the problem by familiar-
izing themselves with a list
of recommended publica-
tions on the problem and
also, especially if they are
amateurs, by assuring
themselves that their own
equipment is TVI-proof.
The committee makes other
more specific recommenda-
tions. The remainder of

rather obvious solution.
“Seldom 1is interference
caused by a deliberate act. This type
of interference is illegal and in viola-
tion of Federal laws. Unfortunately,
the majority of cases are due to poorly
engineered equipment, or erratic con-
ditions which may develop in the op-
eration of the bsst equipment avail-
able. Owners of such equipment
appreciate being notified of this type
of operation. In most cases, this would
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tabulated to determine the most fre-
quent sources of trouble. In the ac-
companying table, the eighteen inter-
ference-generating sources that were
responsible for nearly 95 per-cent of
the complaints are given in the order
of frequency. Little more than 5 per-
cent of complaints, not listed, were
traced to street lights, electric blan-
kets, sign flashers, electric welding

www.americanradiohistorv.com

this article consists of some
of these, excerpted from the Meyers
report.

A simple absorption filter (band
elimination filter) is useful in the case
of adjacent-channel interference where
the interfering signal is narrow-band,
such as c.w. modulated or unmodu-
lated, and where the affected receiver
is too broad or is poorly aligned.

(Continued on page 110)
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Super-Radars
For Missile Ship

Long-secret radar now in active service with the
fleet for guidance of its deadly Terrier missiles.

radars, now in service with the

fleet for guidance of its Terrier
missiles, was revealed recently by the
Navy.

Subject of speculation since first dis-
played aboard the guided missile cruis-
er “USS Canberra,” massive, turret-
like antennas for the new radars have
radically changed the contours of the
nation's fighting ships. Although the
radar antennas, which resemble gigan-
tic searchlights, attracted considerable
attention during President Eisenhow-
er’s recent trip on the Terrier-equipped
“Canberra,” the structures were iden-
tified only recently. Only limited, gen-
eral information regarding the new
AN/SPQ-5 radars has been rcleased.

Developed for the Navy by Sperry
Gyroscope Company, of Great Neck,
N. Y., the long-range, high-altitude
missile guidance radar systems came
into fleet use only after years of suc-
cessful tests.

Rear Admiral F. S. Withington, chief
of Navy's Bureau of Ordnance, said
that the new super-radars were a part
of the Navy's program directed toward
providing the fleet with highly reliable
missiles to combat supersonic jet air-
craft. “Our new radar systems,” he
said, "are giving exceptionally high
performance for tenacious, stable guid-
ance of supersonic missiles, whether
fired singly or in salvoes at individual

ALONG-SECRET class of super-
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or multiple enemy attackers.” He con-
firmed that the two SPQ-5 systems
aboard the “Canberra’” combine many
automatic radar functions in each unit.
Either system can control the missiles
from a single launcher or battery,
which fires the Terrier missile, or both
radars can track different target groups

simultaneously.
The SPQ-5 radar systems include
flexible modes of scanning the air

space many miles bheyond the horizon,
providing the advantage of early warn-
ing. Individual targets can be selected
from close-llying groups and tracked
at great distances while the missiles
are launched and guided with “extreme
accuracy.”

Concurrently, Sperry announced that
a new manufacturing facility at Char-
lottesville, Virginia, The Sperry Pied-
mont Company, is producing the super-
radars for the Navy. Completed in
October, 1956, the new $2 million plant
includes special facilities to accom-
modate the massive radar antenna
“barbettes” used aboard ship.

Two cruisers, the “USS Boston” and
the “USS Canberra,” have been con-
verted to Terrier-equipped missile
shins and have joined the fleet. The
“USS Topeka,” the “Providence,” and
the *“Springfield” now are being con-
verted to carry the missile. The photo
at top right is a blown-up view of one
of the radar turrets.
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/By LAWRENCE J. EPSTEIN

3 University Loudspeakers, Inc.

finformation, industry-wide standards,
sifig terminology makes the choice of p.a. driver

units difficilt for the uninitiated. Here are some of the facts.

the automotive field; the boys in

Detroit seem to have just about
reached practical limits, so now all
eyes on the makers of public address
drivers!

There was a time when we had to
pour audio power into a p.a. speaker
because the relatively low efficiency of
cone speakers in parabolic horns sim-
ply wouldn’t turn out enough sound
level to handle expanding require-
ments. Then came the highly efficient,
exponential reflex trumpets, powered
by “driver units” capable of several
hundred per-cent more sound output
with far less input power. Amplifier
requirements took a nose dive. But,
alas, man and progress are not to be
restrained, and now the industry is of
late being introduced to 50-, 85-, and
even 100-watt driver units!

To the experienced and enlightened
sound technician who knows how much
just a few clean watts of audio into a
truly efficient driver can accomplish,
the thought of 100-watt driver units
conjures up questions deserving of a
few candid answers.

Absence of industry-wide standards
for evaluating the performances of
loudspeakers makes the comparison of
driver unit specifications difficult for
the uninitiated. Power handling ca-
pacity is an indication of the ability of
a driver to withstand an amount of
electrical input power, of a certain na-
ture, for some length of time, without
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TALK about the horsepower race in

danger of driver breakdown. The pow-
er handling capacity is not necessarily
an indication of sound output. It is
possible, for example, to design a
driver rated at 40- or 50-watts input
which would produce no more sound
output than a more efficient driver
rated at 25 or 30 watts.

“Gauss,” a measure of flux density
existing in the voice coil gap, is some-
times used by inference to indicate the
efficiency of the driver unit. This, too,
is misleading since the magnet itself is
only a part of the motor mechanism,
while the conversion efficiency is de-
pendent upon the manner in which the
magnet energy is employed; the
weight, shape, size, and mounting of
the diaphragm, as well as voice coil
and suspension design, heat dissipation,
are other more obscure factors. Sound
pressure measurements presumably
would be the answer, providing there
were a common basis of measurement.
Even forgetting for the moment dif-
ferences in laboratory constants, a dif-
ference in the horn size used for the
measurement, distance from the sound
pickup device, frequency at which the
measurement is taken, are just some
of the factors which would affect the
sound pressure measurements.

For music reproduction, good low-
frequency response (barring reverbera-
tion problems) is usually desirable
along with the highs. Of particular
importance is the ability of the driver
to withstand extreme excursions of the

www americanradiohistorv com

4w B montage of driver units. The large
trumpet is University’s “Cobreflex” with a
SA.HF driver. It is @ 16-chm unit with a horn
cut-off frequency of 200 cycles-per-second. The
combination has a 30-watt “full range” power
capacity; but with a 50 microfarad capacitor
wired in series with the driver, the “adjusted
range’”’ power capacity would be 60 watts.

diaphragm when reproducing high-
level, low-frequency passages. In such
cases, protection of the driver unit by
adequate horn loading is important.
Fractured diaphragms, broken voice
coil leads, and excessive distortion can
result from improper selection of horn
and driver units, especially when work-
ing with church chimes, carillons, and
organ music. For these and other rea-
sons it is extremely important, when
judging specifications of competitive
driver wunits, to take note of how the
manufacturer qualifies the power ca-
pacity rating.

Even the experienced sound man
may be misled by advertising claims
and specifications not so much by what
is said as by what is not. As a prac-
tical guide to better understanding of
“power capacity” ratings, as well as to
provide an informed approach to the
use of drivers in accomplishing field re-
quirements, the writer now endeavors
to establish, through use, a standard
of power capacity reference:

"Full Range" Power Capacity

This is by far the most common
method of operation in the field. Al-
though a driver may itself be capable
of full rated freguency response, the
actual acoustical output of driver and
trumpet combination will be consider-
ably influenced by the low-frequency
limit of the horn used, below which
the output drops drastically. With an
amplifier bperating for wide-range re-
sponse, substantial low-frequency elec-
trical energy enters the driver unit,
but very little of it may end up as
sound energy, due to the horn’s limit-
ing or “cut-off” characteristic as it is
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commonly referred to in manufactur-
ers’ specs. The cut-off of a horn is de-
termined by the flare design and air
column length. Thus the larger, longer
trumpets will baffle a driver to lower
frequencies more efficiently than small-
er models. At best, the biggest horns
for use in p.a. have an air column
length of 6% feet and are capable of
response down to 85-100 cps. With a
driver mounted to a more typical horn
with, say, a 150 or 200 cycle cut-off
and thus operating without much load-
ing at the lower frequencies, the driver
mechanism endures relatively severe
electrical and mechanical punishment
which can lead to eventual breakdown
.. unless the driver is rated to take a
given amount of input power under
such conditions. The writer therefore
proposes that an expression such as
“full range” continuous duty power
capacity be used to denote application
of a given driver to horns without re-
gard to cut-off. One manufacturer ac-
tually life tests drivers on raw 60-cycle
a.c. without any horn load, and, ac-
cordingly, rates his drivers on a con-
tinuous duty basis.

"Adjusted Range” Power Capacity

Obviously then, if the low-frequency
energy below the cut-off of the horn
used could be eliminated from the pro-
gram signal source or from the driver
input, the low-frequency overloading
condition is eliminated too, and the
driver may be rated for substantially
greater input. In such case, the power
rating could be doubled. If wide-range
frequency response is not required
elsewhere in the speaker distribution
lines, the amplifier bass tone control
(or low-frequency filter, if any) can
be adjusted to eliminate some desired
amount of lows. It is a good idea to
make certain of the actual attenuation
by testing amplifier output with an
audio signal generator and output me-
ter. If the amplifier cannot be adjust-
ed or altered, or if wide-range pro-
gram is also required elsewhere in the
distributing system where “high fidel-
ity” speakers are in use rather than
“p.a.” types, a non-polarized capacitor
of proper value can be inserted in se-
ries with the driver of the p.a. speaker
not requiring hi-fi performance, to at-
tenuate input low-frequency energy
and thereby achieve higher power ca-
pacity.

The graph of Fig. 2 shows what, in
general, takes place. Note that while
the series capacitor produces a steady
roll-off below the established cut-off
frequency, the roll-off actually begins
to occur about one octave above the
cut-off point, resulting in a loss of 3
db at the “cut-off” fixed by the value
of capacitor.

The scale at the bottom of the graph
represents: attenuation at any fre-
quency -+ frequency of cut-off. For ex-
ample, assuming that we have already
calculated a value of capacitor to pro-
vide cut-off at 200 cycles, and we want
to know, from the graph, what the
attenuation looks like at 600 cycles, we
divide 200 into 600 and get the answer
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of 3, which the graph shows will not
be affected at all. If we wanted to know
what happens at 40 cycles, we divide
200 into 40 and get .2 for an answer.
The graph shows that at .2 there will
be an attenuation of about 14 db below
the cut-off frequency attenuation.
While limiting amplifier response or
applying a series capacitor will in-
crease the power handling capacity of
a driver, it should be borne in mind
that there will often be discernible
aural differences as compared to oper-
ating without the limiters, due to the
roll-off rather than sharp cut-off char-
acteristics. Therefore, it is preferable
to restrict these methods to voice re-
production. If the stated power rating
or warranty of a driver unit is given in
specifications with some qualification
with respect to horn size or input re-
sponse restricted to horn cut-off, you
may be certain that such rating is ac-

tually the “adjusted range” capacity.

To find the “full range” power rating
it would be safest to divide the given
rating by two.

The chart of Fig. 1 provides the
proper size of capacitor for series con-
nection to a driver to double its power
capacity rating. Capacitors for opera-
tion up to 25-watts input should have
a “working voltage” rating of no less
than 50; up to 50 watts input, 75 to
100; and up to 100 watts input or bet-
ter, 150 or 175 volts.

Using the Chart

1. To determine the capacitor for a
70-volt (or 25-volt) “constant voltage”
system, first determine the value of
impedance which corresponds to the
power tap being used :

T0° (625 for 25 v. system)
Wattage tap being used

2. If the impedance is known {(or
calculated according to the formula),
find the correct level line on the chart
by referring to the table which identi-
fies the impedance being used.

3. Find the horn cut-off on the hori-
zontal scale of the chart, and intersect
the selected level line at that point.

4. Follow that point horizontally to
the vertical scale and note the number
thus indicated.

5. Finally, multiply that number by
the factor alongside the impedance

I'mpedance =

p 4
4
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Fig. 1. Values of series capacitor re-

quired for various cut-off frequencies.

level line in the table. The resulting
answer is the value of capacitor in mi-
crofarads. Because of commercial
availability, values within 5% will suf-
fice.

Note: Odd capacitor values can be
achieved by paralleling capacitors to
add value; or placing capacitors in
series to reduce values. When they
are in series, the resulting value equals
1/(1/Ce + 1/Ch).

Sound Pressure Level

One of the most revealing measure-
ments of a speaker is its output on
some specific basis. A driver that with-
stands greater input power is of no
general value if it does not produce
more sound for a given input. It takes
a change of 3 db in sound to detect
the difference. Power to a given speak-
er must be doubled to get 3 db more
output. Obviously, then, higher power

(Continued on page 130)

Fig. 2. Response with and without a series capacitor in lead to driver unit.
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Fig. 1. Ford speakers ie~-
ture a dust shield with
holes.

four self-cleaning

A systematic check can pinpoint many faults without

chassis removal. Dismantling itself is no problem.

tions on this year’s car receivers

have retained any doubts as to the
established position of transistors, low-
voltage miniature tubes, and printed
circuits in this field, the three basic ra-
dios used in the 1957 Fords do nothing
to encourage such hesitation. All three
models follow the noted trends.

Some innovation also appears in the
speakers used. Continued reliable per-
formance from these components is as-
sured by the use of a sealed magnetic
structure and incorporation of dirt-
release holes. The four release holes
can be seen near the apex of the cone
in Fig. 1. Vibration of the speaker in
ordinary use propels foreign particles
out of these openings, but the valve-
like action provided by the small size
of the openings impedes the return of
dirt and dust.

One of the receivers available for all
Ford cars except the “Thunderbird” is
the 75MF. This push-button hybrid in-
cludes among its five tubes a 12BL6
r.f. amplifier, a 12AD6 converter, a
12AF6 i.f. amplifier, a 12AJ6 detector
—1st audio stage, and a 12K5 audio
driver. A 2N176 audio output transis-
tor is mounted on a heat sink at one
side of the chassis.

Another five-tube unit also using
low-voltage tubes in a hybrid design is
the 75BF. It uses a 12AF6 as the r.f.
amplifier, but otherwise follows tube
line-up of the 75MF up to the 1st if.
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IF READERS of our other presenta-

“pair of 12AF6’s;

stage. This is followed by a 2nd if.
amplifier (12CN5), which feeds a 12J8
detector—1st audio tube. The usual
audio driver for the transistor is here
omitted, with the 12J8 directly feeding
the 2N176.

