 MONITOR YOUR TONE
AND FREQUENCY

MAINTAIN AND REPAIR
YOUR OWN SCOPE

| SERVICING
~ COMMUNICATION RECEIVERS
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Mr. Service Dealer: TECHNICAL DATA

: ““vmc"
_Pruoesd
- |

Helps you to maintain a

profitable, INDEPENDENT position | reswc sere — s e oo

Book; Semiconductor Products Books; Picture
Tube Books

in the Servicing Industry

Raytheon makes available to you all the
Technical Data, Shop Helps, Signs, Sales
Builders, and Advertising Aids you need for a
successful TV-Radio Service operation. This,
plus a most complete line of finest quality TV
and Radio Tubes, makes Raytheon first choice
of Independent Service Dealers.

P 1958 Edition of the Raytheon Receiv-
RS W | ing Tube Data book. 1000 types — 600
NE individual basing diagrams — all you
need to know about Receiving Tubes. GUARANTEED
TELEVISION

and RADIO
SERVICE

(@AY THEON

e USRI T uib0w 1nD 400 Y

DISPLAYS SHOP AIDS

7o, TV-Rudio TUBES

'\.. . 4 J
S et GAYTHEOW 1ent b i

Signs — Indoor, outdoor, illuminated, metal,
thermometers, “Will Return™ Signs, clocks.

ADVERTISING HELPS

£

Ph

CHARGES A
=S ——] - Shop Aids — Uniforms, Tube Carrying
%' = Cases, Triplicate Invoice Sets and PocketCases,
e et . Job Repair Tags, Clocks, Tape and Dispensers,

Stationery, Matches, labels and Holders,
Rubber Stamps and Pads, Drop Cloths, TV

Displays — Co.unter, Window, Transparent Screen Polishing Cloths, Tube Shelf labels,
Banners, and Window Streamers, Decals. Phone Call Registers

All these profit building items are available through 1-:.—\_\

your Raytheon Tube Distributor. Ask him for a free

" YOUR PHONE NUMBER - NAME AHD AODRESS

copy of Raytheon Business Builders booklet that de- 8 ::::: Advertising Helps — Advertising Mats and
b . " ! Post Card Mailers — Television and Radio
REVRE Rig,, scribes them in detail. Spots, Dummy Tube Cartons, Door Knob

== (d , L Hangers.

RAYTHEON MANUFACTURING COMPANY

Receiving and Cathode Ray Tube Operations

NEWTON 58, MASS. CHICAGO, ILL. ATLANTA 6, GA.  LOS ANGELES 7, CALIF.
55 Chapel Street 9501 Grand Ave. (Franklin Park) 1150 Zonolite Rd. N.E. 2419 So. Grand Ave.

all these Semiconductor Diodes and Transistors, Nucleonic Tubes, Microwave Tubes. Excellence irv Eleclionics

Raytheon makes ; Receiving and Picture Tubes, Reliable Subminiature and Miniature Tubes,

WwWww americanradiohistorv com
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YOU BUILD | YOU BUILD ;
Broadcasting { Signal .
Transmitter Generator

As part of N.R.I. Communi- )
i s : : N.R.1L sends kits of parts %
cations Course vou build this ‘ to build this Signal Gen-

low power Transmitter; use
it to learn methods required erator. You get practical
experience. conduct lests to

of commercial broadcasting L
operators, train compensate Radio {requency amphﬁets

fox' FCC l pxactlce aligning a typical L.F. video ampli-
TR I fier in TV circuit, manv other experiments.

| YOU BUILD AC-DC
| Superhet Receiver |

p s e W

A
|
I
|
I
|
I
|
I
I
|
|
|
|
|
|
|
|
|

— —— e o — t— — —

I-—,..—_.—

YOU BUILD Vacuum |
| Tube Voltmeter

I N.R.I. servicing training
supplies all parts, every-
thing is yours to keep.

I Nothing takes the place

of practical experience.

You get actual servicing |

experience by practicing B

with this modern receiver; h

you learn-by-doing.

I Use it to get practical experience, earn
I extra cash fixing neighbors’ sets in spare
time, gain knowledge to heIp vou work
l i Radio, Television. Color TV. With
I N.R.L trainh;Y vou work on circuits
I
|

common to both Padio and TV. Equip-
ment vou build * )xmg\ to life" things
you learn in N.R.1.s ecasv-to-under-
stand lessons. 64 page Catalog FREE,
shows all equ‘pmont you get.

by

S Mt — R —— U Aarrs e W

Chief Engineer

“T am Chief Engineer
of Station KGCU in
Mandan, N. D. 1 also
have my own spare time
business servicing high
frequency two-way com-
munications systems.”

Fast Growing Field Offers Good Pay, Bright Future

: Today’s OPPORTUNITY field is Radio-Televi-  and can do. So plan now to get into Radio-TV.
sion. Over 125 million home Radios plus 30 Keep vour job while training with N.R.I. You
million sets in cars and 40,000,000 Television learn at home in your spare time. N.R.I. is
sets mean big money for trained Radio-TV  oldest and largest home study Radio-TV School.
Technicians. More than 4,000 Radio and TV~ Our methods have proved successful for more
R. BARNETT, Bis- Broadcasting stations offer interesting and im-  than 40 years, provide practical experience.
marck. North Dakota. portant positions for technicians, operators. Soon after enrolling, many N.R.I.students start
Paid for Color television. portable TV sets, Hi-Fi, other  to earn $10, $15 a week extra in spare time
Lol developments assure futurs growth. fixing sets. Many open their own full time
It’s the trained man who gets ahead. The fellow  Radio-TV shops after getting N.R.I. Diploma.
who uses his spare time to develop knowledge and  Find out more. Mail Coupon. Cost is low, terms
skill gets the better job, drives a better car, lives  easv; includes all equipment. Address: Nationa]
in a better home, is respected for what he knows  Radio Institute, Dept. 8CE, Washington 16, D. C.

Instruments

“T am doing very well
in spare time TV and
Radio. Sometimes have
three TV jobs waiting
and also fix car Radios
for garages. [ paid for
instruments out of earn- 4 .
ings.” G. I". SEAMAN, : : ; .
New York, N. Y. -

5 i
Has Own - (Ind CA‘EAL@G C w
TV Business | ; Ea ob and Lar

“We have an appliance
store with our Radio
and TV servicing, and

get TV repairs. During J
my Army service, NRI ey

training helped get me
a top rated job.” W. M.

NATIONAL RADIO INSTITUTE

Dept. 8CE, Washington 16, D. C,
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"ACCREDITED MEMBER, NATIONAL HOME STUDY COUNCI_[J

RADIO & TV NEWS ix pul)hshe(i monthly by Ziff-Davis Publishing Company, William B. Ziff, Chairman of the Board (1946-1853), at 64 E, Lake Qtrect Chi("l;{o 1, Iil. Entered

as second-class matter Ju 1948, at the Post Office, Chicago. Ill.. under the act of March 3, 1879. Autharized by Post Office Department, Ottawa, Canada, as second-class
mutter. SUBSCRIPTION RATES: one ycar U. S, and po«esswns and Canada  $4.00; Pan American Union Countries $4.50; all other forcign countries, $5.00.
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No Advanced
Education
Required

NO PREVIOUS TECHNICAL EXPERIENCE NEEDED

Men from practically every walk of life have won better jobs or businesses
of their own through DeVry Tech’s program. Many of these men, like
thousands of others, had no previous technical experience. They pre-
pared either in our well-equipped Toronto or Chicago laboratories,

or at home in their spare time without interfering with their
regular jobs.

opportunities DeVry Tech’s program will

fit you for: o

Communications o Television ¢ Radio
Guided Missile Control ¢ Computers o
Radar e Micro-Waves e Instrumentation

e  Automation Electronics

Sample Bookiet FREE!

We'll give you o free copy of an interesting booklet, "‘Elec-
tronics and YOU.” See for yourself how you may take
advantage of the opportunities in this growing field.

The "Electronic Age” is here! Opportunities for
men 17 to 55 are great! Fill in coupon below
for FREE details! Act now!

LIVE-WIRE EMPLOYMENT SERVICE
DeVry Tech’s Placement Department is in contact with. some of the best-
known employers in tha Electronics field. The service is free to all
graduates—and DeVry Tech’s record in helping to glace men has been
outstanding.

DRAFT AGE? We have valuable information for every man
of draft age; so if you are sub|ect to military service, be sure to check
the coupon.

MAIL COUPON TODAY!

DeVry Technical Institute
4141 Belmont Ave., Chicago 41, lll., Dept. RN-3-0

Please give me your FREE booklet, “‘Electronics and YOU,” and
tell me how | may prepare to enter one or more branches of

[ ]
|
|
L . I Electronics as listed above.

; Jechnical insTiTuTE |

| E | Age
1
|
]

Nc‘me (PLEASE RINT)
5 . P
Chicago 41, lllinois

. o Street Apt.
Formerly DeForest's Training, Inc. s i

City Zone ___ State
[ Check here if subject to Military Training.

*'One of North

America's Foremost i : 3 s DeVry Tech’s Canadian Training Center is located at
Electronics r/ gy i i 2036 626 Roselawn Avenue, Toronto 12, Ontario.

Training Centers” & - il g Accredited Member of National Home Study Coun

March, 1958
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CBS tubes are mechanically transferred from the aging conveyor lleft) to the automoted tester
{right} where they undergo up to 27 characteristics tests controlled by adjustable plug-in units.

Quality is Automatic with CBS

@es e e ceesencescss e’

LET IT CUT YOUR CALL-BACKS AUTOMATICALLY

These automated test stations are part of a plan that makes quality
automatic with CBS. They check CBS tubes and semiconductors
more precisely, more completely. And they eliminate human error.
To you, this advanced engineering means quality you can depend

upon to cut your call-backs . . . automatically. Start using CBS

tubes and semiconductors. Prove to yourself that automation does IN SEMICONDUCTORS, TOO! Matched
. to CBS mechanized diode production,
make a dlfference. this meteriess test station double-checks
automatically the quality built in by CBS

automation.

Reliable products @
through Advanced-Engineering tu bes * Sem l Con d u Cto r s
®

CBS-HYTRON, Danvers, Massachusetts

FOR THE BEST IN ENTERTAINMENT TUNE TO CBS A Division of Columbia Broadcasting System, Inc.
6 RADIO & TY NEWS
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the Top in TV SERVICING

N.R.I. SENDS YOU 17” Picture Tube,

Components for a TV Receiver, 5” Oscilloscope and Signal
Generator . , . all parts for these 4 complete units.

N.R.I. All-Practice Methad Trains

s
g ef§ "“

.

Al oassadize s FLR et

You at Home in“

Spare Time to Fix TV Sets Quickly, with Gonfidence

The man who knows the answers—the
Professional TV Technician enjoys the
prestige, gets the better jobs, the

higher -pay. Here is the learn-by- -

practice training to be a Professional
TV Téechnician. 1t shows you the way
to be the boss, to earn top pay. Tele-
vision ~Servicing needs more well
trained men. If you have a basic
knowledge of radio and electronics
you can make some Television repairs
simply by trial and error. But sooner
or later you will face TV Service prob-
lems you can not solve. And you can’t
get the training you need while cus-
tomers wait.

N.R.IL. Is Oldest and Largest
Home Study Radio-TV School
Over forty years experience and the
recerd and reputation of N.R.I. back
up this learn-by-doing Professional TV
Ser\'lcing Course. Instead of just read-
ing about TV prcblems, you build and
conduct experiments on circuits in a
TV receiver. You learn methods,
“Tricks of the trade” proved by top
TV Servicemen. You learn to fix any

set, any model with confidence.
You Get COLOR TV Textbooks
Early
The day you enroll, N.R.I, sends you
special Color-TV books to speed your
knowledge and understanding of this
vast, growing phase of Television.

March, 1958

Many full color pictures and diagrams
help you recognize defects and help
you learn how to correct them quickly
and properly. To cash in on the com-
ing Color TV boom, you’ll need the
kind of knowledge and experience this
N.R.IL. training gives.

This is 100% learn-by-doing, practical
training. Here is a course for men
who know basic theory, either from
Radio or TV Servicing experience or
planned training but realize the need
for more knowledge to forge ahead.
Here is what one graduate, G. G.
Stethem of Belpre, Ohio, says, “I can
not praise N.R.1s Professional TV
Course highly enough. I have my own

Send‘
F E
BOOK

F——=———-
Z
&
3
@
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spare time shop and all the Radio-TV
work I can handle.”

Another graduate, Edward Ravitsky
of Northumberland, Pa., says, “I have
taken your course in Professional TV
Servicing. It takes the kind of ex-
perience you offer to really learn.” If
you want to go places faster in TV
Servicing, make your future more se-
cure as the industry develops, we
invite you to find out what you get,
what you practice, what you learn
from N.R.I’s Course in Professional
TV Servicing. Mail the coupon now.
There is no obligation. NATIONAL
RADIO INSTITUTE, Dept. 8CET,
‘Washington 16, D. C.

o mm e — e —

NATIONAL RADIO INSTITUTE
Dept. 8CET, Washington 16, D. C. !

Please send FREE copy of “How to Reach the Top in TV i
Servieing.” I understand no salesman will call. i

................... Zone....._State ......c..... |
ACCREDITED MEMBER NATIONAL HOME STUDY COUNCIL
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TRANSFORMER

NEWS

FROM TRIAD

QERALITY
IMGEEERED
TRANSFORMERS

5] TRIAD TRANSFORMER CORPORATION
@ aniyid o of Lisea Foderiany

i 83 Rodvond Ave. Vames, Coldurms
351 Bk Suate S Hambgton, Iodans.

D r by

TWO NEW
TRIAD
CATALOGS

Fresh from the printer are
your new 1958 TRIAD refer-
ence books: the TRIAD
GENERAL CATALOG TR-58,
containing specifications and
prices on 940 TRIAD trans-
formers, including over 100
new items...and the TRIAD
TELEVISION REPLACE-
MENT GUIDETV-58.Get your
complimentary copies from
your distributor—or write...

Visit our Booth
o #2244 at the
l IRE Show

4055 REOWOOO AVENUE,
VENICE, CALIFORNIA

812 EAST STATE STREET,

HIH HUNTINGTON, INOIANA

TARANSFORNERS

A SUBSIDIARY OF LITTON INDUSTRIES

ELECTRONICS IN OUR ECONOMY

HE “Space Age,” launched on the

fourth of October last year with the
orbiting of the first sputnik, also her-
alded a new and important era for
electronics. Rockets, guided missiles,
supersonic aircraft, early warning sys-
tems, atom subs, etc. could not have
been developed nor would they be op-
erable without electronics. Electronics
is slated for an even more vital role
as the Space Age moves into high
gear. Although over 2 billion dollars
was spent on guided missiles last year
this sum will be increased substan-
tially in 1958 with a healthy chunk of
the business going to makers of guid-
ance and control equipment. It has
been estimated that up to 17% of all
military expenditures last year was
for electronic gear.

Important as the government is as
a consumer of electronic products
(about 50% of the dollar volume), the
private citizen and the business man
contribute substantially to the health
and prosperity of the industry. Al-
though last year’s television receiver
sales were down about 4% from 1956,
the industry expects that this year ap-
proximately 7 million sets will move
into the hands of the public. The re-
placement market is expected to ac-
count for approximately 3 to 4 million
sets.

Radio, that stepchild of the age of
the cyclops, has staged a remarkable
rebirth with people everywhere discov-
ering that an enlightened sense of
hearing is well worth cultivating. The
improvements and conveniences incor-
porated in the new tuners, amplifiers,
phonographs, and other basic audio
gear have wooed an entirely new fol-
lowing for high-fidelity equipment.
The public bought some 14.7 million
radio receivers and 5 million phono-
graphs last year and is expected to up
its purchases quite substantially this
year.

With some 47 million TV sets and
135 million radios in use, the business
of keeping this equipment in good
working order has become an impres-
sive one. Replacement parts, includ-
ing tubes, amounted to almost a bil-
lion dollars last year and shows
promise of topping its own record in
1958.

All in all, 1957 was a good year for
the electronics industry with sales at
the factory level exceeding 7 billion
dollars, an increase of over 1 billion
over the previous year.

It can be stated without successful
contradiction that electronics is one of
the most dynamic industries in the
United States today. Not only are
new uses being found for existing

www americanradiohistorvy com

equipment and techniques but new
products are pouring out of the re-
search laboratories at an almost un-
believable rate. Who, ten years ago,
would have envisioned a 2% times in-
crease in the production of transistors
in a single year? Printed circuitry?
Automatic assembly of radio and TV
sets as well as more elaborate elec-
tronic devices? Long life and re-
chargeable batteries of minute size?
Electronic devices deriving their pow-
er from the sun, or failing this, arti-
ficial light ? The list is growing larger
every day.

When the roll of these new miracle
brain children is added to the inprove-
ments that have been made in some
of the more familiar products—new
shorter picture tubes, a technique for
producing audio tubes which reduces
microphonics, methods for controlling
the accuracy of turntable rotation to
eliminate wow and flutter, etc.—the
over-all picture is certainly truly im-
pressive.

As with the economy as a whole, the
electronics industry has hit some soft
spots which has resulted in temporary
cutbacks and the shut-down of some
production lines with the furloughing
of workers, but the consensus of most
economists is that the situation in the
electronics industry is transitory. The
speeding up of the national defense
program, the acceleration of the mis-
sile and space programs, and the in-
creased application of electronics in
both the heavy and light manufactur-
ing fields will soon provide the neces-
sary shot in the arm to get the elec-
trons flowing again. In the meantime
and until the full electronies program
shifts into high gear, the audio equip-
ment segment of the industry moves
forward steadily, garnering a greater
and greater percentage of the consum-
er’'s ‘“recreational” dollar for a stag-
gering total of $200 million last year—
an increase of some 188 million since
1950!

Thus, while some persons are en-
countering temporary set-backs in
their chosen field of electronics, due to
some extent to regional situations
affecting business as a whole, the
over-all projection seems to indicate
that while the ‘“patient” may be under
the weather at the present time, the
disease is far from fatal and the es-
sential vigor of the patient can be
counted upon to effect a complete re-
covery—and then some. You can al-
ways count on our industry to invent
its own “electronic bootstraps” to
meet the current need. And the cur-
rent need is tremendous and shows
no signs of abatement. . . . W.S.

RADIO & TV NEWS


www.americanradiohistory.com

404 g

the only COMPLETE catalog
for everything in electronics

Get ALLIED’s 1958 Catalog—it’s
complete, up-to-date — 404 pages
packed with the world’s largest selec-
tion of quality electronic equipment
at lowest, money-saving prices. Get
every buying advantage at ALLIED:
fastest shipment, expert personal
help, lowest prices, guaranteed
satisfaction...