For those who like their auto radios
with plus features, Model 7T8MF pro-
vides search tuning and push-pull tran-
sistor output, supported with eight
low-voltage tubes. Two 12AD6’s are
used as the r.f. amplifier and convert-
er. The two-stage if. strip employs a
and the detector-
1st audio portion is handled by a 12AJ6.
The conventional 12K5 audio driver
feeds the push-pull 2N176 pair of tran-
sistors. The trigger amplifier for the
search tuner, a 12AE6, feeds the 12K5
control tube, which operates the relay.

As with most auto radios, a defective
receiver, once it has been determinzad
that the fault is in the circuit itself,
can be handled on the service bhench
with no more difficulty than is expe-
rienced with any other radio. Two
problems must be faced first, however.
The first of these involves prior deter-
mination of whether the symptom un-
der examination is actually traceable
to the receiver. Then, if it is indeed
found to be in the circuit, the business
of getting the chassis out of its secure
position behind the dash panel (and
subsequently that of returning it in
satisfactory fashion) must be faced.

To attack the problem systematical-
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ly, a kit of parts for troubleshooting is
reccmmended. These include spare
5- and 7.5-ampere fuses, one each of
every tube type used in the recewvers,
a spare speaker, a spare antenna with
lead, and a set of suppression equip-
ment. All parts except fuses should be
pre-tested and marked so that they will
not be left in the radio inadvertently
during substitution tests. Thus armed,
the technician is ready to localize
symptoms with the receiver still
mounted.

No reception: The fuse is checiked
first. If it is blown, a new one is tried.
If this also blows, the next step is re-
moval to the bench. If it does not
blow, check to see whether the tubes
are lit. If they are not, the availability
of voltage at the 4 lead (see Fig. 3)
should be checked with a meter. If
tubes are lif, the substitute antenna
should be tried to see whether the
trouble can be isolated to this section.
Similarly, the substitute speaker can
be tried. To avoid damage to the tran-
sistor, never operate the radio without
a speaker.

If none of the measures noted local-
izes the trouble, step-by-step substitu-
tion for each tube is the final test be-
fore removal to the bench becomes
mandatory. Check of the output tran-
sistor(s) should not be attempted with
the radio in the vehicle. This compo-
nent is not considered a likely source
of trouble in any case.

Noisy or erratic reception.: To iso-
late, it is important to know when the
noise occurs. If it is present when the
engine is not running, the defect is
probably in the receiver. However, all
leads to and from the chassis (Figs. 2
and 3) should be checked first for se-
cure connections. If noise is present
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only when the engine is running, and
even when the vehicle is not in mo-
tion, check the suppression equipment.
More detailed reference will be made
to this equipment later in connection
with Fig. 4. Also make sure that the
receiver is properly grounded both to
its support bracket and to the contact
with the instrument panel. Noise that
occurs only when the auto is in motion
may be due to intermittent contact to
automobile ground, through either the
support bracket or the instrument
panel. However, also keep in mind the
fact that, if there is intermittent con-
tact with the antenna or another part
of the antenna system, similar indica-
tions will result. These other possibili-
ties should also be checked when the
noted symptoms are present.

Distorted or garbled sound: Before
dismantling the radio, it is a good idea
to check the speaker and individual
tubes by substitution. Sometimes, if
the speaker is improperly mounted,
bending or twisting may throw the
voice coil out of alignment. Mounting
nuts should be tightened by hand only.
If wrench or pliers are uscd for this
operation, there may be a tendency to
overtighten, with poor sound resuliing.

Some cases of weak reception can
also be corrected without chassis re-
moval. The antenna trimmer, which is
accessible externally (Fig. 3), may be
misaligned. It should be adjusted with
the antenna fully extendad. When the
search tuner tends to run continuously
without stopping on certa'n stations,
it is well to remembper, the actual trou-
ble may also bz poor sensitivity. In
this connection, note that poor sensi-
tivity and the other symptoms that
may result from it can be evident
when the auto’s battery voltage is low.
A check of battery voltage may often
save the job of dismounting the radio
for a bench check.

Suppression equipment: When it be-
comes necessary to check or install sup-
pression equipment, make certain that
all paint and dirt are removed from
betwcen capacitors and the vehicle and
that all nuts and bolts are tight. The
lead shown as Item A4 in Fig. 4 is the
high-voltage distributor-to-coil wire.
The generator suppressor capacitor is
shown as Item B. To remove or install
it, it is not necessary to remove the
bolt. The latter need only b2 loosened
enough to slide the mounting bracket
under the lock washer. The capacitor
for the voltage regulator is shown at
C, and the bonding clip is located as
shown in Item D.

To get at the static collectors, the
front hub grease caps, as shown, must
be removed. Make sure that the cotter
key is bent away from the spindle cen-
ter hole so that it will not interfere
with the static collector. The bonding
cable—this applies to 8-cylinder mod-
els only—is shown in heavy outline in
Item E.

Physical comsiderations: When tube
substitution is necessary, access is ob-
. tained simply by removing the bottom
cover of the receiver. This should pre-
sent no problem. The tubes may then

July, 1957

/

be found, protruding downward from
the chassis plate and within convenient
reach. When the receiver itself has to
be taken out, the most advantageous
position to assume for this chore is in
the center of the front seat, directly in
front of the receiver dial. Be sure that
the ignition switch is off. As a pre-
liminary step, the air-duct assembly
on the right hand should be removed
to get it out of the way.

The three leads connecting to the
radio—the antenna lead, the 4 lead,
and the pilot-light lead—should now be
disconnected, and the fuse withdrawn
from its holder. Next remove the con-
trol knobs, bezel-mounting nuts, bezel,
and the panel-mounting nuts. The leads
are shown in Figs. 2 and 3. The hard-
ware should present no problems.

The lockwasher on the stud at the
right side of the chassis is then re-
moved, and the mounting bracket is
pushed away from the stud. Now the
bolt from the other bracket, at the
lower left of the chassis, is also re-
moved.

Now the receiver is free of its mount-
ing, but must still be maneuvered out
of the space in which it is located and
into the clear. To complete removal,
grasp the chassis with both hands, push
it forward, and tilt it toward the toe-
board until it clears the instrument
panel. This completes the job.

To get the receiver back into posi-
tion, the dismantling procedure is re-
versed with very little change. The en-
tire unit is guided into position with
both hands but, once it is oriented, it
is steadied in place with one hand
while the other is used to install the
panel-mounting nuts finger-tight only.

While it is thus held, slide the right-
hand mounting bracket over the stud
at the right side of the chassis, and in-
stall the nut and lock washer here. Be
sure that all cables and wires are clear
of the chassis, else you may have to
perform partial dismantling again

when you find that leads cannot be
connected properly because they have
become caught. Now you can install
bolt and lock washer to the stud on
the left side. Getting the bezel and the
hardware in place is a relatively sim-
ple matter. Next the speaker plug, 4
lead, antenna lead, and fuse are re-
turned to place. Be sure that they are
securely connected. Last, don’t commit
the common oversight of forgetting to
put the air-duct in place.
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Fig. 2. Location of leads to receiver.
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Fiq. 4. Detdils for installing or checking noise suppression equipment. See text.
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“Compadre” under way. The only external
signs of her electronic gear are the ship
antenna for the radiotelephone rig and
the broadcast antenna between the masts.

By R. J. CARRINGTON

Altec Lansing Corp.
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Sea-Going Hi-Fi

Here is how one boat owner is taking his hi-fi

with him on long cruises or short week-end trips.

ing today and the rapidly increas-

ing popularity of high fidelity, it
seems only natural that the two should
combine and that hi-fi should go to
sea. The myriad pleasures of boating
are certainly enhanced by a fine high-
fidelity system, and who can think of
a better place to enjoy hi-fi than some
secluded anchorage completely free
from distracting sounds and a long,
long way from any neighbor who
might complain if the volume is turned
up.

Of course, marine high fidelity can’t
be achieved by selecting components
and hooking them up as though the
boat were a house. A marine installa-
tion presents some special problems
and has certain distinct operational
limitations. No record player or turn-
table can be used when the boat is un-
der way. Engine vibration and roll of
the boat will send even the finest stylus
and arm scurrying across a record in
a singularly destructive manner, bless-
ing that disc forever with regularly
spaced pops and bangs. The normal
directional FM dipole antenna will not
stay in proper orientation to station
transmitters while the boat plies differ-
ent courses or drifts leisurely around
its anchor. Only the finest electronic
equipment will operate reliably under
marine conditions of extreme humid-
ity, salt air, vibration, and motion.
Most important of all is the fact that
the boat must supply its own electrical
power; that this power is limited in
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WITH the great popularity of boat-

guantity and is time-consuming to re-
place.

The author was in a fortunate posi-
tion when installing his sea-going high
fidelity. The “Compadre” was in the
process of being converted to a yacht,
hence there were no existing batteries,
voltage, or wiring to worry about.
Since the “Compadre” is a husky boat,
there were no problems of size or

‘weight in the electrical layout; only

money. From the standpoint of con-
venience it seemed at first that a 110-
volt system would be the most desir-
able, but two complete 110-volt battery
banks proved to be unreasonably ex-
pensive and bulky. A single bank was
ruled out because the failure of one
battery could endanger the operation
of all the electrical gear on the boat
and actually prove perilous to the
safety of the craft at sea. With this
exclusion of 110 volts it was obvious
that 32 volts was the best choice be-
cause of the ready availability of mo-
tors, lights, appliances, etc., in this
voltage.

Once the voltage was selected, it
was necessary to calculate the total
ampere-hour capacity needed to meet
the boat’s demands. Under way this
is no problem since the cruising gen-
erator on the main engine is constant-
ly replenishing any drain. At anchor,
however, the constant putt-putt-putt-
ing of the auxiliary generator is dis-
tracting, to put it mildly.

Final calculations and experience
showed that the ‘‘Compadre” lying at
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anchor in full commission {refrig-
erator, deep freeze, water pressure
pumps, stove blowers, electrical acces-
sory motors, and the normal use of
lights, hi-fi, and radio) has a twenty-
four-hour 'average power consumption
of 110 ampere-hours at 32 volts. The
battery system finally selected consists
of three independent 32-volt banks
each having a 130 ampere-hour capac-
ity. Normally these three banks are
connected in parallel for a total capac-
ity of 390 ampere-hours. It is possible,
however, for the boat to operate effi-
ciently from any single bank for 24
hours without generating.

Battery charging is accomplished by
any of three methods. At dockside, it
is done with a 15 ampere trickle
charger working from shore power,
under way, it is accomplished by a 3
kilowatt cruising generator mounted
on the main propulsion engine; and at
anchor, a 1 kilowatt auxiliary gener-
ator is used.

In addition to the 32-volt wiring
throughout the boat there is a com-
plete 110-volt circuit which can be op-
erated from shore power when tied to
a dock. Under way or at anchor. this
system operates through an ATR 32-
volt to 110-volt inverter of 160-watt
continuous or 200-watt intermittent
capacity. This capacity is adequate to
operate the high-fidelity system and
for small power tools and appliances.
A heavy duty switch in the engine
room connects the 110-volt wiring to
either the shore power connections or
the inverter.

An Altec 339D 18-watt amplifier was
selected as the “heart” of the hi-fi sys-
tem for a variety of reasons. Its con-
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struction is sturdy enough to stand
the constant vibration and motion of
shipboard use; all of the capacitors
used are of the type which are sealed
against moisture, and its efficiency,
comparing line power drain to watts
output, permits sufficient audio pow-
er within the limitations of the in-
verter and battery system.

As sound sources, a Garrard changer
with G-FE diamond stylus was selected
. for use at anchor and at the dock. For
music under way and for the recording
of native bhands while cruising the
Mexican and Central American coasts,
the choice was a Magnucorder portable
tapc recorder which can be easily re-
moved from its shipboard location and
carried ashore along with its asso-
ciated equipment. For radio reception
in Southern California waters an Altec
306A AM-FM tuner was the choice.

Installation of the components is
conventional except that it is neces-
sary to bolt them in place in order that
they not come adrift in a seaway.

The conventional dipole antenna for
the FM section of the tuner is com-
pletely inadequate at sea due to its di-
rectional characteristics and the con-
stantly changing direction of the boat
with its varying oricntation to the FM
transmitters in the area. This direc-
tional problem was solved by placing
two flat dipole antennas flush on the
cabin top in opposed positions so that
they form an “X" and provide com-
pletely non-directional reception.

The selection of loudspeakers in-
volved two factors: quality and effi-
ciency. With the basic limitation in
amplifier power, speakers which are so
low in efficiency as to require a terrific
amplifier output were ruled out. The
final selection was an Altec 700 ‘“‘Mel-
odist” two-way system for the main
cabin and Altec 408A “Biflex” speakers
for the after deck and the owner's
stateroom below decks. Each of these
three speakers is equipped with an “L"”
pad for individual level control.

The after deck speaker was mounted
in a porthole which was reversed so
that it now opens out onto the deck
and can be closed and dogged to pro-
tect the speaker from the elements
during bad weather. The 8-inch “Bi-
flex”” in the owner’s cabin is mounted
in a two-cubic-foot bass reflex and the
“Melodist” system in the main cabin is
cnclosed in its integral enclosure and
mounted permancntly into the book-
case above the system components.

In addition to the AM-FM tuner, a
battery-powered Zenith short-wave re-
cciver was added to the equipment
line-up. With its morc restricted fre-
quency range it is superior to a high-
fidelity tuner for intelligible reccption
over the great distanccs required when
cruising the southcrn Mexican coast
1000 to 1500 miles from the desired
stations. This short-wavce receiver also
covers the 2.5, 5, 10, and 15 megacycle
frequencies of station WWYV over
which the National Bureau of Stand-
ards broadcasts the standard time sig-
nals so neccssary to accurate celestial
navigation. The recciver is also used
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The three 32-volt battery banks in engine room. Trickle charger and inverter are
mounted above. Knife switch controls cylinder head heaters used for engine starting.

to monitor the international calling and
distress frequency (2182 kc.) as re-
quired by the FCC while the radiotele-
phone is in use. It has the advantage,
as a general marine monitor, of plac-
ing no drain on the ship's electrical
system and its own drycell battery has
an operating life of approximately 1000
hours.

The Zenith receiver is equipped with
two conventional copper wire antennas.
The one for local station reception is
12 feet long and mounted on the cabin
top. One 42 feet long is stretched be-
tween the two signal masts for long
range reception. Each of the antennas
can be switched to either the short-
wave receiver or the AM section of the
tuner.

Other electronic gear on the “Com-
padre” includes a 35-watt crystal-con-
trolled Raytheon transmitter and re-
ceiver. Channels are provided for
radiotelephone (ship-to-shore) com-
munication over telephone company’s
coastal station, KOU, at San Pedro.
California; for the two ship-to-ship
communication frequencies, 2638 kec.
and 2738 kc., and for the marine and
aircraft international calling and d's-
tress {frequency, 2182 kc. This 35-watt
transmitter, which is located in the
after end of the main cabin, is used for
communications in local waters. For-
ward, near the helm, is a 150-watt
Sonar transmitter for use in more dis-

tant communications while cruising.
This Sonar unit has the same frequen-
cies as the 35-watt Raytheon and the
additional facility for communication
with the Pacific high seas radiotele-
phone station, KMI, in San Francisco,
on the 8 megacycle band.