WORLD'S LARGEST STOCKS
A |

o Latest Hi-Fi Systems and
Components

e Money-Saving, Build-Your-
Own KNIGHT-KITS

e Recorders and Supplies

EASY-PAY e Public Address Systems and
TERMS: Accessories
Only 10% down. e TV Tubes, Antennas and
Available Accessories

on orders over $45. o Amateur Receivers,

Fast handling— Transmitters, Station Gear

no red tape. e Test & Lab Instruments

o Specialized industrial
Electronic Equipment

| 2 . ¢ Huge Listings of Parts, Tubes,
" featurinq: - J Transistors, Tools, Books
.  ALLIED’S money-saving knight-kits: i

% Finest electronic equipment in money-saving kit form. &

i“ Over 50 quality kits available—Hi-Fi amplifier, tuner :

FE and speaker kits, Hobby kits, Test Instruments, Ham g

. kits (see our KNIGHT-KIT values elsewhere in this pub- ¢

%f lication). ALLIED KNIGHT-KITS are easiest to build and ¢

F§ they SAVE YOU MORE. 5

: EVERYTHING IN HI-FI1

g World’s largest selection of quality Hi-Fi com- send for the leading

5 ponents and complete music systems-—available for ; 1 ! : x

¥ immediate shipment from stock. Save on exclusive electronic supply guide

aLLIED-Recommended complete systems. Own the
best in Hi-Fi for less!

ALLIED RADIO CORP., Dept.1-C8
I 100 N. Western Ave., Chicago 80, lll.

E [0 Send FREE 404-Page 1958 ALLIED Catalog

l Name

L

;

! Address. l
|

-

9

@ ' City

B I U TN R RSN

Zone State.

World’s Largest Electronic Supply House
March, 1958
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Thermo-compression bonding—

One method of thermo-compression bonding.
A heated wedge presses a wire against a
heated semiconductor with enough force to
deform the wire. Adhesion occurs in seconds.

Thermo-compression bonding
provides a new way to attach a
wire to a semiconductor. It calls
for heat and pressure—nothing
else. The wire and the semicon-
ductor are moderately heated,
then pressed together under mod-
erate pressure. The resulting bond
is very strong—stronger actually
than the wire. No chemical flux
or molten metal is required.

Eliminating molten metal pro-
vides an enormous advantage in
fixing electrical connections to
transistors. That’s because molten
metal tends to spatter and spread
uncontrollably over the surface of

Wire bonded to germanium by thermo-compression technique (enlarged).
Wires only 1/10 the breadth of a human hair have been successfully
anchored to germanium wafers only three hairs thick. The bond may be
an ohmic contact or rectifying contact by adding suitable impurities to the
wire and the semiconductor.

new way to join metal to semiconductors

a semiconductor. And it may alloy
with the semiconductor to alter its
all-important crystalline structure
and chemical purity. Thermo-
compression bonding easily and
quickly makes a strong permanent
electrical connection without
damaging the semiconductor.
Furthermore, the lead may be at-
tached to microscopic areas and
precisely positioned, a most valu-
able aid in the construction of
high-frequency transistors.

Thermo -compression bonding
will speed the production of tran-
sistors . . . the transistors needed
to fill all the new jobs Bell Lab-

BELL TELEPHONE LABORATORIES

"WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

www americanradiohistorv com

oratories finds for them in the quest
to provide still better telephone
service to our growing country.

At Bell Labs Howard Christensen and Orson
Anderson discuss their discovery of new bond-
ing principte with Peter Andreatch, Jr., who
collaborated in the studies.
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F RE E ! from HOWARD W. SAMS...

these valuable all-steel file cabinets with your purchase of

PHOTOFACT#he world’s finest TV-Radio Service Data

NOW—FOR PHOTOFACT
SUBSCRIBERS!

NOW—FOR PHOTOFACT LIBRARY

PURCHASERS!
S NEW EASY-BUY WAY: |

ABSOLUTELY FREE
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{600D-ALL}

600 UE

The Dielectric of the GDOUE is

Dupont's MYLAR®

highly resistant to moisture
penetration even with no
external protection.

The melded case of the S00UE is
Shell's EPON** 4
vary tough durable epoxy,

known for its long life and
superior moisture resistance.

Save money for yourself and
your customer,use the best, the

Good-ALL 600 UE
The cost is surprisingly low!
Leading distributors are now
carrying o complete stock.

GOOD-ALL ELECTRIC MFG. CO.

Distributor Division
26 Rittenhouvse PL

Ardmore, Pao.

L\ CAPACITORS 4

s

After some years of absence we are once more running a “Letters”
column. So many of our readers have urged us to reinstate this feature
in order that they might have a chance to express their views not only to
us personally and privately but also to our many other readers, whom
we feel sure would be interested. So if you have any constructive and
worthwhile comments that you feel would be of general interest, please
drop us a line. We can’t guarantee to print all your letters because of
space limitations, but we would like to hear from you.—Editor.

C.0.D. SERVICE
To the Editors:

As a customer, the man who pays the
bill, I am commenting on the article
“Strategy for C.0.D. Service” in the
December issue.

While from the standpoint of the
service shop operator, C.0.D. service
may be advantageous, it is not always
so for the customer. Perhaps, for ex-
ample, the person present when the
work is done in the home is not the
person who will pay the bill. Also,
many quite solvent families work on
close budgets. When a bill is excep-
tionally large, an extension of credit
into the following month may be de-
sirable. If refused—or even if granted
after a lot of hemming and hawing—
the customer is apt to be resentful.

We customers have been educated to
ask for credit when we want it. “Your
credit is good!” “Open an account!”
“Pay the painless way!” Here in the
San Francisco Bay area perhaps the
toughest competition for the independ-
ent service shops are two large depart-
ment stores which aggressively push
TV servicing, the charges for which
may of course be added to the custom-
er's regular bill.

WETHERBY BOORMAN
San Bruno, California

Our article presented one viewpoint
that’s useful to many service shops. We
dow’t doubt that the view expressed
above would be shared by other shops.
—Editor.

%* %* *
SOUND TUNER "GIMMICK"
To the Editors:

In your November, 1957 issue there
is an article “FM and TV Sound Tuner”
by Bruce Morrissette. This is a very in-
teresting circuit but it does not explain
one important item and that is what is
a “gimmick.” I have spent much time
and have exhausted all the local talent
trying to decipher “a 2 uufd. twisted
wire gimmick.”

J. W. BETHARD
San Diego, Calif.

Our “old-timer” readers certainly
could answer this one, since “gim-
micks” were widely used in some of the
old broadcast sets. The “gimmick” is
simply a very small capacitance, say a

www americanradiohistorv com

couple of unfd., that is made up by tak-
ing two pieces of insulated wire and
twisting them together for a few turns.
In the case of the circuit referred to, all
you would have to do is to simply wrap
a couple of turns of one of the leads
around the other as shown in the dia-
gram. This will produce the required
capacitance.—Editor.
* * *
COLOR TV INFO

To the Editors:

Your magazine is one of the best that
we receive. This is especially true be-
cause of your information on color TV.
This material is very welcome to us
since we are now leading this area in
sales of color-TV receivers, having sold
about 55 sets since we started to handle
them about 14 months ago. Thanks for
your fine help in this matter.

CHESTER M. BENSON, WIIFB
Richmond’s Television Center
Richmond, Indiana

Thanks for the compliments. To some
color-TV is still a big question mark,
but others are going full steam ahead
with it.—Editor.

* * *
SERVO SPEAKER SYSTEM
To the Editors:

From your description of the new In-
tegrand hi-fi speaker system (October
1957 issue) it would appear that this
unit is just what I have been waiting
for. But where can I hear one of the
units in actual operation so that I can
judge for myself if it sounds as good as
it should? Also you promised us some
further information on the system. I
would very much like to know more
about the system, especially about the
speakers themselves.

J. W. KLINGENSMITH
Toronto, Ontario

We, too, feel that the system is quite
unique; so much so that we have
planned to run some more information
on it. However, because of the very un-
usual design, the manufacturer is find-
ing it difficult to obtain large enough
supplies of components and transistors
that conform to the tight tolerances re-
quired. Just as soon as this problem
has been ironed out the systems will be
put into production. At first a few of
the units will be shipped to the major

RADIO & TV NEWS
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NOW ENJOY

NO INSTALLATION!

. Household Electricity

Anywhere!... Anytime!...in your own

CAR, Boat or Plane!

.. MOST MODELS JUST PLUG INTO
CIGARETTE LIGHTER RECEPTACLE!

= L W " |
\ \ & e -t Aﬂ:
I ¥ §3 -
W TS,
Y o § Noer (
{1 -~ - "\ 1/
| X % S,
P \y
)
f \ﬂ- =
Universal Plug-inType Plug-inType
INVERTERS* augde e
‘ INVERTERS * MIGHTY MIDGET
. INVERTERS
L
|
[ Operates Standard A.C.
' e DICTATING MACHINES
' Oper)tes Standard A.C. ¢ Small Radios Operates Standard A.C.
e TAPE RE e Record Players e SMALL DICTATING
| e TV Sets e Elcectric Shavers MACHINES
1 o Dictating Machines e Heating Pads, cte. e Small Recard Players
| « Radios MODEL « Electric Shavers, etc.
« Public Address Systems 6-RMF (6 volts) 60 MODELS
o Electric Shavers to 80 tts Smp- 6-DWME (6 volts) 30 to
t o Record Players pmg wel 12 40 watts. Shipping
1 e Food Mixers . DEALER NET PRICE $30 00 weight S Ibs
| « and Emergency Lighting List Price. .$45.00 DEALER NET. PRICE $13.30
MODELS 6C-RMF (6/12 volts) .st Price. .$19.9
6U-RHG (6 volts) 125 €0 to BO  watts. 6C-DME (6/12 volts)
| to 150 watts. smp- smppmg weight 12 30 to 40 watts. sn.p-
ping weight 27 Ibs bs. ping weight 5
| DEALZR NET PRICE $59.97 DEALER NET PRICE $33.00 DEALER NET PRICE $15.67
[ List Price. .89 List Pr 14 List Price. .
| 120-RHG (12 volts) 150 12T-RME (12 vons) 90 12-DME (12 vol
to 175 watts. Sh-p- to 125 watts. Smp- to 5D wans
ping weight 27 p-ng weight 12 ping weight S Ibs
3 DEALZR NET PRICE ‘$59.97 DEALER NET PRICE $28.33 DEALER NET PRICE $13.30
| List Price. .5349.95 List Price..S42 List Price..S19
AN Avuto-Radio

For

Dry

BATTERY CHARGER Ask your distributor for
MODELS I:Tﬂ's Lcawl Priced ty‘?'e
GlOC ELIF 6 volts at 10 amps. 4200; 6l.volts) asprong) Vi
13 Volte at ¢ mmpm: SHipping brator, and 1843, 12 volts
we-gm 22 bs 2:rong °rv}:?r:?6rlz volts
DEALER NET PRICE............ $42.95 CAJC R L L
G20C-ELFT. . .6 volts at 20 armps.
or lﬁtvzoltslbat 10 amps. Shipping FREE! Write for ATR
weig H 8-page Vibrator Flyer
DEALER NET PRICE............$59.95 togagy | orater HY

] Battery
| ELIMINATOR

Demonstrating
and Testing Auto
Radios—
TRANSISTOR
or VIBRATOR
OPERATED!

Des igned lor test.
D.C

c.'ll Apparatus on
Regular
Lines—Equipped
with F

Rectifier, assur.
ing nciseless, in-
terference-frec
aperation and ex-
treme
and reliability.

MAY ALSO BE USED AS

c. ctri-
A.C.
ull-Wave

Disc-Type
tors are

long  life

make of car

VIBRATORS

By cvery test ATR Auto-Radio Vibra.
best « and

ramic Stack Spacers—lnstant Start-
ing—Large Oversized Tungsten Con-
tacts—Pcrforated Reed—plus
Precision Construction and Workman-

p.
There is an ATR VIBRATOR for every

features Ce-

Highest

FOR THE NAME OF YOUR NEAREST ATR ELECTRONIC PARTS DISTRIBUTOR, PLEASE
COMMUNICATE WITH YOUR NEAREST ATR REPRESENTATIVE LISTED BELOW.

!EPRESENTATI\ES
nk A, Emmet Co., 2837 W. Pica
Ivd N Los Anyal(s 6. Phone—REpublic 1-

Ferritory: Arlz.; S Callf.

SALIF.: Legan Sales, 154 Elghth St.. San
francisco 3. Phon>—HEmlack 1-0692.
Ferritary: M. Calil.: Nev.

BOLO.: A. J. Nelsan Co.. P. O. Box 1502,
Jenver 17. Phone —KE 4-67'

forritory: Colo.; Idahos Monl .3 N. M.
Uob.; El'Paso. Texas; Utah; Wyo,

B & Settleman Co.. 08 N.
(Imball Avu .. Chicago 28. Phone—JUrlDer

i: Gary & HMammond, Ind.;

c'vrltory

D.: Wrisht Enaineering, P. Box
807, 4241 Melbowrne Rd., Indl.nnnoﬂl 44,
*hone—Humboidi 8800,

‘erritory: Ind. Gary & Mammand.

LAN.: Hoonig Sales Co., 6359 Anlioch 2ve,,
Herrlam, Phonl—VAlenllne 752,
Ferritorys 1owa:<Man

excl.

Mao.: E. Neh.

D.: Morris F. Taylor Co.. P. O. Box 111,
94]1 Georgia Ave., Siiver Snrln! Phone—
JUniper 9-4002.
Terrllovy Ala, D. C.; Del; Fia.: Ga.i
Md.; N Ohio countles ol Jonenon
Mahoning & Trumbull; Pa.; S. C.: Tenn.;

Va.: W. Va

MASS.; Gerber Sales Co., 43 Pearl St.,
Brookiine 46. Phone—BEacon 2-2425.
Territory: New England.

MICN.: Amerlrun Television & Radio Co.,
300 E. h St., St. Paul 3, Minn. Phone—
Canllol 2-!791

Territory. Mich.

MINN.: H. M, Richardson Co., 9 E. 22nd
St., Mlnneanohs 4. Phon';-FEdlrll 6-4078.

Territory: Upper N. Y.

OHIO: John O. Oisen. 16201 Shaker Blvd.,
Cleveland 20. Phone—W Yoming 1-2624.
Territory: Ky.: Ohlo except countles of
Jefterson. Mahoning & Trumbull.

TEXAS: Berthold Sales Co.. 4411 Mapie
Ave., Dallas 19. Phone—Lakeside 6-8329.
Territory: Ark.; La.; Miss.: Okla.; Texss.
excl. El Paso.

: James J. Backer Co., 221 W. Galer.
Seanle Phone—ALder 6470.
Territory: Ove.; Wash.; Alaska,
CANADA: R. C. Kahnert Sales Co.. Now
73 Crocktord Pl., Scarboro, Ontario. Phone—
REdfern 7078.

'rennory. Minn.; N, D.; Territory: E. Canada.

Y,: Lee Rocke, Newhope Corp.. 6 E. CANADAx Charfes L. Thompson, Ltd..
39n. St., New York 16. Phone—LE Dr,, N. . Phone -
2-7372. Yon'wst:

Territory: N. J.: Metropolitan N. Y. inci, Territory: W. Canada.

5 boroughs: counties of Staten Island, Lon'
Island, Westchester & Putnam.
N. Y.: Frank W, Taylor Co., Box 222, De
Witt. Phone=-S¥racuse 72.5198.

HAWAll. Gene Pilety,12030 Home Rule St..
Honolui
Terrllory' Hawnll.

@
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Electricit

e PROTECTOR

LL Electronic Tubes in TV or Hi- F;|:";':|IS
Electronic Equipment. Will dovl
ding TV Pictore Tube.

" glectronic Tub
protects A

gnd other
tube life inclu

Auto Radio VIBRATORS
for both Auto Radio and two-way communication recei
ing sets; featuring Ceramic Stack Spacers for long
lasting life.

Portable

Y charged right
or Plane! A storage batte
starting easy!

the Car, Truck, Boat,
necessny—mokes mo'or

Electronic Tube

SHAV-PAKS
PROTECTORS

WILL DOUBLE OR TRIPLE THE LIFE

OoF ALL TYPES OF ELECTRONIC
TUBES., INCLUDING TV PICTURE
TUBE

ATR Electronic
Tube Protcctors
are available in
two models; auto-
matic in opera-
tion, for use with
any clectronic
! equipment having
input wattage of
100 to 300 watts.
S Fuse protected,

cnclosed in metal
Ic;:se for rugged construction and long
ife.

Keep Clean-Shavec! Plugs into

Cigarette Lighter Rcceptacle.
Keep in Glove Cempartment
Operates Stancard A.C.

s ELECTRIC SHAvIENS
« Small Timing Devic

in CARS Buses, Trucks.

L Tl Mo“u;‘:vgoo (Flnor Modcl) & .m;'se;:::g
MODELS weiaht 2
6-SPB (6  volts) 1S DEALER NET PRICE-. cee...54.63

wnthi.z‘/Shlbpwﬂg List Price. $6.9

weig 2

DEALER NET PRICE 56.63 Mode) 250 (W“"

List Pr 95 Model) 115  volts
12:5P8 (12 vorts)” s A el Shilepiing

3 Shlpp”\g W(‘l(l(l Ib.
DEALER NET

we-ght 214 1 bridE

DEALER NET PRICE $6.63 List Price .

List Price....39.95 !

Avuto Plug-in Home-type
Portable
BATTERY CHARGERS

NO INSTALLATION . .. JUST PLUG INTO
CIGARETTE LIGHTER RECEPTACLE!

KEEPS CAR BATTERY FULLY CHARGED IN YOUR
OWN GARAGE! NEEDED MORE NOW TNAN RVER
BEFORE-MAKES MOTOR STARTING EASY
OPERATES DIRECTLY FROM STANDARD 110
VOLTS A.C, CURRENT.

MODELS

A—12CA4 (3 amp.) 12 volts
Shipping weight 5 Ibs.

C—12CA6 (6 amp.) 12 volts
Shipping weight 7 Ibs.

E—12CA10 {10 amp.) 12 volts
Shipping weight 9 Ibs.

B—612CA4 (4 amp.) 6,/12 volts

DEALER NET PRICE $11.96
.List Price $15.95

DEALER NET PRICE $17.96
List Price. $23.95

DEALER NET PRICE $24,71
List Price .$32.95

DEALER NET PRICE $14,21

Shipping weight 6 fbs. List Price §18.95
D—612CAE (6 amp.) 6 /12 volts ~ DEALER NET PRICE $20,96

Shipping weight .. (bs List Price $27.95
F—612CA10{10amp. 6 /12 volts DEALER NET PRICE $27,71

Shipping weight 10 Ibs. List Price..... $36.95

American TELevisioN & Rapio Co.,

Quality Products Since 1931
SAINT PAUL 1, MINNESOTA—U. S. A.

AMERICAN TELEVISION & RADIO CO.
300 E. 4th St., St. Paul, Minn.