Also placed near the helm for opera-
tional convenience is a Raytheon depth
sounder, of 25-tfathom range, which is
used on entering and navigating un-
marked harbors and coves and as a
navigational aid in coastal cruising.
Naturally the boat is equipped with an
autopilot to hold her on course auto-
matically.

It seems that modern day sailors
must replace the knowledge of sail-
making and marlin-spike seamanship
so necessary to their predecessors with
a basic understanding of electricity and
electronics, for modern cruising boats
like the “Compadre” have more elec-
tronic devices than the normal home
and must make their own power—and
the crew can’t call the service techni-
cian if anything goes wrong at sea. Sea
goin’ electronics, whether operational
or high fidelity for pleasure, must be
of the highest quality to assure re-
liability and long life. But the safety
of electronic navigational devices and
radios cannot be denied and the pleas-
ures of high fidelity on a long cruise
or a week-end trip make them all
worth while.

The cover photo is by Peter J. Samerjan.

This Month’s Cover

All of the comforts are enjoyed by R. J. Carrington
and his guest, Lyn Terry, aboard his converted yacht.
The "Compadre' carries a full complement of elec-
tronic gear both for entertainment and ocean-going
safety. The center of operations is the helm with a
depth indicator nearby, autopilot control above the
compass binnacle, battery condition meter, and the
various engine controls. In addition to this naviga-
tion gear, the boat carries an AM-FM tuner, record
changer, portable tape recorder, 18-watt power am-
plifier, short-wave receiver, and an elaborate speak-
er system with installations throughout the ship.
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mproved

By KENNETH BRAMHAM

There are many ways of achiéving gratifying

improvement of the sound from most TV sets.

ter television reception, which has
engendered new antenna design,
aluminized picture tubes, color, and a
host of other developments, the audio
portion of the receiver remains, by and
large, relatively neglected. In many

DESPITE a continuing quest for bet-
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Fig. 1. Improved first audio amplifier.

Fig. 2. Conventional audio amplifier

cases, the audio portion of the trans-
mission is delivered to the viewer-
listener through the cheapest possible
speaker, powered by the minimum cir-
cuitry that will provide a pallid but
usable facsimile of an FM transmis-
sion that was originally of good quality.

The improvements that can be made
to the audio portions of TV receivers
vary over a wide, unlimited range.
They include, at one end, the simple
addition of a better speaker and, at
the other, the installation of a com-
pletely separate FM system tuning
over the TV bands. Between these ex-
tremes, there are several ways of ob-
taining satisfying results at low cost.
Often modification of the existing
audio circuit and the addition of an
adequate speaker system will be suf-

and output circuit in TV receivers.
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ficient, without resort to additional
chassis.

A typical TV receiver audio circuit
is shown, in part, in Fig. 2. It will be
noted that no cathode bias is used in
the 6T8 triode circuit, which results in
clipping of the audio signal and ex-
treme distortion at high signal levels.
Biasing the cathode of this tube with
a small resistor would improve the op-
erating conditions of the triode—but
would also bias the a.g.c. clamping

-diode in a positive direction and thus

destroy its function.

An alternative arrangement is shown
in Fig. 1. Here a negative voltage is
taken from the receiver power supply
and applied to the grid of the 6T8.

. Variations in make and models of re-

ceiver may require slight changes in
the value of R; to provide the amount
of bias needed to eliminate clipping at
normal listening level. This value will
usually be on the order of 1 to 2 volts
negative.

The voltage-divider arrangement
whereby a low “B-+” supply of 100 to
150 volts is taken from the cathode of
the audio-output tube complicates any
proposed improvement to this section
of many television receivers. Such a
“stacked-B-" circuit has discouraged
many an individual bent on extracting
better sound from an existing system.
However, the existence of this circuit
does not mean that no improvement
can be made, but only that the final
result must produce a low “B-" sup-
ply of correct voltage, as given by the
manufacturer in his service informa-
tion.

Referring again to Fig. 2, we see
that grid 1 of the output tube re-
ceives a positive bias from the “B-+”
supply. This voltage must be negative
in relation to the cathode by approx-
imately 10 volts under ‘“no signal”
conditions for good audio. A v.t.v.m.
reading should be taken of this voltage
and adjustments in value of R, R, and
R; made to provide the correct oper-
ating conditions. In measuring this
voltage, it is advisable to connect the
v.t.v.m. directly between grid and cath-
ode, rather than to attempt to take
separate readings to chassis on a 150-
or 200-volt scale. This procedure must
be repeated after any changes are
made, to the circuit.

" Capacitor C; in the output-transform-
er circuit of the original set is nor-
mally on the order of .02 ufd., and very
effectively removes such unwanted
sound as the ‘“hash” associated with
poor film copy. This treble cut is not
so desirable with live programs and C:
can be reduced, in most cases, to .001
ufd. if a simple tone-control circuit, R
and C., is installed prior to the audio
output stage. (R, may have a value of
.5 meg. and C: may be a .005-ufd. unit.)
A simple alternative which may be
more practical in some receivers is the
installation of a small, single-pole, sin-
gle-throw switch in series with Ci.

An improved audio circuit which can
be built into many receivers is shown in
Fig. 3. While it is not seriously intend-

(Continued on page 143)
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Transistorized FM
Wireless

been of especial interest to most
electronics workers, whether they
are engineers, experimenters, students,
gadgetcers, or technicians. More re-
cently, with the increasing availability
. of transistors, interest in transistor
circuitry has pre-empted interest in
most other electronics fields. What
is more natural then to combine v.h.f.
and transistor circuitry into a single
piece of equipment?-—a transistorized
“FM wireless microphone.”

Unfortunately, it was only recently
that transistors suitable for v.h.f. work
beceme available.

When the transistor was first an-
nounced in 1948, it seemed to offer a

- solution to several of the pressing
problems confronting the radio-elec-
tronic industry since it was but a
fraction of the size of a vacuum tube,
much lighter, and had more modest
power requirements.

In addition to all of its other charac-
teristics, the early point-contact units

/had fairly good frequency response. It
wasn't too long before commercially
manufactured units were available
which could be used as oscillators at
50 megacycles and higher (RCA type
2N33).

But the point-contact transistor had
a number of disadvantages. It was
noisy, difficult to manufacture, expen-
sive, and unstable in some types of
circuits due to a negative resistance
characteristic.

The invention of the junction tran-
sistor in 1951 supplied industry with a
unit which overcame the disadvantages
of the point-contact transistor while
retaining most, but not all, of its ad-
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EQUIPMENT for v.h.f. has always

Here a grid dip meter is being coupled
to ihe oscillator to check its frequency.

By LOUIS E. GARNER, JR.

Stuck into pencil eraser is new tetrode
transistor that can oscillate above 200 me.

Simple one—transistor circuit operates in standard

FM broadcast band and employs new tetrode transistor.

vantages. The junction transistor was
easier to manufacture and thus less
expensive, it had low noise, and was
just as small as the earlier unit. In
addition, the junction transistor had
high efficiency and. because it didn't
have a negative resistance characteris-
tic, was more stable in practical cir-
cuits.

The junction transistor unfortunate-
ly had a limited frequency response.
The early units were suitable only
for audio frequencies. Later, improve-
ments in design, in manufacturing
techniques, and in selection methods,
permitted the commercial production
of junction transistors suitable for use
at low to medium radio frequencies.

Fig. 1. (A) The approximate consiruction.
(B) schematic symbol, and (C) base pin
connections for the General Electric 3N30
(Z]7-2) junciion tetrode transistor unit.
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Today, junction transistors are avail-
able for use as amplifiers up to 20 or
30 megacycles.

The Tetrode Transistor

Even though improvements in phys-
ical design and in manufacturing tech-
nigues extended the upper frequency
limit of the common junction tran-
sistor to moderate radio frequencies,
commercial units still weren’t suitable
for use at v.h.f. It was the invention
of the tetrode transistor in 1952 that
broke the “frequency barrier.” Theo-
retically, junction tetrode transistors
can operate into the hundreds of mega-
cycles.

Although invented in 1952, it has
only been in the past year or two
that junction tetrode transistors have
been available as commercially manu-
factured products and, for a good por-
tion of that time, virtually the entire
available production went to the
Armed Forces.

The approximate construction of a
junction tetrode transistor is shown
in Fig. 1A, while the schematic symbol
for this device is given in Fig. 1B. Pin
connections for the General Electric
type ZJ7-2 (3N30) tetrode transistor
are shown in Fig. 1C.

Physically, the chief difference be-
tween a grown junction triode tran-
sistor and the junction tetrode unit lies
in the addition of a second base lead
connection (Base 2). If this connection
is ignored, the tetrode will function

45


www.americanradiohistory.com

RFCI

0008,

MIC
BATT,

Plllls

Ri—12.000 ohin. V2 m. carbon res.

R:—220 ohm, Y5 w. carbon res.

Ci—25 pptd. tubular ceramic capacitor

C:—50 pufd. tubular ceramic capacitor

C.s. C—.0015 pfd. disc ccramic capacitor

Li—FM wave trap coil from TV rcceiver (see
text)

RFCi—High-frequency r.f. chokc (Ohmite Z-
144)

S1—S.p.s.t. slide switch

Mic.—1000 ohm transistor microphone, 1" dia.
(Shure No. MC-11)

Batt.—6-volt battery (Burgess Y4, sec text)

Vi—“n-p-n" tetrodc transistor (General Elec-

tric Type ZJ7-2, 3N30)

Fig. 2. Complete schematic diagram of the
FM wireless microphcone described here.

quite well as a triode transistor, and
will have operating characteristics
typical of a triode.

Two factors limiting the frequency
response of the triode transistor are
its base resistance and its interelec-
trode (emitter-to-collector) capacity.
The addition of the second base lead
permits both of these values to be
reduced.

In practice, bias currents of opposite
polarity are applied to the two base
leads (Base 1 and Base 2). The pres-
ence of a bias of opposite polarity on,
say, Base 2 forces major emitter-to-
collector conduction to take place in
the immediate vicinity of Base 1. This
results in a drop of both base resist-
ance and of interelectrode capacity,
thus extending the upper frequency
limit of the unit.

Since the two base electrodes re-
quire voltages of opposite polarity with
respect to each other and to the emit-

Below “chassis” view of the wired unit showing transistor.

ter, many of the early junction tetrode
circuits specified the use of two, and
frequently three, independent power
sources (batteries). However, the au-
thor, in his “Transistor Circuit Hand-
book,” described a basic high-frequency
tetrode oscillator circuit which re-
quired but a single power supply (bat-
tery). A modified version of this cir-
cuit, suitable for use as an FM wire-
less microphone in the range of 88-108
megacycles (FM broadcast band), is
given in Fig. 2.

The FM wireless microphone is es-
sentially a low-power frequency-mod-
ulated radio transmitter. Referring to
Fig. 2, a G-E type ZJ7-2 (3N30) tetrode
transistor is used as a high-frequency
r.f. oscillator.

In operation, the feedback necessary
to start and sustain oscillation is ob-
tained by means of a tapped induct-
ance coil L. The circuit’s operating
frequency is determined by a resonant
circuit made up of L, fixed capacitor
C,, and various distributed capacities,
including the interelectrode capacities
of the transistor. This last capacity is
extremely important, for it is by vary-
ing this capacity that we are able to
achieve frequency modulation of the
oscillator.

The tuning coil, L,, is isolated from
the rest of the circuit by an r.f. choke
(RFC.). Capacitor C. serves as a d.c.
blocking capacitor and to couple one
side of the r.f. coil (L.} to one of the
base electrodes (B:).

Base bias currents of opposite polar-
ity are obtained in a unique fashion.
Bias for the first base 7B,/ is obtained
through resistor R.. This makes B
positive with respect to the emitter
electrode. The second base (B.) is
returned directly to circuit ground
through the dynamic microphone
(Mic.) which, in turn, is bypassed for
r.f. by capacitor C,.

The emitter is ‘““floated” above cir-
cuit ground by means of emitter resis-
tor R., bypassed by Cs. Since the elec-
tron flow is from the negative terminal
of the battery, through the “on-off”
switch, 8,, through R. from emitter to
collector of the transistor, through
part of L, and through the r.f. choke

(RFC,) back to the positive terminal
of the battery, the voltage drop across
R, due to emitter current, makes the
emitter slightly positive with respect to
circuit ground.

But the second base (B:) is returned
directly to circuit ground as far as
d.c. is concerned. Thus, the emitter is
slightly positive with respect to B:, or,
which means the same thing, B. is
slightly negative with respect to the
emitter.

Thus, we have established the basic
conditions for tetrode operation, that
is, B. is positive with respect to the
emitter and B: is negative with respect
to the emitter.

One of the operating characteristics
of the junction transistor is that its in-
terelectrode capacities change with
changes in applied operating bias cur-
rents. The tetrode transistor is no
exception. Thus, the audio signal ob-
tained from the microphone and ap-
plied to B. causes a slight change in
B.'s instantaneous bias. This, in turn,
changes the interelectrode capacities of
the transistor.

As we have seen, the interelectrodc
capacities help determine the operat-
ing frequency of the oscillator, and
changes in these capacities can shift
the oscillator’s instantaneous frequen-
cy, effecting the desired frequency
modulation with an audio signal.

It is possible for a slight amount of
amplitude modulation to occur si-
multaneously with the frequency mod-
ulation, but any such modulation is
small due to the essentially linear
operation of the transistor itself. Non-
linear operation is necessary for satis-
factory amplitude modulation. In any
case, whatever amplitude modulation
occurs is cancelled out by the limit-
ing action of the FM receiver with
which the unit is used.

The circuit’s operating power is ob-
tained from a single six-volt battery
(Batt.), controlled by a s.p.s.t. switch,
Si.

The construction details of the au-
thor’s model are clearly evident in the
photographs. All parts are mounted on
a small piece of perforated Bakelite
board, which serves as a flat “‘chassis.”

Above “chassis” view showing remaining components in circuit.
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The completed instrument is mounted
in a small plastic box.

Except for the battery and the tran-
sistor itself, all the components needed
for assembling the FM wireless micro-
phone are standard and should be
readily available through local dis-
tributors or through the larger mail-
order supply houses advertising in this
magazine.

The ZJ7-2 (3N30) junction tetrode
transistor, while a standard type, is a
relatively new unit and, because of
this, may not be stocked by all parts
distributors. If unavailable through
regular outlets, this unit may be or-
dered directly from General Electric
Company, Semiconductor Products,
Electronics Park, Syracuse, N. Y.

(Editor's Note: It is expected that
the initiul price set for this new tran-
sistor will not be lower than about $30.
However, according to G-E, just das
soon as there is an increase in the
production schedule for this unit, the
mrice will be reduced accordingly.)