Gentlemen:

The name and address of my nearest electronic parts distributor is

NOTE:—If distributor cannot supply you, ‘feel free to order direct fror
factory, or ATR representative nearest you, as listed to the lef

[J Send additional literature and price list on
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a quarter-century 1
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know-how
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J | Model V-70
LS

-

-

VACUUM TUBE VOLTMETER KIT

. s wide-range » peak-to-peak.

qu al |ty test Net Price: $31.50
instruments

in Kit form

...the only line of test instrument
kits engineered and produced
under the auspices of a major

Model B-10 g ]
test equipment manufacturer. .. BATTERY ELIMINATOR KIT .

s . R ¢ less than 0.3% ripple g
and conveniently available directly * no external filter adaptors required

from your local electronic Net Price: $41.95

parts distributor.

Mode! G-30 ,«’% Model $-50

RF SIGNAL GENERATOR KIT S 5” CATHODE RAY OSCILLOSCOPE KIT
¢ 160 Kc to 240 Mc in 8 bands . spush-pull vertical and

¢ 120 Mc fundamental output h e
Net Price; $28.50 horizontal amplifiers. §

Model G-30-PC: ‘ Net Price: $49.50

Same as Model G-30 but

with pre-calibrated frontend.
Net Price: $35.50

Model T-60 TUBE CHECKER KIT
*full free-point lever selector system
= T hinged riet Pricbel: $38.75

Model C-20 ching, hinged, removable cover;
RESISTANCE ~CAPACITY-RATIO BRIDGE KIT LS )
¢ 10 mmfd to 2000 mfd
* 1, ohm to 200 megohms
Net Price: $20.95

i)

* Available and

on display at Mode! M-40 i
leading electronic Model 2-80 HIGH-SENSITIVITY V+0.M KIT
* parts distributors RF-AF SIGNAL TRACER KIT ¢ 20,000 ohms/volt DC
. ' § » High gain RF & AF Amplifier * 10,000 ohms/volt AC
P write for § o Visual and Audible Indicator Net Price: $31.50
free descriptive Net Price: $29.50
bulletin.

P|A|C|OJeLecTrONICS cO., INC.

70-31 84th Street, Glendale 27, L. I., N. Y.

A DIVISION OF PMC]&I”NAppamius €ompany, Inc.

Export: 458 Broadway, New York 13, U.S.A. Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10
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hi-fi centers throughout the country so
that they may be heard. When this oc-
curs, we will cover the system more
fully. In the meantime, further infor-
mation can be obtained from the manu-
facturer, the Integrand Corp., 662 Main
St., Westbury, Long Is., N. Y.—Editor.
* * *
STEREOC GAIN CONTROLS

To the Editors:

Regarding our article “Stereo Bal-
ance and Gain Control” (December,
1957 issue), the circuit shown in Fig.
3B would perform better if tapped
linear controls rather than log controls
are used for gain adjustment. The com-
monly available log pots reach 250,000
ohms at about 75 per-cent rotation
rather than at 50 per-cent. With linear
controls now being recommended hav-
ing taps at 250,000 ohms, the addition
of R, and R: effectively changes the
linear taper into one that closely ap-
proximates a log taper.

HERMAN BURSTEIN
Wantagh, New York
kS Ed £
HIGH-STABILITY OSCILLATOR
To the Editors:

I have received many letters from
hams who are very interested in the
“High-Stability Oscillator Circuit”
which I described on page 142 of the
June, 1957 issue. The oscillator will ac-
tually perform better than was indi-
cated in the article, but I felt better
being on the conservative side. How-
ever, the oscillator will not perform
properly with poor. coils, especially at
lower frequencies, although some coils
hastily wound on old tube bases worked
rather well. In order to reduce the ne-
cessity for extremely high quality coils,
two changes are suggested. Capacitor
C: in the schematic was changed from
5100 pufd. to 3000 uufd. and resistor R,
was.changed from 1 meg. to 2 meg.

The circuit as given (with the above
minor changes) operated throughout
the frequencies of 640 ke. to 11.8 me.
with no changes other than the num-
ber of turns on the coil. The coil form
used was 1% inch diameter. You can
see from this that the circuit is not at
all critical and a much greater range
may be obtained by winding coils with
the correct length/diameter/spacing ra-
tio in accordance with good coil wind-
ing practices.

May I suggest an easy method of de-
termining whether or not the circuit is
oscillating correctly? Disconnect the
oscillator from the buffer amplifier so
that it is operating with no load. Con-
nect a 20,000 ohms per volt meter
across the 10,000 ohm cathode resistor.
You will get a reading somewhere
around 10 or 20 volts. Place your grid-
dip oscillator (in oscillating condition)
near the v.f.o. coil and tune the g.d.o.
through the frequency of operation.
When the g.d.o. and the v.f.o. are op-
erating on the same frequency, the
voltmeter in the cathode circuit will
show a great increase in voltage, de-
pending to a great extent on the de-
gree of coupling between the coils.

RogerT J. ROPES, WOPAP
Kokomo, Indiana -{30—

RADIO & TV NEWS
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- Here’'s How: -

ENTER THE EXCITING RCA “MYSTERY SHOPPER” CONTEST!

8 MGA SPORTS
ROADSTERS

©24 COLOR-
TV SETS

® 80 HI-FI
PHONOGRAPHS

® SOTRANSISTOR
RADIOS

...and every TV service-dealer
and technician who enters this
exciting “contest” receives a
gift—just for entering!

—’——

-
pm—mm -

1. To enter the contest, write a state-
ment of 50 words or less telling how you
think RCA’s promotion of “National
Television Servicemen’s Week” benefits
the independent TV service industry.
The contest is open to all radio-televi-
sion service dealers and their service
employees, in the continental U. S,
Alaska, and Hawaii, without any obliga-
tion on their part.

2. your entry must be made on an
official entry blank and must be sub-
mitted in your own name describing
your own opinions in connection with
“National Television Servicemen’s
Week”—March 24th to 29th, 1958. You
may prepare your own entry blank, or
you can ask your RCA Tube Distributor
Salesman to help you prepare your
entry blank. If your distributor sales-
man does help you, be sure to have him
countersign your entry blank-he is
also eligible for a prize if you win.
Official entry klanks are available from
your Authorized RCA Tube Distributor
and from RCA. Electron Tube Division
advertisements. Only one entry per per-
son is permitted.

3. Mail your entry, using adequate post-
age to: RCA Electron Tube Division,
P.O. Box 551, New York 46, N. Y.

m———— OFFICIAL ENTRY FORM

Mail to:

RCA EL.ECTRON TUBE DIVISION
P.O. Box 551, New York 46, N. Y.

Complete this statement in 50 words or less:

As a service dealer, this is how I think RCA’s pro-
motion of “National Television Servicemen’s Week”
benefits the independent TV service industry:

All entries must be postmarked on or
before midnight, March 15, 1958. No
general correspondence should be sent
to this address.

4. The entries will be judged by Adver-
tising Distributors of America, Inc., an
impartial, independent contest judging
organization, on the basis of originality,
sincerity, and aptness of thought. Deci-
sion of the judges is final. All entries be-
come the property of Radio Corporation
of America, and none will be returned.
Entry in the contest constitutes permis-
sion to RCA to use your name and entry
in any way it sees fit.

5. The contestants will be ranked in
each region, in the order of the merit of
their entries, as determined by the
judges as provided above. They will be
visited in person or phoned, in succes-
sion, sometime between the period of
April 1, 1958 and April 30, 1958, by a
“Mystery Shopper”. The “Mystery
Shopper” will ask a question about the
product features of RCA Silverama
Picture Tubes or RCA Receiving Tubes.
The first service dealer or service tech-
nician in each region who answers the
question correctly will be presented with
the grand award. The next 3 dealers or
their service employees in each region

who answer the question correctly will
be awarded one of the beautiful, new
RCA Victor color TV sets. An additional
10 contestants in each region who
answer the ‘“Mystery Shopper” question
correctly will receive one of the exqui-
site RCA Victor High Fidelity Sets. And
10 additional contestants in each region
who answer the question correctly will
receive an RCA Victor Transistor Radio.
All contestants will receive a token of
recognition.

6. The “Mystery Shopper” is the name
applied to a group of impartial em-
ployees of Advertising Distributors of
America, Inc., located throughout the
nation. The “Mystery Shopper” will
visit or phone contestants in the guise
of a consumer, and will not divulge his
or her identity unless the contestant
supplies the correct answer to the ques-
tion asked by the “Mystery Shopper”.

7.0nly one award will be made per
person. Duplicate awards will be made
in the event of a tie, This contest is sub-
ject to state and local regulation. Void
if taxed, restricted or forbidden by law.
A list of award winners may be obtained
after April 30, 1958 by sending a
stamped, self-addressed envelope to the
address given above,

C-41

ALL ENTRIES MUST BE POSTMARKED ON
OR BEFORE MIDNIGHT MARCH 15, 1958

SIGNED

(Signalure of Dealer or Technician)

FIRM NAME

ADDRESS

CITY

ZONE

P

"! ’ll RADIO CORPORATION OF AMERICA

Electron Tube Division

Harrison; N. J.

STATE

See your Authorized RCA
Tube Distributor now for
additional details!

March, 1958

wwWwW americanradiohistorvy com
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If you’re not a Channel Master Dealer you are
probably not getting your share of the really
profitable antenna installation business. Hundreds
of dealers have doubled and even tripled their
antenna sales in less than one year when they

P
fol}

TIFETRE

PRSI S

YOUR INSTALLATION VOLUME CAN BE GREATER!

= TS PRI
AP T AN Rt Et T Dyt Bk I SRR SES it A Xe -t e 4

switched to Channel Master and featured the
famous T-W antenna. In fact, far more T-W
antennas are bought than any other fringe area
antenna. There must be good reasons for this.
Below are listed but a few of them.

o)
i oracs:

RIS P e IAS

oAl

R .{"(“Y.t"’ :tﬁ‘?“‘m. i ayos, RATLITY ]_,,, AL.! Jb;l ,_,3‘-;’ 123239830158 ) ‘{::?-‘L“?t
R Iy S oA P e 2z s

AHETRT

AR LAR O O ciit

How much installation

fiusiness are you

losing every week? /7

.. hecause you don’t feature the

['IMNNEi MASTER 1207

Put these extra selling advantages to work for you!
Superior PERF@RMANCE? OQutperforms any all-channel

antenna ever made! Revolutionary “Traveling Wave” design delivers highest
front-to-back ratios (better than 10:1) — — top gain over the entire VHF range.

Sironger CONSTR CTl@N! Super-strong in every detail
of construction: Twin-Boom— the only antenna with 2 full length

crossarms; 2 Super-Nests — the most powerful grip that ever held an antenna to
the mast; Line-Lok — absorbs all transmission line tension; 7/16% dia. elements.

Bigger NATIONAL ADVERTISING! vore than 75,000,000

advertising messages in America’s leading national magazines. Now saturation
coverage with big-space ads blanketing 173 prime outdoor antenna markets.

LIVE LEADS galore ! tens of thousands have already

responded to Channe! Master’s Free “Antenna Check-Up Kit* offer —
repeated in new national ads. Based on experience, 50% — and more
— of these leads are converted into actual sales.

Local €O-02 ADVERTISING! e most liberal

advertising allowance in the industry — so you can run your own

focal promotions. Channel Master dealers have the widest array of mats,
radio and TV spots, and display materials.

Promoting ANTENNA REPLACEMENTS!

Channel Master's national advertising hammers home the theme of
anfenna obsolescence — opening new markets for you!

Call your Channel Master distributor now !

@ Reg. US Pot. Office and Canodo

model no.

354-1

including: * 2-element T-y i
* Combinction 4 ft. x 1%

NEW “INSTALL-IT-YOURSELF’* ANTENNA KIT
featuring new 2 ELEMENT 127 ANTENNA

- e AR A COMPLETE Designed for top performance in suburban and metropolitan areas.
Tripod Mount ¢ 3 Mounting ANTENNA Powerful “Traveling Wave® principle provides the 2-element T-W
o ';;“P;;“;"’:“y','lze’ with better all around performance than a stacked conical.

a

. 6-3‘/" Stondouts ® IN ATTRACTIVE - X 4 .

1 Standout Strap. 3-COLOR Promotlonally Priced at $2995 |5y

. DISPLAY CARTON

-ty

A
o

s

U

FULERYITLE, =N
WORLO'S LARGEST MANKUFACTORE® OF FY ANIIXXAS ARD aCCisSoRIis

S
“eru®
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i model no. 350

5-element

model no. 351
3-element
model no. 352
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GOOD JOBS . . . MORE MONEY
SECURITY . . . ALL CAN BE YOURS

YOU are needed in the great modern Tele-
vision-Electronics industry. Trained techni-
cians are in growing demand, at excellent
pay, in sales and service, manufacturmg,,
broadcasting, telecasting, communications,
research, and many other important branches
of the field. National Schools Master Shop-

RADIO - El.Ecrn*ouic.s

lEAR% ALL 8 pypgys

ornuml"ls’gm
BY SHop METHOD

HOME TRAINING

1. _Television .
including Color TV

2. Radio ... AM, FM
3. Industrial Electronics
4. Communications

5. Sound Recording
% Hi-Fidelity

6. Automation

1. FCC License Preparation
8. Radar & Micro Waves

l.et National- Schools of Los
Angeles a Practical Resident
Technical School for over: 50
years, train you at home by
Shop-Method. for unlimited
apportunities in. AII phases of
TV, Electronics, Radio.

YOU GET EVERYTHING YOU NEED

Clear, profusely illustrated lessons, shop-
tested manuals, modern circuit diagrams,
practical job projects—all the valuable
equipment shown above—many other ma-
terials and services—consultation privilege
with our qualified staff, and Graduate Em-
ployment Service. EVERYTHING YOU
INEED for outstanding success in Electronics.

INDUSTRY NEEDS YOU. NATIONAL SCHOOLS
WILL TRAIN YOU. SEND FOR FACTS TODAY
NO OBLIGATION.

Method Training, with newly added lessons YOU LEARN BY SHOP METHOD . ..
and equipment prepares you in your spare you do servicing, circuit analysis, and do
time right in your own home for these fasci- over 100 down-to-earth experiments. You
nating opportuniries. OUR OUTSTAND- build a Superhet Receiver and a modern TV
ING METHOD IS PROVED BY THE Receiver, from the ground up, including a
SUCCESS OF GRADUATES ALL OVER new, big screen picture tube. You also re-

Approved for m’
Gl Training i idrree!

THE WORLD!
YOUR TRAINING IS ALL INCLUSIVE

We prepare ycu for a long list of job
opportunities. Thousands of TV and Radio
receivers are heing sold every day-—more
than ever before. And, now, Color TV s
here. Applications of Electronics in industry
~AUTOMATION —are growing in tre-
mendous strides. ‘The whole field is alive —
opening up new, important jobs rapidly.
National Schools <0mplet£ training program
qualifies you in all phases of the industry.

YOU EARN WHILE YOU LEARN

Many students pay for their entire training —
and more — with spare time earning. We'll show
you how you can, tno! Early in your course you
receive material that shows you how to earn
extra money servicng TV and Radio receivers,
appliances, etc., for friends and acquaintances.

March, 1958

ceive a professional, factory-made MULTI-

KATIONAL §CHOGLS

TESTER. All of this standard equipment is

o oo LOS ANGELES 37, CALIF.
yours to keep . . . at just one low tuition.

" NATIONAL SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905
LOS ANGELES 37, CALIFORNIA

GET FAST SERVICE— MAIL NOW 7O
NATIONAL SCHOOLS, DEPT, RH-38
4000 S. FIGUERQA ST. LOS ANGELES 37, CALIF,

Rush free TV-Radio “Opportunity” Book and sample
i ¥ lesson. No salesman will call.

¥

AGE

ZONE STATE

) Check if interested ONLY in Resident Schoo! training at Los Angeles.
YETERANS: Guve dote of Discharge

wwWwW americanradiohistorv com
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/ Model 848 for the bigger jobs.
25 watts, 16 ohms, Response, 175
—10,000 cps. crossover at 1000
cps. RETMA sensitivity rating, 52
db. Size, 102" x 202" x 20.”

Wi, 12 Ibs. List. ... ...

IFFERERNCE

THERE |
IN . A. SPEAKERS

you get a lot more to sell with

®

Model 847 CDP for smaller oreas.
12 watts. 16 ohms, Response, 250
~10,000 cps, crossover at 1500
cps. RETMA sensitivity rating, 51
db. Size, 113%4" x 73" x 10%". }
Wi, Y2 1bs. List. ... .. $46.33,

P AKERS

Yes, Electro-Voice gives you more to sell and more
help in selling P. A. speakers. Hard-hitting, sales-
pulling ads pre-sell architects, buyers in schools, uni-
versities, colleges, industry and all your prime P. A.
prospects. They are told the CDP story ... and
what a terrific story itis. To tell it is to sell them!

HERE'S WHY CDP SPEAKERS ARE SO SUPERIOR, SO MUCH EASIER

TO SELL THAN CONVENTIONAL P. A. HORNS . . .

High frequencies require one throat size and one horn
taper rate; low frequencies require a different throat size
and a different taper rate. The Electro-Voice CDP gives
you a large horn (A), for lows and a second, smaller horn
(B), coaxially mounted, for highs working from both sides
of a single diaphragm (C). The Electro-Voice CDP gives
you 2} more octaves of sound reproduction . . . frequen-
cies up to 10,000 cps. These 2} octaves are indispensable
for highest intelligibility. See the curve, compare response
and efficiency. In addition, Electro-Voice CDP speaker
disperses sound through a solid 120° angle for the widest
coverage available in P. A. speakers.

You can heor the difference.

1 This is a CDP Speaker with
its two coaxially mounted dif-
fraction horns.

2 This is the frequency re- %0
sponse curve of a CDP. 3
3 )
i T —
3 This is the frequency re- L \
sponse curve of a conven- 3 I'l | H\
tional P. A. horn. L s

0080000000000 000000000¢0000000000000000000000000000000000000000000000000000¢000000000000000009000020000000000000000500000000000809

Conventional reentrant horns using single throat (D) and
single horn (E) transmit highs along the same circuitous
path (F) as required for lows. As a result, the highs be-
come attenuated, sharply decreasing intelligibility. Elec-
tro-Voice gives you P. A. speakers with a large horn for
lows and a second, smaller horn, coaxially mounted,
for highs. There is a difference and you can hear it.

ELECTRO-VOICE, INC., BUCHANAN, MICHIGAN

EXPORT: 13 East 40th Street, New York 14,
U. S, A, CABLES: ARLAB,

4 This is a conventional re-
entrant-type P. A. horn.

CDP speakers are weather-proof, blast-proof and splash-
proof, virtually indestructible. They’re molded of fiber-
glass for better acoustical properties and extra strength.