The subminiature 6-volt battery
shown in the photographs is a type Y4,
a developmental battery produced by
the Burgess Battery Company, Free-
port, Illinois. However, any standard
6-volt battery may be used as a sub-
stitute for this unit. Suitable types
are the Burgess type Z4, RCA types
VS310 and VS307, and Mallory type
TR-115R. Some changes in circuit lay-
out may be necessary to accommodate
different sized (or shaped) batteries.

Tuning coil L, consists of four turns
of No. 18 tinned bus bar on a form 4"
in diameter, with the turns spaced the
diameter of the wire., A powdered iron
slug permits an adjustment of induct-
ance and of the unit’s operating fre-
quency. The tap is made 1% turns
from the “base end” of the coil. The
coil used in the author’'s model was
salvaged from an old TV receiver and
served as an FM “wave-trap” in its
earlier installation. Except for the tap,
no modifications in the original coil
were made.

Small “L” brackets, secured with
4-40 machine screws and nuts, were
used for mounting the “on-off” switch
(8:) and the coil (L:). The miniature
microphone (Mic.) and the small bat-
tery (Batt.) were held in place with
small brackets shaped from soldering
(ground) lugs and mounted with 4-40
screws and nuts.

Although a socket is specified for
the transistor, the ZJ7-2 tetrode is sup-
plied with moderately long leads and
may be permanently soldered into posi-
tion. If this construction technique
is employed, the usual precautions to
avoid heat damage should be followed,
the lead being soldered is grasped with
a pair of pliers between the connection
terminal and the body of the tran-
sistor. The soldering is completed as
quickly as possible, using a hot, clean,
well-tinned iron, with the pliers serv-
ing as a ‘“heat sink” to absorb ex-
cessive heat.

Although the circuit is non-critical—
as with any v.h.f. circuit, good layout
and wiring techniques are essential to
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The FM wireless mi-
crophone is shown
here with «a table mod-
el FM receiver which
is used to pick up
the signal generated.

ke

proper operation. All signal leads must
be kept as short as is practicable.
“Lap” type joints are recommended for
all soldered connections.

When the wiring is completed, all
connections and components should be
double-checked for possible errors be-
fore the battery is installed or the
unit turned on. Correct battery polar-
ity must be observed.

Adjustment and Applications

The FM wireless microphone is de-
signed to operate within the FM broad-
cast band (88-108 mc.). Its exact oper-
ating frequency can be set by adjust-
ing Li)'s “slug,” while its range can be
shifted to different parts of the band
by varying the size of fixed capacitor
Ci. The author’s model, using the
values specified in the parts list, oper-
ates from 89 to about 98 megacycles.

If available, a high-frequency grid-
dip meter may be used for a prelim-
inary “check out” of the completed
instrument. The unit is turned on and
placed near the pick-up coil of the
grid-dip meter. The meter itself is used
as an absorption wavemeter and tuned
slowly over the band.

Although the power output of the
FM wireless microphone is very small,
close coupling should permit a definite
indication on the meter. The author
obtained an easily identified upswing

on his Millen grid-dip meter when
checking his model.
Of course, the unit can also be

checked out on any standard FM
broadcast band receiver. The receiver
is turned on and allowed a normal
“warm-up’” time. Its volume control is
turned up full. The FM wireless micro-
phone is held fairly close to the re-
ceiver (3 or 4 feet away) and turned
on. No “warm-up” time is needed!
While the operator talks, sings, or
whistles into the microphone, the re-
ceiver is tuned slowly over the band.
(Ly's “slug” should be in mid-position.)

Since there is no separate audio
stage, the microphone is designed to be
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held fairly close. The operator should
speak in a moderately loud voice, but
he doesn’t have to “yell.”

In some cases, depending on the
sensitivity of the receiver with which
the instrument is used, it may be pos-
sible to obtain audio feedback between
the receiver’'s loudspeaker and the in-
strument’s microphone as the signal
is tuned in. This will result in a
“squealing” similar to that experienced
with p.a. systems when audio feedback
takes place.

The author obtained feedback and
“squealing” with the instrument about
4 or 5 feet from a relatively insensitive
FM receiver.

Note that no antenna is shown
either in the schematic diagram, or in
the photographs of the author’s model.
Using the radiation of the oscillator
coil (L:) alone, it was possible to pick
up the FM wireless microphone at dis-
tances of 25 to 30 feet from a relative-
ly insensitive table model FM receiver.
With a more sensitive receiver, or a
high quality tuner, reception at 50 to
100 feet, or more, should be feasible.

While a simple antenna may be
added, if desired, the author recom-
mends that the use of an antenna be
avoided if at all possible. FCC regula-
tions specify that the signal strength
of an unlicensed device shall be not
more than 15 microvolts/meter at a
distance of wavelength divided by 27
(6.28) from the radiating source. At
100 megacycles, this comes out to just
about one and a half feet!

In use, the FM wireless microphone
should be adjusted to an operating fre-
quency which falls at a “dead” spot on
the FM receiver's dial.
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You were born with a cost-free, maintenance-free

troubleshooting accessory. Learn how to use it.

for servicing radio and TV. Some

are designed to equip the inexperi-
enced technician with as nearly a fool-
proof system as possible to lead him
to the fault eventually, even if the
route is sometimes laborious and time-
consuming. Signal tracing, voltage
measurement, resistance measurement,
and the like all have their merits.
These techniques have been deservedly
honored by long-time practice. How-
ever, they are not the only techniques
available to us; other methods, less
universal in application, are often ex-
tremely useful.

Many practicing technicians soon
learn the value of audible and visibie
clues. For instance, the customer can
often supply information that leads di-
rectly to, or at least hints at, the trou-
ble. The quality or lack of sound very
often tells the exact trouble., For ex-
ample, a radio that has absolutely no

MANY systems have been evolved
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sound frequently has an open voice coil
or output transformer. Of course if,
in taking the receiver apart, we find a
handful of resistor chips in the cabinet
we will not rush for the oscilloscope,
but rather look for the damagad resis-
tor which may indicate a heavy over-
load.

The successful technician learns to
apply to the receiver that system or
combination of systems that experience
tells him will most quickly lead to the
faulty component, after analyzing the
information he has picked up from the
customer and from visual and audible
clues that come his way while handling
and examining the set.

One set of clues often overlooked,
forgotten, or not fully appreciated is
that group indicated by certain dis-
tinctive scents associated with the
trade. Very often these too can lead
us directly to the trouble, or at least
speed our discovery of the fault and

www americanradiohistorv com

save us time in selecting, assembling,
and uiing the necessary equipment.

No technician is ever likely to forget
the overpowering and unmistakable
odor of the first power transformer he
encountered that was really cooked.
This clue is conclusive and final. In a
case like this, we can quickly find the
cause from the few possible ones and
can probably give a rough estimate of
the cclst of repairs for the customer
without even removing the back of the
receiver.

In the case of the burned power
transformer, as in the case of most
odors associated with various defects,
it is difficult to convey a fully adequate
impression of what the sense of smell
can recognize. We can go as far as
saying that the smell of burning is
present, for example, but this may not
be enough to establish immediate rec-
ognition the first time a cooked trans-
former is encountered. However, once
the technician is alerted to possibili-
ties, he is well on his way, and can file
the odors in his memory after the first
encounter for future use.

Another distinct olfactory clue is
that of the exploded dry electrolytic
capacitor, which can be described as
pungent. Once encountered, it is like-
wise not easily forgotten. This clue
also points to a very few probable
causes which can be narrowed down
with less equipment in less time.

A third and less obvious smell is
that o_f a cooked composition resistor
which, although less persistent, is no
less distinctive and is equally effective
in leading the technician to the trouble.

When selenium rectifiers go, the
strong stench that results, often com-
pared to the odor of rotten eggs, leaves
little doubt as to which component
has been affected.

Searing Bakelite is not too common-
ly found but should lead us, with a
little directional sniffing, to the cause.
This will most often be an arc in the
output stage of a high-power audio
amplifier, and can be discovered as a
charred track in the tube socket or
base. Overheated Bakelite will some-
times blister, providing a corroborat-
ing visual sign. Here again the under-
lying cause will probably be an open
capacitor and can be easily located
with little or no equipment.

There are other possible faults that
will give tell-tale odors, and they are
associated with overheating, arcs,
shorts, grounds, and excessive currents.
It is in the discovery of troubles that
are not visible because of shield cans
or other obstructions that the olfac-
tory clue is most helpful. For exam-
ple, the primary of an antenna coil
will occasionally take 110 volts as a
result of the breakdown of capacitors
and the use of grounded antennas. This
defect may not be visible and may even
continue to leave a reasonable resistive
reading, but can sometimes be tracked
down through the odor left by the
burnt varnish and cotton insulation.

Television is, of course, subject to

(Continued on page 122)
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CONDENSER FAN
WITH SUINGER RING
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MOTOR COMPRESSOR

ROTARY SWITCH AND
COVER

FRESH AIR DAMPER

just another electrical appliance to

tax the already overburdened house
wiring, but it can also afford the elec-
tronic technician a source of income
during the TV slack period,

Troubleshooting in air conditioning
requires a systematic approach similar
to that used in TV or radio. In air
conditioning, it is helpful to think in
terms of localized but related func-
tions and systems, as we think of block
diagrams in TV circuits. The electrical
circuits supply power to the fan and
the compressor. The inside room air
brings the excess heat and humidity to
the air conditioner, where the refrig-
erant system provides the means of
transferring this undesirable heat and
moisture to the outside air. The con-
tact between the air-conditioning unit
and the. outside must be intimate.

Let us consider each function in
turn. Essentially the basis of mechan-
ical refrigeration is the well-known
principle that evaporation causes cool-
ing. This is so because the heat en-
ergy that is required for change of
state from a liquid to a gas must be
drawn from somewhere. It may be the
fire under the pot of boiling water or
the human skin from which, say, a
drop of alcohol evaporates. To cool a
room, then, all we need is a liquid for
evaporation. Water, though cheap, is
impractical. There are other more suit-
able liquids, called refrigerants, that
absorb heat more efficiently from their
surroundings as they evaporate.

The refrigerant that is now used
very widely in room air conditioners is
Freon-12. It is fortunate, indeed, that
this chemical, suitable for use as a re-
frigerant because of its property of
evaporating at temperatures as low as
—21.6° F. at atmospheric pressure, is
also non-toxic, non-irritating, non-ex-
plogive, and odorless. A human being
would not be harmed if he were in an
atmosphere which contained as much
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Fig. 1. This cut-away view of a
modern room conditioner will help
the technician cerrelate compo-
nents in the unit's operating
cycle with the actual layosut.

== HEATING ELEMENT

FUSIBLE LINK
THERMAL PROTECTOR

REFRIGERANT EVAPORATOR

'Room Air Conditioners

CONTROL KNOB OPERATES
SWITCH AND DAMPERS

THERMOSTAT SLIDE KNOB

Electronic technicians can ride the hot - weather

business slump with air - conditioner work. An

expert tells what goes wrong and where to look.

as 30% (by volume) of Freon-12. In
the presence of an open flame, how-
ever, Freon-12 breaks down chemical-
ly, and produces gases that are ex-
tremely irritating to the nose and
throat. Also used in the latest units is
a new, related chemical with essential-
ly the same properties, Freon-22.

All modern air-conditioning units
contain a compressor, which is the me-
chanical means of driving the Freon
around a complete path or circuit as
shown in Fig. 2. The room side of this
circuit contains the evaporator, an ar-
rangement of copper tubing and sur-
face-extending fins made of copper or
aluminum. It is in this circuit element
that the liquid Freon evaporates and
thus absorbs heat of the room air as
this air rushes over the tubing and be-
tween the fins. The compressor acts to
draw all of the vapor out of the evap-
orator, in the direction shown, into it-
self. There the vapor is compressed
(and raised in tempecrature to above
that of the outside air). Then it is
forced into the condenser, an arrange-
ment of copper tubing and fins similar
to that of the evaporator. At the con-
denser, another heat transfer occurs;
namely, the heat of the compressed
Freon now flows to the outside air that
circulates about the condenser fins.

As the Freon progresses through the
copper tubing of the condenser and as
its heat is given up to the outside at-
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mosphere, the Freon condenses and
again becomes a liquid. The copper
capillary tubing is of much smaller
bore (inside diameter) than the tubing
of the evaporator or condenser. It thus
controls the rate of flow of the Freon
through the system as well as sepa-
rating the high pressure in the con-
denser side from the low pressure of
the evaporator side.

The capillary tubing leads to the
evaporator, where all of the delivered
Freon liquid will evaporate. This cycle
keeps repeating, yielding much cooling
with a small amount of Freon.

With this much of an idea as to how
the basic cooling system operates, it
would be a good idea to examine a
modern window conditioner (Fig. 1) to
establish some idea of physical ar-
rangement.

The Air System

You can see now, from the lower
portion of Fig. 2, where the air streams
fit into the picture. The room air is
brought into the conditioner by means
of a special type evaporator blower
fan, and is made to come in intimate
contact with the evaporator. In the
latter unit, not only is the heat of the
room air given up, but also the water
vapor, which is responsible for humid-
ity of the room air, is deposited. This
latter action takes place because the
cooler the air, the less moisture it can
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Fig. 2. The closed system through which
the refrigerant moves as it goes through
the evaporation-condensation cycle is at
the top. The associated air-flow system
is at the bottom of the illustration.

hold. The condensate (water that has
condensed out on the evaporator) is
collected and piped to a pan beneath
the condenser.

A second fan found in the air-con-
ditioning unit is the condenser fan.
This propeller device is of the slinger
type, having a lip about the blade tips
so arranged that it can scoop up the
condensate and sling it against the
condenser to aid in cooling and thus
liquefy the vapor Freon.

Another important element in the
system is the air filter. It is inserted
in the unit on the room side and re-
moves dirt, pollen, and other foreign
particles from the room air—some-
times from the outside air as well. Let
us merely say now that, when this
filter is very dirty, it may seriously in-
terfere with the air flow and conse-
quently with the entire cooling opera-
tion.

The Electrical System

Generally there are two induction-
type motors in the air conditioner: one
is used for the compressor while the
other operates the fans. It may be re-
called that this type of motor has a.c.
applied to the windings on its stator,

or stationary winding. The alternating
field set up by the applied voltage in-
fluences the rotor, or rotating member,
setting it in motion. Motors of this
type are the most widely used in a.c.
applications, because they are rugged,
simple in construction, and require no
commutators.

An important consideration with the
induction-type motor, however, is that
it will not start on the usually avail-
able single-phase a.c. supply unless
special techniques are used. Two fa-
vorite techniques found in air condi-
tioners are the shaded pole and capac-
itor dividing.

The Shaded Pole: This method of
adapting the induction motor to the
single-phase line is used on very low
or fractional horsepower motors, like
those found in electric clocks—and fan
motors of air-conditioning units. In
construction (see the upper right-hand
portion of Fig. 3), a single, closed turn
of heavy copper bus, the starting
(shaded) winding, is embedded around
a portion of each stator pole. The a.c.
power is brought to the main or run-
ning winding, which encircles the en-
tire stator pole. The effect of the
shaded pole on starting is to set up a
magnetic field out-of-phase with the
field established by the main (running)
winding.