Sell CDP Speakers . . . the speakers that sell because
they are clearly superior. See your Electro-Voice Dis-
tributor TODAY. Get the facts and start selling the
most revolutionary speakers in P. A. history . . . the

Electro-Voice CDP.
Send for bulletin 195-N83
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RCA VICTOR and Book-of-the-Month Club

ANNOUNCE THE FORMATION OF

The RCA Victor
o5 ocz'ezy of Great EMusic

...its common-sense purpose is to help seri-
ous lovers of music build up a fine record
library systematically instead of haphazardly.
By doing so, they can save ALMOST ONE
THIRD of what they would pay otherwise for
the same RCA VICTOR Red Seal Records.

AS THE HEART AND CORE OF A
LIFETIME RECORD LIBRARY

BEGINNING MEMBERS WHO AGREE
TO BUY SIX RCA VICTOR RED SEAL
RECORDS FROM THE SOCIETY DURING
THE NEX7T YEAR WILL RECEIVE

The Nine Beethoven
Symphonies

Arturo“loscanini

IN AN ALBUM OF SEVEN 12-INCH
LONG-PLAYING RECORDS FOR

$39_§

~plus a small clarge for mailing

l Nationally advertised price $34.98 '

March, 1958

;

OST MUSIC-LOVERS, in the

back of their minds, cer-
tainly intend to build up for them-
selves a representative record
library of the World’s Great
Music. Unfortunately, almost al-
ways they are haphazard in carry-
ing out this aspiration. The new
Society is designed to meet this
common situation, sensibly, by
making collection more systematic
than it now is in most cases.

X Because of more systematic col-
lection, operating costs can be
greatly reduced, thus permitting
extraordinary economies for the
record collector. The remarkable

Introductory Offer at the left is a
dramatic demonstration. It repre-
sents a 459%, saving the first year.

> Thereafter, continuing mem-
bers can build their record library
at almost a ONE-THIRD SAVING.
For every two records purchased
(from a group of at least fifty made
available annually by the Society)
members will receive a third rca
Victor Red Seal Record free.

> A cardinal feature of the plan
is GUIDANCE. The Society has a
Sclection Panel whose sole business
it is to determine “must-have”
works for members. Members of
the panel are as follows:

DEEMS TAYLOR, composer and commentator, Chairman
SAMUEL CHOTZINOFF, General Music Director, NBC
JACQUES BARZUN, author and music critic
JOHN M. CONLY, cditor of High Fidelily
AARON COPLAND, composer
ALFRED FRANKENSTEIN, music critic of San Francisco Chronicle
DOUGLAS MOORE, composer and Professor of Music, Columbia University
WILLIAM SCHUMAN, composer and president of Juilliard School of Music
CARLETON SPRAGUE SMITH, chief of Music Division, N. Y. Public Library
G. WALLACE WOODWORTH, Professor of Music, Harvard University

HOW THE SOCIETY OPERATES

acH month, threc or more rca

Vicror Red Scal Records will be
announced to members. One will al-
ways be singled out as the record-
of-the-month, and unless the Socicty
is otherwise instructed (on a simple
form always provided), this record
will be sent to the member. If the

member does not want the work he
may specify an alternate, or instruct
the Socicty to send him nothing.
For every record purchased, mem-
bers will pay only $4.98, the nation-
ally advertised price of rca Vicror
Red Scal Records (plus a small
charge for postage and handling).

RCA VICTOR Society of Greot Music, ¢/o Book-0f-the-Month Club, Inc., 345 Hudson St., New York 14, N. Y.

Please register me as a member and send two records I purchase from the Society,
me the seven-record Toscanini-Beethoven 1 will receive a third RCa VICTOR Record.
Album under the conditions stated at the free. To maintain membership after the
left billing me $3.98, plus postage. If I first year. [ need buy only four records
continue, after buying six records. for every from the Society in any 12-month period.
s, )

MISS
ADDRESS

(Please print plainiy)

CITY (e 7ZONE, STATE
NOTE: If you wish to enroll through un authorized RCA VICTOR dealer. please fill in here:

DEALER'S NAME

ADDRESS

cHTY, ZONE, STATE V166-3

wwWwW americanradiohistorv com
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 for ; higger sales,
) the big new

Y Super“8”

/

F

<
i-
f
It's brand new! Extra heavy. The King-size
“8" Ball, for today's king-size market. .. but
at a regular price! Popular, proved ball mount...
adjusts up to 35°. Sleek and modern for today's cars.

Triple chrome plated. 4 sections extend to 57”. 54" lead

cable. Qutside, one-man installation. Boost your

profits with this King of new antennas.
Order the Model TCF-4 Super "'8" today!

WARD
PRODUCTS

1148 Euclid Avenve, Cleveland 15, Ohio

Diw;sion_ of The Gabriel Company
In Canada: Atlas Radio Corp., Ltd.,

50 Wingold Ave., Toronto, Ontatio
RADIO & TV NEWS
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Latest Information
on the Electronic Industry

By RADIO & TV NEWS’
WASHINGTON EDITOR

OVER $2-BILLION SPENT FOR REPLACEMENT PARTS AND REPAIR DURING '57—
A new high in component sales and service income was recorded during 1957.
According to year—end records of the Electronic Industries Association in
Washington, well over $l-billion was spent for installation, maintenance,
and service, while nearly $1-billion went for repair parts, including
tubes. For details on the ‘‘state of the industry,'' see page 8.

HI-FI BOOM SOARING RADIO—-PHONO SALES—-The radio—phono market, once
pronounced| killed by television, has made a siriking recovery, thanks
to the revived interest in sound and the evolution of popular hi-fi.
Indusiry sPld 14.7-million radios in 1957, compared to 13.3-million in '56.
And an all+time record of 5—million phonographs were sold during '57; a
substantial gain is forecast for '58.

SEMICONDUCTOR SALES MOUNTING——The future potential for semi-
conductors looks almost unbelievable; industry specialists predict an
increase of 33% for both transistors and diodes for '58, with the record-
breaking 1957 income of $143—million rising to about $200-million.

THOUSANDS OF NEW HAM STATIONS OKED DURING '57—Over 160,000
amateur transmitters are now registered with the FCC, according to the
Commission's annual report issued recently in Washington . . . Commercial
use of 2-way radio also jumped during the past year; some 40,300 aircraft
are now radio equipped. In addition, there are over 105,000 transmitters in
use by taxjicabs; 51,300 two—way setups are being used by railroads, and
nearly 4000 communications systems are in operation on bus lines. The fire
departments of the nation are also extensive users of 2-way radio accord-
ing to the|Commission; there are now 50,000 transmitters in operation,
and almost| three times as many are being used by the police.

FCC, AIR FORCE, WEATHER BUREAU ADOPT CONELRAD FOR STORM WARNINGS—The
Federal Communications Commission, U.S. Air Force, and the Weather Bureau
in Washington have announced that they will use the Conelrad national
defense alerting system as a weather—-warning tool for seasonal hurricanes,
inland tornadoes, and floods. . . . All broadcasters (AM,FM,TV) will
partioipatT in the weather—emergency program.

TOLL-TV OPPOSED BY LABOR—A resolution opposing toll-TV was
passed recently by the second constitutional convention of AFL-CIO. This
vote re—affirmed the stand that the body took two years ago at its first
meeting.

PHILLY U.H.F. STATION FILES FIRST PAY-TV APPLICATION WITH FCC——Channel
29 WSES in Philadelphia recently entered the first request for permission
to charge for TV programs . . . The station told the Commission that it
proposies to use the Skiatron system of punch-card decoders, especially for
sportss telecasts. The rate structure, it was noted, would include a $30
yearly fee for each receiver connection, plus $1.00 for each program.
Commercial|establishments, such as bars, clubs, etc., would be charged
$100 yearly, and $5 for each program. In addition, there would also be
small charge established for installation of the decoding system.

NEARLY| 500 COMMERCIAL TV STATIONS ON THE AIR——The FCC records
now show that 497 TV stations are operating, with 414 using the very-
high bands and 83 the u.h.f. channels. As we went to press, the following
received authorizations to telecast: Central Minnesota Television Co.,
Alexandria| Minnesota——channel 7 (174 — 180 mc.) with a visual e.r.p. of
26.3 kw.; Beehive Telecasting Corp., Provo, Utah—~Channel 11 (198-204 mc.)
with & visual e.r.p. of 3.029 kw.; Greenwood Broadcasting Co., Greenwood,
Mississippi—channel 6 (82-88 mc.) with a visual e.r.p. of 30.4 kw.-30-

March, 1958 21
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Proved by use in all branches of the Army, Navy and Air Force

UNIVERSITY
I.OUDSPEAKERS
CERTIFIED BY
FCDA FOR

For latest
Product Catalog
_ containing full
R & technical data
write to:

Desk S -1
University Loudspeakers, Inc
80 South Kensico Avenue
White Plains, N. Y.

*Federal Civil Defense Administration

SPECIFY THE BEST... SPECIFY UNIVERSITY

[3 LISTEN /éwng sounde bollbr.

University products are protected by U.S. Patents: 163,816; 2,494,134, 2,532,413; 2,532,414; 2,538,02¢; 2,545,?6];
2.546.343; 2,548,344; 2,550,359; 2,841,329; 2,690.231; 2,746,558; 2,751,9%6; 2,755,343; and other patents pending.

22 RADIO & TV NEWS
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25 BIG KITS

;8 Sample Lesson. Let the facts
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Clip and Mail the Coupon Below—Now!
" Train in Spare Hours at Home
for the Best Jobs and Big Pay in

Radio-Television

—my new, faster way!