An alternating field is thus created
that is sufficient to start the motor. At
full speed, the starting winding be-
comes ineffective, only the running
winding being necessary for continued
operation. It is interesting to note
that, with a given set of windings,
there will be only one final speed. To
obtain an additional speed, it is neces-
sary to have an additional winding.
This is actually done on some units.

Capacitor Dividing: In larger mo-
tors, such as the compressor uses, the
rotating magnetic field in the rotor is
developed by splitting the single phase
with a capacitor and starting winding
circuit that is placed across the main
(or running) winding. Here also this
starting circuit becomes ineffective
when the motor reaches speed—but by
means of a cut-out device; namely, the
starting relay. In the illustration (Fig.
3, lower right), the initial surge of
current through the relay coil closes
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Fig. 3. The shaded-
pole motor (upper
right) and the capac-
itor dividing motor
(lower right) are two
types of induction
motors used in room
air conditioners.
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the normally open contacts and there-
by completes the starting circuit
(starting winding and starting capac-
itor). After starting is accomplished,
with the aid of the running winding,
the current through the relay decreases
as the compressor comes up to speed.
The relay contacts open and the run-
ning winding alone remains in the cir-
cuit.

The components of the electrical sys-
tem may now be discussed.

The Fan Motor

Whether designed for 115 or 230
volts, the fan motor is of the single-
phase induction type using the shaded-
pole starting principle, as explained.
One fan motor may be used to rotate
both fans by using a double-ended
shaft, or two fan motors may be used.
This is a design consideration.

Sealed Motor-Compressor

This hermetically sealed unit is an
achievement of modern production, be-
ing compact, efficient, and noise free.
Because the motor-compressor is to-
tally enclosed, air-tight, leak-tight, and
assembled under conditions of meticu-
lous cleanliness, it has been known to
provide 15 years of trouble-free serv-
ice. The compressor is of the recipro-
cating type. The motor is a single-
phase, induction unit using split-phase
(capacitor) starting as explained.

Starting Relays

As the name implies, these relays
serve the purpose of assisting in the
starting operation by momentarily in-
serting the starting circuit. The cur-
rent type, shown in Fig. 3, depends on
the initial rush of current through the
relay coil to close the contacts mo-
mentarily, and thus insert the starting
circuit. The voltage type, shown in
Fig. 4, has its contacts normally closed.
With the voltage applied, and after the
compressor motor has almost reached
full speed, the contacts open to re-
move the starting capacitor.

In this account, it is not possible to
consider all possibilities that can be
explored when a conditioner ceases to
function properly. It will be assumed,
for example, that the horsepower rat-
ing of the unit is adequate to meet the
load at hand. Nor will the question of
a heat-load survey, which is a detailed
evaluation of cooling requirements, be
raised. We will assume that a unit
which has been properly chosen for its
load and properly installed has devel-
oped trouble after some period of sat-
isfactory operation, and that the tech-
nician has been called in. With this
orientation, some common symptoms
can be treated.

Fuse Blows Repeatedly: The line
fuse should immediately be checked to
see if it is of the thermal-delay or
time-lag type and of the correct rat-
ing for the particular unit. This type
of fuse is necessary because the induc-
tion motors of the air conditioner re-
quire a starting current that may be
three or four times the normal run-
ning current. Only the delay type of
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fuse permits the initial surge to pass
without blowing and yet guards against
a sustained short.

If the delay type of fuse blows, the
reason may be low line voltage at the
unit. The voltage at the conditioner
should be within =109 of the rated
value under conditions of full load.
This is another requirement character-
istic of induction-type motors; namely,
that low voltage (and to a lesser de-
gree over-voltage) may cause a severe
current drain. (To minimize line volt-
age drops, use a cable of AWG #14
wire or better as an extension cord if
necessary.) Of course, a dead short or
even a low-resistance short in the elec-
trical wiring or components may cause
the fuse to blow. Shorts to be investi-
gated with the aid of the familiar ohm-
meter can appear with respect to the
chassis or across the lines and are lo-
cated by familiar step-by-step methods.

A more serious condition causing
blown fuses is an inoperative compres-
sor. Whether the compressor is itself
defective—possibly stuck—or whether
an associated component is faulty, the
net effect is the same: if the compres-
sor does not run, the current drain will
be excessive.

Fig. 5 shows the test cord widely
used to check the operation of the com-
pressor directly. Electrical compo-
nents are removed from the terminals
of the compressor and power is applied
by means of this test cord. A good ca-
pacitor of rating identical to that of the
start capacitor of the air-conditioning
unit must be used in the cord. Note
that the start lead “8” does not have a
clip. This serves as a reminder not to
keep this lead connected to the start
winding for more than a few seconds.

If the compressor operates now, then
some circuit component is at fault. If,
however, the compressor is found to be
defective, the air conditioner will have
to be removed to the repair shop. It
can be appreciated, by examining the
simplified electrical circuits, that a de-
fective start winding or start capacitor
will prevent the compressor motor from
going into operation. This, in turn, will
cause high current drain. A component
substitution method (for the capacitor)
or an ohmmeter check can be made on
both the start winding and start ca-
pacitor.

Unit apparently operates but cooling
is inadequate: A single factor may
cause this condition or many factors
may contribute to the same net effect.
It was stated previously that thc air
stream on the room side brings the heat
and moisture to the air conditioner. The
evaporation of the liquid Freon is facili-
tated and cooling accomplished. The
filter must be clean enough to allow
sufficient room air to reach the evap-
orator. A dirty filter is a very frequent
source of trouble.

In fact, any reduction of the flow of
room air to the air conditioner brought
about by obstructing draperies, clogged
filter, fan motor not running, evapo-
rator blower slipping on its shaft, frost
on the evaporator, and the like will se-
riously interferc with the cooling effect
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of the air conditioner, although the unit
may itself be sound.

The outside air stream, as explained,
is instrumental in liquefying the
Freon gas. Here, too, any interfer-
ence with the air flow—dirty con-
denser, fan motor not operating,
condenser slinger fan slipping on its
shaft, obstructed outside louvers, and
the like—will seriously impair the
working efficiency of the unit. It was
also stated that the collected conden-
sate aids in liquefying the Freon gas,
by being picked up by the slinger ring
and directed against the condenser. If
the slinger ring does not scoop up wa-
ter, or if the hose from the drip pan is
clogged, or is off its spud, or if the tilt
of the conditioner is such as to prevent
the accumulation of water under the
condenser fan, the cooling action will
be reduced materially.

The electrical and physical shortcom-
ings mentioned can be rectified without
too much difficulty. The frost on the
evaporator, however, usually is evi-
dence of the escape of some ¥reon from
the system, and means that the unit
should be removed to the shop. Cau-
tion should be exercised here since an
obstructed air stream, electrical short-
comings, and low temperatures may
also cause freeze up. These should be
eliminated first.

Another possible source of noise is
the compressor. It is secured by tight-
ened hold-down bolts in transit. In the
case of units of 3 horsepower or more,
however, three of the four bolts must
be loosened for proper operation. Check
to make sure that this has been done.
Also, there are external spring and rub-
ber shock mounts on the compressor.
These are also worth checking.

Another important consideration is
the installation. The air conditioning
unit must actually be sealed in at the
window. For most effective operation,
the amount of air exchange with the
hot outside air must be at a minimum,;
i.e., all leaks must be sealed.

Other Troubles

The compressor goes on and off: The
thermal cut-out is merely doing its job
of protecting the compressor against
overload. This current overload may
be developed by the compressor at-
tempting to work too hard under such
conditions as high or low voltage, ob-
structed air streams, improper opera-
tion of condensate system, or partial
short in the electrical system. The
thermal overload could also be ac-

Fig. 5. This handy test cord. easily
made up, is in common use for check-
ing the operation of the compressor.
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Fig. 4, The voltage or potential relay.
across the start winding but in series
with the start capacitor, has its con-
tacts normally closed. As the motor
comes up to speed. its windings open to
remove start capacitor from the circuit.

tuated by an usually high temperature
on the exterior of the air conditioner.
An awning over the unit may elim-
inate this difficulty.

In this connection, don’t forget that
the thermostat also turns the com-
pressor on and off. If the compressor
is cycling too frequently, the thermo-
state may need checking, or it may be
that the cooling load is so light that
the thermostat is easily satisfied. Since
constant “on-off” operation of the com-
pressor is not desirable, it is a good
idea to keep the door of the room
slightly ajar when the load is light.
The small increase in the load thus
produced will prolong the “on” periods
and cut down excessive cycling.

Unit noisy: Examine for loose me-
chanical parts, vibrating tubing, strik-
ing of misaligned blades. Loose parts
can be secured; vibration of tubing can
be located by touch and minimized by
wrapping that portion of tubing firmly
with heavy lead gasketing material.
The motor mounts or fan mounting
should be examined to see if adjust-
ments can be made to alleviate trou-
bles arising in these units.

Fan operates but compressor does
not: An examination of the conven-
tional circuit will readily suggest a
point-to-point check procedure to see
where the voltage is lost. A simple but
convenient device is to use a jumper
wire to short out individual compo-
nents such as the selector switch, ther-
mostat, relay, and others. This is all
well and good providing the compres-
sor is itself satisfactory.

The air conditioner is an accepted
appliance in the modern home and its
value as an aid to health, comfort, and
cleanliness has been accepted widely.
If selected properly, installed correctly
and given moderate attention, it will
provide its owner ample return for his
investment. Servicing the air condi-
tioner requires a working knowledge
of the principles of its operation. This
endeavor can also be varied and inter-
esting.
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By RICHARD

Views of crystal filter described below.

Improved c.w., phone, and single-sideband reception

for your receiver with an effective crystal filter.

ECAUSE of excessive crowding in
B the amateur bands, an i.f. stage

filter in the communications receiv-
er is considered a necessity by most
amateur radio operators today and it
is for this reason that radio manufac-
turers include a filter as standard
equipment with their higher-priced
communications receivers. In their
striving for extreme selectivity, manu-
facturers have resorted to crystal
filters, mechanical filters, complicated
coil and capacitor filters, and dual con-
version in conjunction with a low sec-
ond i.f. The crystal filter, in one form
or another, is still the favorite among
hams, however, because of its simplic-
ity, stability, and relative low cost. The
filter to be described rivals the best
narrow-band mechanical filters avail-
able today insofar as selectivity char-
acteristics are concerned; has no great-
er passband insertion loss than a me-
chanical filter; and can be constructed
for less than the cost of an additional
i.f. stage, if the FT-241-A crystals now
available on the surplus market are
utilized.

The filter circuit itself is a modifica-
tion of the pilot frequency selecting
filters used extensively by the British
Post Office Department. It can be con-
structed from standard i.f. stage parts
and presents few constructional diffi-
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culties, as can be seen from the photo-
graphs. Alignment of the filter may
present some problems; but, if the in-
structions given in the text are fol-
lowed, success is assured.

The filter consists of two ‘“half-lat-
tice” filter sections connected ‘“back-
to-back’” in a configuration designed to
make it possible to insert the filter
into the i.f. section of any receiver hav-
ing the appropriate i.f. frequency with
a minimum of impedance matching dif-
ficulty. In addition to impedance
matching ease, the “back-to-back” con-
figuration has several advantages over
the conventional crystal filter circuit
which employs one crystal in conjunc-
tion with a phasing capacitor in a sin-
gle section “half-lattice”: Twice the
discrimination possible with the usual
commercial crystal filter may be ob-
tained; and, since the attenuation out-
side the maximum rejection frequen-
cies is so much greater than that
obtainable with the conventional filter,
the external phasing control may be
eliminated—the maximum rejection
frequencies being permanently fixed by
trimmer adjustment during the align-
ment procedure. Much of the incon-
venience experienced with phasing out
undesired signals with the convention-
al filter is thus avoided, since the filter
is always in correct operating condition

WWW.americanradiohistorv.com

and may be merely switched in and
out of the circuit like a mechanical
filter.

Theory of Operation

In operation, each “half-lattice” sec-
tion of the filter will have a maximum
attenuation point (“rejection slot”) at
the frequency where the reactance of
the crystal arm is equal to that of the
capacitor arm. It will attenuate in the
region where the reactances of the
crystal and capacitor arms are most
nearly equal and will have a passband
where the reactances of the arms are
of opposite sign. This is illustrated in
Fig. 1. In practice, due to resistance in
the circuit, stray coupling, impedance
mismatch, and other factors, the at-
tenuation ws frequency curve of one
section of the filter will have the form
of the dashed curve shown in Fig. 2.

As to the bandwidth possibilities of
this type of filter, it should be noted
that the difference between the paral-
lel resonant frequency and the series
resonant frequency of the crystal and
its shunt capacitance—(f-f.) in Fig. 1
—is one limiting factor. With a given
value of crystal shunt capacitance, the
smaller this difference, the smaller will
be the possible maximum bandwidth of
the filter. Thus, we may make the
filter as narrow as we like by increas-
ing the crystal shunt capacitance, but,
with the FT-241-A crystals, we are
limited to a maximum passband width
of approximately one kilocycle at the 3

RADIO & TV NEWS
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appreciated. Irrespective of component
differences, the best mode of operation,
uzing the proper crossover frequency
point, can be established with no
trouble.

The unit is flexible in other ways too.
For example, if the speakers employed
have different voice coil impedances,
there is no problem. This does not ar-
gue that an LC network can’'t be made
to do the same job, but allows one to
ignore the question, since each speaker
may be connected directly to its appro-
priate tap on the secondary of the out-
put transformer, without the use of a
matching network.

Reduction of intermodulation distor-
tion, obtained by using the electronic
crossover with two separate amplifiers,
is also a factor to be taken into account.
However, this advantage alone would
not justify the use of the system, since
a standard system which employs a con-
ventional crossover and high-quality
amplifier would have a low figure of IM
distortion. Any decrease below this
value may never be appreciated by the
ear.

Some may state that the all-impor-
tant advantage of an electronic cross-
over is that it has no adverse effect
when used with amplifiers containing
variable damping, whereas LC cross-
overs do have such an effect. This is
an unfair comparison. If the LC cross-
over in question is of the constant re-
sistance type it will offer performance
comparable to that obtained with the
electronic crossover. The electronic
crossover will by no means obsolete
LC units.

Control Adjustments

Unless published data, curves, or rec-
ommended crossover figures are avail-
able on each speaker, the exact control
adjustments will have to be deter-
mined experimentally. A general rule
is to attempt to place the crossover
frequency control in a region where
both speakers are working with good
efficiency. In other words, the cross-
over point should be set below the in-
herent high-frequency fall off of the
woofer, and above the natural low-fre-
quency drop off area of the tweeter.
For example, let’s suppose that a low-
range speaker covers 40 to 3000 cps
while the high-frequency tweeter will
handle, say, 1500 to 17,000 cps. In this
case the crossover control would be
adjusted between 1500 and 3000 cps.
Even though the crossover point is not
critical, in practice it should probably
favor the 1500 cps end of this band,
since the tweeter offers a better dis-
persion or distribution pattern for the
higher frequencies than the woofer.
Naturally the listener wishes wide an-
gle dispersion of sound into the room,
rather than a highly directional source.

The level controls of the crossover
should be varied until each speaker
has the same relative loudness level.
Since individual power amplifiers and
speaker efficiencies may differ, these
controls would not necessarily have the
same setting for this ‘“equal loudness”
condition.
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Fig. 2. Typical frequency characteristics of filter circuits with crossovers at 800
cps. Unit diagrammed below actually switches various fixed values of capaci-
tance in order to produce crossovers at 100, 200, 400, 700, 1200. 2000, and 3500 cps.

Over-all gain is, of course, controlled
at the preamplifier. The action of the
level controls is much the same as a
balance control supplied with many
speakers. Incidentally, if your speaker
system already includes such a control,
it may be removed or kept at its full
clockwise rotation. Final and exact
positioning of level controls would un-
doubtedly be gauged by what sounds
best to the listener.

To have a thorough understanding
of how an electronic crossover op-
erates, we must consider the very
heart of the unit—the filter circuits.
Again, the function of the filter cir-
cuits is to separate the program ma-
terial into its high- and low-frequency
components. Two independent filter
networks are employed in the cross-
over’s circuitry. The high-frequency

(Continued on page 90)

Fig. 3. Complete schematic diagram of the Heath Model XO-1 electronic crossover.
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Al
Your Eggs

Basket?

By WILLIAM LEONARD

A service-industry leader questions the wisdom of

diversification. Here is one view on his stand.

N A RECENT issue of “ETAT News,”

Vern La Plante questioned the wis-

dom of urging small service dealers
to diversify their activities. In his let-
ter Mr. La Plante, who is chairman of
the Electronic Technicians Association
of Toledo, said: “In this age of spe-
cialization, it is hard to understand
why Mr. John Rider and Mr. Paul
Wendel advocate diversified service in
order for independent service shops to
survive and be able to compete with
factory and captive service.

“It is known that some small inde-
pendent service shops repair only one
or two popular makes of receivers, and
they enjoy a profitable business. Others
specialize in record changers, tape re-
corders, etc., and others in communi-
cations equipment.

“While diversified service might be
good and profitable for a large, well
equipped shop, it might well be the
death knell of the small, one- or two-
man shop.”

Mr. La Plante’s line of reasoning
about the need for specialization in the
small one- or two-man shop would be
very sound if we were operating in a
static economy. Then the small dealer
could be sure that the same brands
and the same types of products would
still be with us five or ten years from
now. But, in our dynamic economy,
the service dealer who concentrates his
attention and effort on a single type
of product or consumer service builds
his future on quicksand. He is in con-
stant danger of being submerged by
the tide of change that is part and
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parcel of the rapidly changing elec-
tronics industry.

The trend of the television service
business during the past few years
should make every small service dealer
wary of product or activity specializa-
tion. TV is a young industry. Ten
years ago everyone said it would kill
radio within a decade. Today TV is
foundering while radio is booming.

In a span of less than ten years, in-
cluding a period when its progress was
impeded by a freeze on expansion, TV
set sales have reached a point of vir-
tual market saturation. During the
past two years many well-known and
respected brand names have disap-
peared from the scene. Sets bearing
the names Crosley, Stromberg-Carlson,
Capehart-Farnsworth, CBS-Columbia
—to mention just a few—are now or-
phans that will soon be replaced by
one of the surviving brands.

During the boom days an indepen-
dent service industry that was capable
of handling the maximum work load
of servicing and installing consumer
sets came into existence. As the busi-
ness levelled off, the quality of the sets
improved. This decreased the normal
incidence of service per set and, of
course, decreased the number of serv-
ice calls per set.

Concurrently with the levelling off
of sales, TV programs started to lose
some of their appeal to the general
public. Statistics show that the time
spent by the average family in watch-
ing TV programs has dropped as much
as seventeen per-cent in some areas.
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This means less set use and a longer
time interval between service calls.

Improved sets plus a gradual falling
off of public interest in TV results in
a decrease in the over-all volume of
TV service calls. Then self-service tube
testers were installed in drug stores
and other convenient traffic locations.
That made it easy for set owners to
test their own tubes and save money
on service charges. With case histo-
ries of eight out of every ten service
jobs completed in the home by the
simple replacement of burned out or
defective tubes, the independent serv-
ice industry was highly vulnerable to
lose a portion of this easy business.

The fourth factor to thrust its way
into the consumer service market, at
the expense of the independent service
shop, is the steady expansion of fac-
tory service either through direct fac-
tory depots or the manufacturer’s
product distributors. Captive service
will deprive independent service shops
of a much larger share of the con-
sumer service business, particularly in
metropolitan areas.

Financial agencies, in their reports
to investors, take a dim view of the
prospects for consumer TV for the cur-
rent year. While they are very opti-
mistic over the prospects for the elec-
tronics industry as a whole, they feel
that consumer TV will continue to
founder until color television starts
to move.

In the light of these trends and de-
velopments, the shop that specializes
in consumer TV service is operating in
a steadily diminishing market. This
market will continue to deteriorate for
the independent shops until some new
development, such as an upsurge in
consumer interest in color TV, adds a
new impetus to the need for service.

The operator of even the smallest
type of service business should look
upon his operation as a business as
well as a technical activity. From a
business standpoint, it is not economi-
cally sound to continue to specialize
in a field that is steadily deteriorating.
On the other hand, it is unwise to take
on just anything to accomplish diversi-
fication. The servicing of automatic
appliances, for instance, requires spe-
cialized knowledge and skills. No elec-
tronic service technician or dealer
should solicit this kind of work unless
he is trained to handle it. This kind of
diversification often has been accom-
plished through the merger of elec-
tronic and appliance service shops.

In a survey conducted a couple of
years ago on supplementary activities
handled by TV service shops, the re-
turns indicated that small service deal-
ers have found more than two hun-
dred ways in which to diversify their
activities to lift some of the overhead
burden off the back of their TV serv-
icing work.

Based on a survey of community
needs in the area surrounding his shop,
one dealer revamped the front part of
his building to house a greeting card
and novelty center! Managed by his

(Continued on page 142)
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By J. E. PUGH, JR.
'I'HE current requirements as well

as the impedance levels of the

transistor and the tape recorder
are of the same order of magnitude
and, as a result, some interesting sim-
plifications in the design of a record-
ing and playback amplifier are pos-
sible.

The amplifier to be described was
designed for portable use for voice and
medium-quality music recordings with
the aim toward simplicity, versatility,
low battery drain, and small size and
weight. It was designed for use with
the Shure Model 815 combination rec-
ord and erase head, but any other
head can be used as it is a very simple
matter to adjust the bias, record, and
erase currents where the require-
menis are different.

A calibrated potentiometer at the
input permits any input signal in the
range from 1 millivolt to 3 volts to be
recorded and thus includes practically
all of the usual signal sources.

The maximum output level is ap-
proximately 100 milliwatts into a
built-in 3" PM speaker. A jack is pro-
vided so that an external 3.2-ohm
speaker can be used, and a second jack
permits  monitoring of the signal
across the recording coil.

The current drain on B, is about 45
ma. for record and erase and about .5
ma. for playback. The ‘“‘at rest” drain
on B:is 7 ma. At full ocutput it is in-
creased to about 35 ma. (on peaks) by
the class B output stage. With ordi-
nary intermittent use the balteries
should last at least 300 hours.

The entire system, including ampli-
fier, speaker, and batteries, is housed
in a “Fleximount” #29442 (4”"x5"x
6”) aluminum case and weighs 3%
Ibs. One pound of this weight is ac-
counted for by the batteries.
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Fig. 1. Front over-all view of the transis-
torized portable tape recorder amplifier.

Transistorized circuit features simplicity of design,

small size, lightweight, adequate tone for many uses.

Although the unit was designed to
be used as a recording and playback
amplifier, it makes an excellent gen-
eral purpose amplifier as is. Simply
turn it on and use it.

A shielded phono pin-jack on the
front panel is used for the signal in-
put, and a shielded 4-conductor jack is
used to connect the recording and
erase heads into the amplifier. This
second jack, J,, is indicated in the
schematic diagram by showing its ter-
minal numbers, 1 to 4, on the ends of
the recording and erase coils.

The function selector is a three-
pole, three-position rotary switch with
the three functions being “Record,”
“Playback,” and “Erase.” In the “Rec-
ord” position the input jack, Ji, is con-

Fig. 2. Bottom view
of the completed unit
with the boltom of
the aluminum case re-
moved to show the
batteries and the gen-
eral over-all layout.
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nected to the amplifier input, the erase
coil is energized by B, and the record-
ing coil is connected to the output of
the amplifier.

In the “Playback” position the input
jack is disconnected, the erase coil is
de-energized, the recording coil is
switched from the recording amplifier
output to the playback amplifier input,
and a resistive load is connected into
the output circuit of Vs to replace the
recording coil.

In the “Erase” position the record-
ing coil is disconnected, the amplifier
input is grounded, the erase coil is
once again energized, and the resis-
tive load remains in the recording am-
plifier output circuit.

The recording and erase coils are
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INPUT
MV, TO 3V.

exrze
V2 A RECORDING

LEVEL GAIN

/7,

b

COILS. SEE TEXT

Ri—50,000 ohm log taper pot (IRC PQI13.
123, “Input Level Control”)

R:—47 ohm, V5 w. res.

Rs, R:—220,000 ohm, V3 w». res.

R, Riz, Ris, R19—2200 ohm, V5 w. res.

Ri, Rto—1000 ohm, V5 w. res.

R:—10.000 ohm pot, slotted-shaft pot (“Re-
cording Level Control”)

R«—10.000 ohm pot (“Gain Control’’)

Rs. Ri:, Riv—4700 ohm, V5 ». res.

Rit—150 ohm, V3 w. res.

R:1:—18.000 ohm, V5 w». res.

Ri;—22 ohm, V5 w. res.

R1:—33,000 ohm, V3 w. res.

1=
2-
3~

_____________________ i
SI_POSITIONS Ste 3
RECORD
PLAYBACK
ERASE

NOTES: JACK J4, A 4-CONDUCTOR CONNECTOR ON FRONT PANEL,IS
CONNECTED TO TERMINALS I-4 ON THE ERASE ANO RECORD

TO
EXTERNAL
SPEAKER

B

J3
RECORDING
MONITOR

C1, C, Cy—1 ufd., 200 v. capacitor (Aecrovox
r827)

Cs, Cs, Co, Cro. C11—30 pfd., 6 v. capacitor (Ar-
gonne)

Cc—.05 ufd., 200 v. capacitor

Cs, Cs—.01 pfd., 200 v. capacitor

Ji—Phono pin-jack

J:—Two-circuit jack (Mallory “Midget” Type
A24)

Js—Open-circuit jack (Mallory “Infant” Type
A-1, “Recording Monitor™)

Ji—Miniature 4-contact female shielded chassis
connector (Amphenol 78-PCG-4 with match-
ing plug 91-MPM4L. See text)

Bt—1.5 volt battery (Type D)

B:—6 wvolt battery (four Type D cells in
series)

S1+—3-pole, 3-pos. non-shorting switch (Mal-
lory 32437 4-pole, 3-pos. unit is suitable)

S:—D.p.s.t. switch (on Rs)

Spkr.—3” PM speaker (RCA Type 231.51 or
equiv.)

Ti+—Driver trans. (Argonne AR-109)

T:~—Output trans. (Argonne AR-119)

Vi—“p.n-p” transistor (Raytheon 2N133)

V2, Vs, Vi, Vs, Ve—"p-n-p” transistor (Ray-
theon CK722)

Note: Combination ““Record-Erase” head used
by author is Shure Model 815. Sece text re-
garding substitutions.

Fig. 3. Complete schematic diagram of unit. Note the use of d.c. bias and erase for simplicity and minimum battery drain.

both contained in the same head and
are both energized with direct current.
A d.c. bias and erase was selected for
this application because of its sim-
plicity and minimum battery drain.
The very large power requirements
for a.c. erase rule out this method
for most portable applications. For
example, the Model 815 head requires
1.5 watts at 25 kc. for a tape speed of
3.75 ips, which is increased to 3.9 watts
at 50 kc. for a tape speed of 7.5 ips.
For d.c. erase only 15 milliwatts are
required.

In the case of the recording coil bias
the a.c. power requirements are not
so extreme but are still great enough
to make d.c. bias desirable for many
portable applications. For example, 35
milliwatts at 25 kc. are required for a
tape speed of 3.75 ips and 160 milli-
watts at 50 kc. for a speed of 7.5 ips.
In contrast only 20 microwatts are re-
quired to meet the manufacturer’s
specifications for d.c. bias, although a
power of 125 microwatts is used in
this system for improved performance.

The erase current is determined by
the B; voltage (1.5 volts) and R, (22
ohms) in series with the d.c. resist-
ance of the erase coil (12 ohms). At
full battery voltage this current will
be 44 ma. and will drop to 30 ma.
when the battery is down to 1 volt.
This range is sufficiently close to the
manufacturer’s recommended value of
35 ma. for good erasure.

The recommended bias current for
the recording coil is .35 ma. but much

58

better results were obtained at .85 ma.
using Reeves “Soundcraft” tape. The
value of current required depends on
both the recording head and the tape
being used, and since the level is de-
termined by the V¢ emitter current, it
can be adjusted by varying the ratio
of Ry to R This current ordinarily
will not need to be changed except
where a different model recording
head is used. Bias stabilization is used
on V. to hold the recording-coil bias
current at a constant level.

The input signal to the amplifier—
both external signal and the signal
from the recording head—is applied to
R, and R. R, is a calibrated poten-
tiometer and is used by setting it to
the point corresponding to the level of
the input voltage. When R, is set at
this point, the input to V: will be just
below the value needed to saturate V.
on both positive and negative peaks.
Fixed resistor R. is 1/1000th the value
of R, and it limits the maximum
usable signal to about 3 volts. This re-
sistor makes adjustment to the 3 volt
range easier because of the relatively
small value of resistance involved. In
addition, the use of a logarithmic ta-
per for R, minimizes the problem of
crowding at the low resistance end of
the potentiometer.

The first two amplifier stages are
used in both the recording and play-
back sections. The first, V), uses a low
noise transistor (a Raytheon 2N133
with a noise figure of 6 db) as a com-
mon emitter amplifier with a collector
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voltage of 1.5 volts at .3 ma. When
used for playback R. will be set at
the “top” position (3.0 mv.) in Fig. 3,
and at this point the input impedance
of the amplifier is 1700 ohms, which is
a good match for the 1450-ohm im-
pedance of the recording coil.

V. is RC-coupled to V., a CK722 con-
nected as a common emitter amplifier.
The load for V: consists of two 10,000
ohm potentiometers in parallel. The
first, R:, is used to adjust the signal
level to Ve, the final stage in the re-
cording amplifier section, and it will
ordinarily be adjusted to give the max-
imum undistorted recording level at
the time V. is just approaching the
saturation point. This stage (V) 1is
connected as a common-collector am-
plifier to provide a current gain and
coupling between V. and the recording
coil. The current gain of this stage is
about 23 with an input impedance of
34,000 ohms and an output impedance
of 250 ohms—both of which are satis-
factory.

The coupling capacitor C: is fairly
small (.01 pfd.) so as to reduce the
low-frequency signal level into the re-
cording coil. This is done to compen-
sate for a characteristic of the record-
ing phead that causes distortion at a
lower current at low frequencies than
at the highs.

R,: is used as a load for Ve to re-
place the recording coil during play-
back as otherwise the input circuit of
V. will cause a change in the frequen-
cy characteristics of the playback am-
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plifier—the degree of change depend-
ing on the setting of R:. The RC
network consisting of Cs, Ci, R, and
R, is used as a decoupling filter to
prevent a low-frequency oscillation
during playback.

When using a microphone for re-
cording it may be necessary to reduce
the speaker output to the point of be-
ing almost inaudible to prevent acous-
tical feedback, and occasionally it is
desirable to make a check on the qual-
ity of the signal at the recording coil.
For these reasons jack J. is provided
so that a pair of high-impedance head-
phones can be used for listening.

The driver and output stages (Vs
V. and V.) are conventional in most
respects. Resistors R. and R.; are used
for bias stabilization and R serves
the additional function of negative
feedback resistor. When the feedback
network was added, a 100 kc. oscilla-
tion of fairly high level occurred in
the driver and output stages. Placing
Cs across the primary of T. stopped
this oscillation and since it is small
(.05 pfd.), it causes no noticeable
change in the tonal quality of the
playback amplifier.

The speaker is a good quality 3" unit
that uses a 1.47-oz. magnet. A speaker
using a smaller magnet can be used
but ordinarily such a unit will be hard-
er to drive.

Construction

The construction of this amplifier is
based on turret-type terminal lugs
mounted on a suitable insulator base.
This type of construction has most of
the advantages of printed circuits and,
in addition. has a few of its own. For
example, the printed circuit method
permits only two conductor planes, the
two surfaces of the insulator base,
while this method permits several
planes as can be seen in Fig. 4. Also
the expense, effort, and construction
time arec all less for the turret-lug
method, and while a well constructed
printed circuit board probably has a
neater appearance than any other type
of construction, the facilities for such
excellence in construction are usually
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Fig. 4. Top view of completely assembled terminal board.

not available to most experimenters. On
the other hand, it is possible to obtain
excellent results with turret terminals
using only a hacksaw, file, and hand
drill.

Several types of inexpensive turret
terminal lugs are available from New-
ark Electric Company, Chicago, and
The Radio Shack, Boston, but only one
type, the USECO 1300T (see Fig. 4),
was used for this project. It is a
double turret type with a 4-40 thread-
ed portion on one end for mounting
purposes. The mounting hole is made
with a #33 drill—or %" if fractional
size drills are used.

Although any 4-40 nut can be used
for fastening the lugs, the most com-
pact arrangement is obtained by using
nuts that are ¢’ across the flats.
These nuts will permit a minimum
spacing of %" between terminal cen-
ters, and they are available in the
Walsco package of 4-40 steel hex nuts
(Item #8804-N). Where feedthrough
to the lower side of the panel is re-
quired, a solder lug is placed under
the nut (see Fig. 5). If available, use
#4 solder lugs—otherwise #6 lugs can
be used but will need to be trimmed
with diagonal cutters in cases where
the spacing between terminals is too
close.

For a low-frequency, low-voltage ap-
plication, such as this amplifier, the
insulator boards can be almost any in-
sulation material with a moderate
strength, a high softening point, and a
maximum thickness of %”. Bakelite
will be satisfactory and Masonite can
be used with care. Polystyrene and
Lucite have such low melting points
that they are not recommended for
this project.

Two such boards will be needed—
one for mounting the terminal lugs
and the other for mounting the bat-
teries. They should be cut about %"
smaller than the inside dimensions of
the case to allow wires to the bat-
teries and speaker to pass between.

No attempt was made to obtain the
extreme in miniaturization as can be
seen from the layout in Figs. 4 and 5.
By using all miniature parts, includ-
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ing batteries and speaker, and by
crowding the components the case size
probably can be reduced by about half.
However, any reduction in battery size
should be weighed carefully as the
erase coil and the output stage (on
peaks) both have fairly large current
needs and will reduce hattery economy
considerably if low capacity batteries
are used.

The layout shown in Figs. 4 and 5
was planned for simplicity and neat-
ness and to give a minimum of long
wires and crossover points. None of
the dimensions is critical although
the spacing between the closest lugs
(transistor terminals) must be great
enough to allow the hex nuts to be
tightened.

The "“Recording Level Control,” R:,
is of the slotted type />r screwdriver
adjustment. It is mounted on the ter-
minal board and is adjusted through a
small hole in the front panel since it
ordinarily will not he touched once it
is adjusted.

The speaker grille is made in the
aluminum case by drilling a series of
12" holes over the area in front of the
speaker cone. A neat arrangement
can be obtained by making four rows,
spaced 45°, across the diameter of the
cone. An in-row spacing of 34§” be-
tween holes will be sufficient to allow
adequate passage of sound.

After all parts, except transistors,
are wired to the terminal board and to
the front panel of the case, the inter-
connecting wires should be added.
These wires should be soldered to the
terminal board first (sec Fig. 4) and
then to the parts mounted on the case,
with the exception of the wire to the
terminal in the lower right corner of
Fig. 4. This wire is connacted to the
sliding contact on R. first and then to
this terminal.

After the interconnecting wires have
been soldered to the terminal board,
the transistors can be soldered in
place. First melt a small amount of
solder on the head of each of the lugs
to which the transistor leads will be
connected. Then cut the leads to a

(Continued on page 88)

Fig. 5. Bottom view of board shows mounting of capacitors.
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By BERT WHYTE

England. A number of readers there were

kin? enough to write me about the recent
London Audio Fair and they enclosed a pam-
phlet with a most sensational message. In big
bold type the title of this pamphlet was “Con-
noisseur introduces Stereophonic Sound on
Disc”! Yessir, it’s true! This is the first break-
through in the long-anticipated monogroove
stereo disc. The pamphlet went on to give
a brief description of the system. Basically
it is the old Western Electric deal of simul-
taneous lateral and vertical recording, but pre-
sumably with the “bugs” that beset that sys-
tem all ironed out.

Does it really work? From the enthusiastic
comments in the letters I have received, it
would appear that it most assuredly does and,
in fact. 4. R. Sugden, manufacturer of the
Connoisseur line of turntables who is fostering
this project, is far enough advanced so that
the special cutter which is necessary is being
offered for sale to interested record companies
and the necessary special pickup cartridge has
been announced even to the point of a pro-
visional price of approximately $48.00! I in-
tend to bring you a complete report on this
sensational development, after I have man-
aged to get more direct news about the sys-
tem, right from the “horse’s mouth” in
England.

To say that this is upsetting the apple-cart
of the record companies is putting it mildly,
as rather obviously the first company that can
get these new recordings into the field will
have a wonderful sales tool and talking point.
Actually, the appearance of this system will
probably add stimulus to the stereophonic disc
research which has been going on in this coun-
try for some time. There is nothing like a
little competition to keep the pot boiling!

More logically, it would appear that several
organizations would abandon a certain ap-
proach to the problem of the stereo disc and
concentrate on either adopting the new sys-
tem or pursuing the same line of reasoning.
You can be sure that even if this report from
England is highly colored and overenthusias-
tic, no one is going to take the chance of let-
ting a competitor get a jump on what would
most certainly be another vast new source of
record revenue. The important thing is that
the monogroove stereophonic disc has reached
the point where it is “off the ground.” As
soon as I get the dope from England, I’ll pass
it on to you.

THE really big news this month comes from

BORODIN

SYMPHONY #1 IN E FLAT
RIMSKY-KORSAKOV

CAPRICCIO ESPAGNOL
Philharmonia Orchestra conducted by
Alceo Galliera. Angel 35346. RIAA
curve. Price $3.48 standard pack.

Borodin is best known for his popular “2nd
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Symphony,” but quite obviously he also wrote
a first symphony. Angel has resurrected it from
oblivion and a listen to it confirms the wisdom
of this judgement. There is nothing really
earth-shaking in it, but it is an exciting piece,
full of Borodin’s typically incandescent scor-
ing, with a full measure of his beloved quasi-
oriental effects. In these days when so much
Russian repertoire is subjected to seemingly
endless duplication, this interesting new facet
of Borodin makes for a refreshing change. And
if duplication we must have, then the “Capric-
cio Espagnol” on the reverse of this disc is

an example of how it should be done. This

is really a first rate performance, the orchestra
plays with fine precision and high spirit, and
the recorded sound is live and brilliant, quite
possibly the most spectacular sound to be
found on any Amngel disc. Highly recom-
mended.

STRAUSS, RICHARD
BURLESKE FOR PIANO AND
ORCHESTRA
FRANCAIX, JEAN
CONCERTINO FOR PIANO AND

ORCHESTRA
HONEGGER
CONCERTINO FOR PIANO AND
ORCHESTRA
Margrit Weber, pianist, with Berlin

Radio Symphony Orchestra conducted
by Ferenc Fricsay. Decca D1.9900. RIAA
curve. Price $3.98.

This is a perfectly delightful recording of
some of the most scintillating, light weight,
“modern” music for piano and orchestra. The
two concertinos are typical of the “avant-
gar.2” French composer of the early 1920’
and 1930°s. The music is very gay and witty,
quite saucy and impertinent in its brash aton-
ality and dissonance. It is also easy to dis-
cern that both Francaix and Honegger were
concerned with American jazz and employed
derivative variations of it in their scores. The
Strauss “Burleske” is a product of his early
vouth and although a very lightweight and
ebullient score, there is more than a hint that
he was to become one of the supreme masters
of orchestration.

Margrit Weber is whoily convincing in her
performance, maintaining a light airy touch
appropriate to the scores. Ferenc Fricsay is an
ideal conductor for this type of repertoire and
his support of Miss Weber is most exemplary.
The engineers have contributed an excellent
balance between piano and orchestra and have
endowed the disc with a bright, clean piano
sound augmented by generally good orchestral
sound in the large acoustic perspective they
favor. The tympani in the “Burleske” lack

The opinions expressed in this column are
those of the reviewer and do not necessarily re-
ilect the views or opinions of the editors or the
publishers of this magazine.
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the articulation and projection they should
have, but this is a minor point. For those of an
inquiring mind this disc should prove to be a
stimulating experience.

HOUSE OF THE LORD
The Roger Wagner Chorale. Capitol
P8365. RIAA curve. Price $3.98.

Most religious music on LP records has been
performed either by tasteless hillbillies or
smue, saccharine-voiced revival singers. No
doubt many people who have wanted honest
renditions of popular hymns and other reli-
gious works have been repelled by these ver-
sions and have dispaired of ever finding some-
thing suitable. Well, they need not look any
further than this disc. This is a collection of
well-known religious works representing sev-
eral variations of the Christian and Jewish
faiths. Included are such staples as “The
Lord’s Prayer,” “A Mighty Fortress Is Our
God,” “Ave Maria,” “Kol Nidrei,” “Oh God,
Our Help In Ages Past.” “Panis Angelicus,”
and others.

They are stunningly performed by the su-
perb Roger Wagner Chorale, whose faultless
articulation, precision of ensemble, and massed
tonal beauty imbue these works with new
interest and vitality. The sound is simply
splendiferous . . . a warm, ultra-sonorous
vocal blend, astonishingly “live” in the spa-
cious acoustics.

TCHAIKOVSKY
SYMPHONY #1 (WINTER
DREAMS)
Vienna Philharmusica Orchestra con-
ducted by Hans Swarowsky. Urania

8008. RIAA curve. Price $3.98.

Here is one of the first fruits of the newly
re-vitalized Urania Records. This company,
which built up a large and impressive cata-
logue in the early days of LP, has been out
of production for some time. The astute Hal
Neely of American Sound Corp. bought the
company and set about rectifying some of the
errors that had been committed and in ruth-
lessly culling the catalogue of all dead wood.
The remaining recordings have all been re-
mastered employing the latest techniques of
cutting and now all Uraenia records conform
to the RIAA curve. Much new material has
been recorded and, in general, the company
is now back on a solid footing.

This is the fifth recording of this rarely
heard “1st Symphony” of Tchaikovsky and,
everything considered, it is about the most
satisfactory. Swarowsky is no Beecham in this
repertoire, but his reading is honest and forth-
right and he commits no unpardonable sins.
The music itself deserves more consideration
in the concert hall, being a spritely interest-
ing score that contains much material which
is a forerunner of the great 4th, Sth, and éth
symphonies. Soundwise this is a generally
clean recording with excellent balance and
spacious acoustics. One might quibble about
a degree of wiriness in the string reproduction,
although it is easily corrected with bass and
treble tone controls. If you are not familiar
with this music and you like Tchaikovsky,
this should afford a welcome change from the
over-ridden warhorses.

HI-FI HI-JINKS WITH STRAUSS
Vienna State Opera Orchestra conducted
by Anton Paulik. Vanguard SRV-104.
RIAA curve. Price $1.98.

This is another terrific demonstration rec-
ord buy from Vanguard, featuring their re-
nowned interpreter of the music of the
Strausses, Anton Paulik. It would be hard to
imagine anything more appropriate for lazy
summer listening, than this gay and sparkling
music so wonderfully evocative of the Vienna
of yesteryear. A potpourri of works by Johann

(Continued on page 91)
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facturers of radios and TV sets,

Packard-Bell, has joined the grow-
ing ranks of color-receiver producers
with a line of four cabinet styles, each
using the same chassis and 21-inch color
picture tube. While not in the lowest
price range, all four models are com-
petitively priced. The mahogany table
model with legs has a list price of $595
and the blonde oak version lists at
$625. Consoles range from $695 for
the mahogany to $725 for the colonial
maple finish. Since Packard-Bell
stresses quality cabinet work and pro-
duces most of its own cabinets, the
various list prices reflect mainly the
difference in wood crafting and finish-
ing. The sound system of the table
models has a single, side-mounted
6” x 9” oval speaker, while the two con-
sole models use two 6”x9” speakers
mounted side by side on the conven-
tional front baffle board. Aside from
this, all four models are identical in
circuitry, construction, and adjust-
ments.

ONE OF the oldest west-coast manu-

Controls

Only two dual controls are available
for normal manipulation by the set
owner, and these can be seen from the
illustrations. At the upper left is the
“on-off,” volume, and brightness con-
trol, while the channel selector and
fine tuning are at the upper right. Just
below the screen, a hinged subpanel
gives access to six more controls which
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WALTER H. E

4 BUCHSBAUM ]
Television Consultant, [!'
RADIO & TV NEWS u

Three of the four available Packard-
Bell cabinet styles are shown here.

Four models, all using the same basic deluxe

chassis, feature simplified consumer controls.

the customer can adjust if necessary.
These are the horizontal and vertical
holds, contrast, tone, and the hue and
color gain controls. In the manufac-
turer’s instructions to the set owner, it
is anticipated that, once the controls
under the subpanel are set, they are
not likely to require adjustment for
long periods of time. Because of the
various automatic control circuits used
in the chassis, some of the color ad-
justments, such as background, gray
balance, and color balance, may indeed
be rarely used.

The full array of conventional color
adjustments for installation and scrv-
icing by qualified technicians is avail-
able, but the customer would have to
remove the back cover and the sub-
panel in order to get at the secondary
controls. Adjustment of all these con-
trols must be made very carefully and
with reference to the manufacturer’s
instructions. The service technician
will check these settings under all sig-
nal conditions encountered in the par-
ticular installation because the various
automatic circuits can only function
properly when carefully adjusted.
Especially sensitive are the noise
threshold controls, the a.g.c. threshold,
automatic color-gain controls, and the
color-killer threshold setting.

Construction

The Packard-Bell models 21CT-1 and
21CC-1 both use the same type 98C-1
chassis, which is a single pan mounted
horizontally below the picture tube.
About 60% of the circuitry is in the
form of printed wiring, divided into
five separate sub-assemblies. An addi-
tional sub-assembly contains the color-
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demodulator section, and that is wired
in the conventional manner. In these
sets, the picture tube assembly is
mounted to the cabinet and not to the
chassis. To change the picture tube,
the entire chassis as well as the tuner
must be removed first. The tuner and
a bracket containing the “on-off,” vol-
ume, and contrast controls are mount-
ed separately in their respective upper
corners of the cabinet and are con-
nected by cables to the main chassis.
The tuner used is a Standard Coil
“Neutrode” turret tuner, which fea-
tures good noise figure and can be
adapted for u.h.f. reception by the in-
sertion of the proper coil boards. The
power supply has a transformer and
two 5U4 rectifiers followed by a two-
section pi filter. Two separate fuses
protect the “B+.” A total of 29 tubes
plus the picture tube is used as com-
pared to 26 or fewer in some sets.
The circuitry and operational fea-
tures of the new Packard-Bell color
sets are in many respects similar to
other sets previously described in this
magazine, but there have been some
significant changes. In general these
novel circuits are intended to insure
better performance rather than a sav-
ing in cost. Like most manufacturers,
Packard-Bell is more concerned with
producing a quality color set which
will require a minimum of servicing
rather than bringing the price down.

Service Policy

At least for the beginning of the
color TV era, Packard-Bell offers a
factory service contract, factory branch
installation, and separate servicing

(Continued on page 137)
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Knowing what features you need is as important

as knowing what the available instruments offer.

HE question of what type of color
Tgenerator to purchase is uppermost

in the minds of many forward-
thinking service managers and inde-
pendent service operators who realize
that, within a few short years, color
receivers may well rival the number of
monochrome receivers now in use. As
with other test equipment, a color gen-
erator must be able to “pay its own
way” if it is to justify its cost. As an
aid in resolving whether your particu-
lar operation requires the addition of
a color-bar generator, ask yourself the
following questions regarding such a
prospective purchase:

Is there a definite need for this
equipment in my operation? Will the
equipment be used in the shop or must
it be portable enough to take on a
home service call? Is the equipment’s
cost within my price range and, if so,
how long before it will pay for itself?
Will the addition of the equipment per-
mit servicing color receivers with
greater ease and saving of time than
is possible with equipment now on
hand?

Is there any reason to believe that
this equipment will be obsolete within
the next eighteen to twenty-four
months? Will this equipment perform
just one operation, or is it versatile in
that it can be used on several basic
operations? Are the function controls
clearly marked and intelligently
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grouped for ease of operation? Does
the equipment have a professional ap-
pearance since many of my customers
will see it? Does it have all the neces-
sary functions required for the com-
plete job? Are the primary frequency
determinants of the generator crystal
controlled?

The answers to the first four ques-
tions will be determined primarily by
the type and scope of the individual
service operation. These four, and
some of the others that follow, will
also be influenced by such factors as
the facilities provided by equipment
already in the possession of the oper-
ator. For example, the fact that he
already owns a generator providing
either a white-dot or cross-hatch pat-
tern, or both, may influence his choice,
as would prior possession of facilities
for supplying certain reliable frequen-
cy standards which may already be in-
corporated in other instruments.

To assist the technician in arriving
at answers that will help him, the tab-
ulation of characteristics of color gen-
erators available for service applica-
tions has been included in Table 1.
Information appearing on this chart
has been compiled from manufacturers’
literature. Note that the presence or
absence of certain features should not
be taken to mean that one instrument
is necessarily better than another, for
a particular shop’s needs. The factors
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just noted, as well as others to be dis-
cussed, must be given due weight.

Let us now examine some points in
detail :

Price: The price of test equipment is
important to the service operator be-
cause it will partly determine whether
this equipment is a profitable invest-
ment. It should be remembered that
test equipment must eventually be ‘“‘re-
sold” to the customer so that, after
the equipment has been in use for a
given period of time, the equipment
has not only paid for itself but its fur-
ther use results in a new profit for the
organization. The purchase price of
new equipment should be pro-rated on
cost-per-call basis so as to amortize
the cost of the equipment within a
reasonable period of time.

Size, weight: This information will
give some indication as to the portabil-
ity of the equipment, or whether it is
feasible to use this equipment for cus-
tomer service calls as well as in the
shop.

NTSC transmission levels: Inclusion
of this feature insures that the specific
color generator will produce a stand-
ard NTSC compatible signal, which
means that the signal produced is
usable for servicing both monochrome
and color television receivers. This fea-
ture makes the generator equivalent
to both a monochrome and color trans-
mitting station. It is a primary requi-
site that assures accurate signals for
alignment of chroma circuitry and is
a safeguard against equipment obso-
lescence. Although receiver design may
change, standards for the signal have
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been fixed by the FCC. When the sig-
nal from this type of generator is used
to align critical chroma circuitry, cor-
rect hue and saturation levels when
any receiver is tuned to a color tele-
cast will thus be assured.

Availability of convergence signal:
This is a feature which adds to the
versatility of the unit. Some equip-
ments offer only a rainbow or color
pattern of some type; a unit that also
provides convergence signals will be
more flexible in that it can be used
either for alignment or installation
and will insure a quicker return for
dollars invested. This will be especial-
ly important where some other means
{for obtaining a convergence signal is
not already on hand.

Number of crystals: The basic func-
tion of crystals as used in electronic
devices is to assure minimum possible
frequency error. Generally the number
of crystals used in the unit will give an
indication of how reliable, stable, and
accurate the various output frequen-
cies of the unit will be, just as the
number of jewels in a watch gives an
indication of its accuracy.

Sound carrvier: 1t is essential that
the various signal carriers be properly
located on the response curves prior to
attempting alignment of chroma cir-
cuits. The sound-carrier feature of the
equipment should be used in the fol-
lowing manner: The color receiver
fine-tuning control should be tuned ac-
curately to eliminate the nominal 900
kc. beat pattern resulting from the

heterodyning of the sound carrier and
the chroma information; when this is
done there is positive assurance that
the tuner is adjusted to the correct
point so as to position the picture car-
rier and color subcarrier. If this is not
done properly, the chroma presenta-
tion appearing at the demodulators
will be changed entirely. A color set
improperly aligned in this respect will
reproduce incorrect hue and saturation
levels when tuned to a standard color-
broadcast signal.

Crystal control of r.f. carrier versus
variable channel operation: Crystal
control of the r.f. carrier simply im-
plies that the primary frequency de-
terminant of the r.f. oscillator is a
crystal cut to a specific frequency. An-
other channel can be selected on this
type of equipment only by inserting a
new crystal cut to a different channel
frequency. By contrast, the variable-
channel-operation type of generator
may be switched to another channel
merely by turning a switch to a new
position. The tuned circuits of this
type are usually of the “lumped-con-
stant’” variety. Therefore, the variable-
channel type sacrifices some accuracy
and stability to present to the operator
a greater range of channels on which
to select the output. While the crys-
tal-controlled variety offers output on
only one channel, it has the advan-
tages of accurate and stable frequency
determination. However, most manu-
facturers of crystal-controlled instru-
ments offer a choice of several crystals.

Variable phase and amplitude of
video: Generators incorporating this
feature provide both positive- and neg-
ative-polarity video output (sync posi-
tive or sync negative). This feature
again increases the versatility of the
unit in that video signals of the cor-
rect phase and amplitude can be in-
jected into the receiver at several
points, such as the detector or video-
amplifier stages, which require differ-
ent polarity signals for correct opera-
tion. This feature becomes an invalu-
able time saver when attempting to
isolate a defective stage by a signal-
tracing method.

G-Y signal at 90°: This signal pro-
vides a convenient means for checking
the alignment and operation of a G-Y
demodulator stage; for, if this signal is
injected into the G-Y demodulator, it
should produce a null or zero output
for that stage, provided that the G-Y
phase-shift coil and associated cir-
cuitry are aligned and performing cor-
rectly. This feature will find greater
utility in later production color re-
ceivers, many of which incorporate the
G-Y demodulator.

Separate R-Y, B-Y, I, and @ signals,
available separately: These facilities
provide a positive check on the opera-
tion of the various demodulators used
in color receivers. For example, if the
R-Y—B-Y demodulation axis is em-
ployed, it is a relatively simple matter
to check the opzration and alignment
of each demodulator by injecting the

(Continued on page 138)

Table 1. Currently available color-pattern generators designed for service use. with performance features and prices.

NTSC Num- Crystal Yariabl N M Vel
MANUFACTURER l Price Size Welghl' Trans- Cogg;if::e I:'er:l Sound C;ﬁgl va:l:::le Plalgs_ae; (i'lY ra?epal ‘Sﬁbﬁs(:amer’&gnal Blower Regl:laagl:d
eab | o T e oty T R G ) O, Sl o e
GENERAL
ELECTRIC ST-16A|$895.00] 9x191/4x13 40 | Yes Dots, 4 |Yes| Yes| No | Yes No | Yes| Yes | Yes| Yes| Yes
Cross-hatch l
HICKOK 655XC | 485.00 163/;x183/8x.71/2‘ 34 | Yesl None Yes| No ‘ Yes | Yes No | Yes| Yes | Yes| No | No
HICKOK 656XC | 495.00 164x18%x7; | 42 | Yes Dots, Cross- | 3 | Yes No Yes Yes No Yes Yes | Yes No Yes
‘ hatch,V.Bars, | |
‘| l | H. Bars | ‘ | | ‘
| | — ) \ t [ | 1 | — e
HICKOK 660 239.50| 101/4x1014x5Y, | 15 | No : Dots, Cross- | . \ ‘
i | ‘ hatch 2 |No No | Yes | Yes No No No No | No | Yes
HYCON 616 485.00 8l/,x11x103/ , 26 | Yes Dots, Cross- L \ |
hatch,V.Bars,
‘ \ | H. Bars ‘ 4 | Yes Yes No | Yes ]Yes Yes| No Yes Yes‘ No
JACKSON 700 295.001[ 614,x91,x10Y, 30 | Yes\ None \ 2 | Yes N Yes \ Yes ' No | Yes No | Yes| No i No
i H {— T — | ——|— i 1
JACKSON 712 | 395.00 61/,x914x1014 | 32 Yes Dots, |
‘ | Cross-hatch | 2 | Yes No | Yes | Yes No Yes Yes  Yes/ No | No
| | —— _—)— i | |
PHILCO 7100 | 269.50 1334x1114x934 18  No ‘ Dots, Cross- | 4 | Yes Yes‘ No | Yes No | No | No Yesl No | Yes
[ ‘hatch V. Bars‘ | | |
PRECISION E-440 225.00) 1114x13x65%5 | 19 No | None ‘ 4 }Yes‘ Yes No | Yes No iNo ‘ No No |No No
o - | | ||
RCA WR-61A | 247.50) 934x1314x7l;, | 17 | No ‘ None : 4 |Yes| Yes No Yes No No No |No No | | No
TELONIC CB-2  375.00 10x12s9 | 25 Yes Nome | 2 |Yes No Yes Yes No Yes No  No No Yes
S E— | | | JE DU, .
TRIPLETT 3438 229.50 61/4x11‘/6zx15”/31 16 No ' Dots, Cross- | | |
i 'hatch,V.Bars,| d ‘ |
} H. Bars 2 |No |No | Yes | Yes ‘ No \No | No No No | No
—_ 1 JE— —_—
TRIPLETT 3439 249. 50 61/4x11‘/azx15‘%1 16 | No ‘ None 2 | Yes| Yes No 1 Yes ‘ 'No | No \ No | No ‘ No No
WINSTON 150 49.95_ 4x5x7 l \ No None | 0 |No | No l\ Yes | No ' No \No | Yes No l No ‘ No
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Y MEANS of a Fourier analysis it
B is possible to show that an “ideal”

square wave, Fig. 1 (Curve 1) con-
sists of a fundamental (Curve 2) sine
wave whose frequency is equal to that
of the square wave, together with the
3rd (Curve 3), 5th, Tth, 9th, and high-
er odd harmonies, the amplitude of
each decreasing in direct proportion
to its order. Theoretically, a perfect
square wave consists of a fundamental
together with an infinite number of
higher odd-harmonic signals.

If such a square-wave signal is ap-
plied to the input of an electrical cir-
cuit, whether a filter network, ampli-
fier, or other system, and the system
does not respond equally well to the
fundamental and all higher harmonics,
then the output signal obtained will
be distorted in a fashion indicative of
the response characteristics of the sys-
tem under test. This is the basis of
the square-wave test technique.

Since not only the fundamental, but
all higher harmonics are applied simul-
taneously, and an indication of the
system’s response to this wide range
of signals is obtained at once, square-
wave testing provides an extremely
rapid method for checking such net-
work characteristics as frequency re-
sponse, phase shift, transient response,
etc. Because of the speed with which
the square-wave test technique can be
applied and information obtained, this
method becomes quite valuable not
only as an aid in the production test-
ing and servicing of electronic equip-
ment, but can be applied with equal,
if not greater, value to the require-
ments of the practical design engineer.

In the past, the technique of square-
wave testing has been confined largely
to testing high-fidelity audio ampli-
fiers and wide-band amplifiers with a
bandwidth of perhaps several hun-
dred kilocycles or 1 megacycle. With
wide-band oscilloscopes now commer-
clally available at prices within the
reach of even the moderate sized ex-
perimental laboratory, and with
square-wave generators on the market
delivering square. waves with fast
rise times to frequencies as high as 1
megacycle, this valuable and easily ap-
plied technique can be applied to a very
much greater extent. It may be used
for checking not only audio amplifiers,
transformers, and similar systems, but
also for the check and design of wide-
band scope and radar amplifiers, video
amplifiers, and similar wide-frequency-
range networks.

Since the techniques of square-wave
testing and analysis can be applied in
the same fa<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>