Want Proof? Send for my
big FREE CATALOG and

speak for themselves!
Why wait—~get into Radio-Television fast!
I will train you in as little as 10 months
to step into the top paying Radio-Tele-
vision field as a much-needed Service
Technician! You will train entirely at
home in your spare time...which means
you can train as fast or as slowly as you
like. ‘You have a choice of THREE Sprayberry Training Plans . . .
one exactly suited to your needs. My easier-than-ever payment terms
make it possible for you to get set for the good jobs in Radio-Tele-
vision without the slightest strain on your budget! Get the true facts
. just mail the coupon for my big new 56 page fact-filled catalog
plus actual sample lesson—both FREE.

REALLY PRACTICAL TRAINING—NO PREVIOUS EXPERIENCE NEEDED

My students do better because I train both the mind and the hands.
Sprayberry Training is offered in 25 individual training units, each includes
a practice giving kit of parts and equipment . . . all yours to keep. You
will gain priceless practical experience building the specially engineered
Sprayberry Television Training Receiver, Two-Band Radio "Set, Signal
Generator, Audio Tester and the new Sprayberry 18 range Multi-Tester,
plus other test units, You will have a complete set of Radio-TV test equip-
ment to start your own shop. My lessons are regularly revised and every
impostant new development is covered. My graduates are completely
trained Radio-Television Service Technicians.

Frank L. Sprayberry
Educational Director

NEWEST MAIL THE COUPON—See what's ahead in
DEVELO N Radio-TV. . . No Salesman Will Call On You!
E PMENT The coupon below brings you my big new catalog
Your training plus an actual sample Sprayberry Lesson. I invite
covers U HF, Color you to read the facts . . . to see that I actually illus-
Television, F M, trate every item in my training. With the facts in
Oscilloscope your hands, you will be able to decide. No salesman
Servicing, High | wijll call on you. The coupon places you under no
Fidelity Sound obligation. Mail it now, today, and get ready for
and Transistors. your place in Radio-Television.

SPRAYBERRY ACADEMY OF RADIO-TELEVISION

1512 Jarvis Avenue, Dept. 25-E, Chicago 26, lllinois

~ Mail This Coupon For Free Facts and Sample Lesson

ﬂ’m—" B SPRAYBERRY ACADEMY OF RADIO-TELEVISION .
O MAKE monry g ] Dept. 25-E, 1512 Jarvis Avenve, Chicago 26, lil. )
Rad,o elewslon Please rush all information_ on your ALL-NEW Radio-Tefe- *
vision Training Plon. 1 understand this does not obligate me
and that no salesman will call upon me. Include New Cata-
fog and Sample Lesson FREE.

Name Age.

Address.

City. Zone State

—— o

23
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Tests any tube in 8 to 12 seconds ..

1‘249 so,

{;‘o"B'c‘i.'a’s) NET

. including handling of tube test data card.

Here is the new, low cost version of the famous Hickok Cardmatic so popular
with leading lab engineers. Especially designed for high speed service work,
this new 121 is high quality in a lightweight portable ... and the price is low too.

The Hickok Cardmatic switch sets up all tests automatically and eliminates
fussing around with adjustments. You can accurately check a tube for dynamic
mutual conductance, controlled emission, cutoff point "Knee' point, shorts,
leakage, gas and voltage drop . . . and rectifier tubes at their rated loads.
Any way you look at it, this new automatic tube testing machine will be helpful
to you in your work. It will pay for itself in a very short time . .. and give you
many years of accurate dependable service.

The new_121 incorporates a fully auto-
matic -mechanism. actually incorporat-
ing 187 indiyidual switches providing
an almost unlimited number of voltage

combinations to any tube element..This

mechdnism 'has ‘been life tested .in a
cycling process over 100,000 times—
without fail, and has proven superior
to all other switching arrangements.

www americanradiohistorv com

 MODEL

- 320 heaier vohage =

i -
146 ﬂxed buus potentluls.

640 plate- volwges

=
%**screen voliuges

XIOO self B as seﬂij}g

lOOOg‘qunIlty-valgye :
gg Insggnt sharts mdlcahon

- ‘éAUTOMAmAuYI :

; Achve card maguzme holds over 600

cards mstd’mly available wnh time sav-
‘ing automatic filing feature.

SEE THE 12

.

Now is the time to0...
TRADE UP TO A HICKOK

Ask for a demonstration of the new 121
or write for descriptive literature.

THE HICKOK ELECTRICAL INSTRUMENT CO.

10524 Dupont Avenue L] Cleveland 8, Ohio

RADIO & TV NEWS
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RCA INSTITUTES offers you the et
finest of home study training. The equipment
illustrated and text material you get with each
course is yours to keep. Practical work with very
first lesson. Courses for the beginner and the
advanced student. Pay-as-you-learn. You need pay 350 West Fourth Street, New York 14, N. Y.

for Only oHe study group at a time. Without obligation, send me FREE 52 page CATALOG on Home

~
|
|
|
= | Study Courses in Radio, Television and Color TV. No salesman
Send for this | i
|
|
|
|
I
I
|
!
1

-

RCA INSTITUTES, Inc. Home Study Dept. N-38

FREE Book Now

RESIDENT SCHOOL courses in New York City offer com-
prehensive training in Television and Electronies. Day and
evening classes start four times each year.

Detailed information on request

Korean Vets! Enter discharge dote............ciiiiiiieinnininaianns

In Canada — RCA Victor Co., Ltd.
5001 Cote de Liesse Rd., Montreal 9, Que.

To save time, paste coupon on postcard.

March, 1958 25
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Others try to imitate it...but no tape equals
§COTCH 200 Tensilized Double-Length Tape!

This is the original no-break, no-stretch tape that plays twice as long . . . and you
can't buy better! “SCOTCH" Brand waited until it had perfected an extended
play tape of unmatched quality. Now, here itis—*SCOTCH" 200 Tensilized Double-
Length Tape—first to give you a Polyester backing with an ultimate tensile strength
of 6.8 Ibs! And it's the only tape of its kind that offers silicone lubrication,
genuine built-in protection for your recorder head. Why settle for imitations when
the original and best costs no more? Today, see your dealer for areel of “SCOTCH”
200 Tensilized Double-Length Tape, newest of the “Tapes you can trust”,

MmussorA mess aAND \IANUFACTURING cOMPANY

+esWHERE RESEARCH IS THE XKEY TO TOMORROW

‘The term ""Scotch" s a registered trademark of 3M Company, St. Paul 6, Minn. Export: 99 Park Avenue, New York. Canada: London, Ontario. © 3M Co., 1958.
26 RADIO & TV NEWS
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iS€ KITS BY MAIL...

frnm. Your Local

40-WATT 5

AMPLIFIER £°2

Precise Mode! AM4OK Kit Form...... $69.95
Precise Model AMAOW Fuactory Wired 89.95

Engineered Pow E R lA B

For all your electrical needs!

For the first time in the industry, one instrument
takes the place of more than 11 pieces of equip-
ment. ... Here’s what you get:

@ A BATTERY ELIMINATOR
tor 6v and 12v radios

@® A BATTERY CHARGER up to 24 volts

@ A HIGH CURRENT LINE VOLTAGE VARIAC
— up to 10 amperes

@ AN AC LINE VOLTAGE METER

AN AC LINE AMMETER

AN AC LINE WATTMETER

AN AC LINE ISOLATION TRANSFORMER

—~ 100w or 300w

A LOW VOLTAGE, HIGH CURRENT

AC SUPPLY — 24v at 10 amperes

A DC LINE VOLTAGE VARIABLE SUPPLY

A DC HIGH CURRENT AMMETER

™
®
®
°
°
°
® AN AGC BIAS BOX

Parts Distributor!

Precise
Engineered

5 SCOPE

UP to 9 me¢
FLAT to 5 mc

for color work

After you've built this
scope, you'll be amazed
at its versatility, No other ‘scope below a
$100.00 can meet all of its specifications. De-
sign features include push-pull vertical and
horizontal . . . high sensitivity . . . 5CP1 tube
with post acceleration . . . frequency compen.
sated stepping attenuators for both vertical
and horizonta? . . . focus, intensity and astig-
matism controls . . . and calibration output
voltage, Vertical amps ore flat through 5 me
8 db through 9 mec. Sensitivity is 10 mv/cm.
Horizontal amps within & &6 db through 500 ke,
have frequency compensated stepping attenua-
tor input and cathode follower to assure linear
horizontal trace. Hard vacuum sweep frequen-
cies with sufficient expansion to see color bursts
clearly, and a sensitivily approximately 40
mv/cm, made this instrument the exceptional
buy of the year.

Precise Model 3151K  Kit Form
Precise Model 3151W  Factory Wired

Wt s

by
-4 R B s sy
i &

o

Precise Model isotation
711K KIT FORM .o $49.95 100w
711W  FACTORY WIRED ... 64.95 100w
713K  KIT FORM .. . 62,95 300w
713w  FACTORY WIRED ... 79.95 300w

You benefit from faster delivery, lower price, postage savings, and the personal local
service of your nearby paris distributor when you order by mail . .. if you are close
enough, drop by and see the top quality parts included in each kit. Here are 8 of the
many PRECISE distributors who are ready to serve you. Use the handy coupon to

order your PRECISE kit by mail.
DAVIS ELECTRONICS

204 Main Street
Hempstead, New York

FEDERATED PURCHASER
11275 Olympic Blvd.
Los Angeles, Calif.

BOULDER DISTRIBUTING FISTELLS ELECTRONIC

1840 - 24th Street
Boulder, Colorado

VARIETY ELECTRONICS

Bloomfield Ave. at State St.
Bloomfield, New Jersey

SUPPLY (0.

1001 Bannock Street
Denver 4, Colorade
WARREN RADIO

1002 Adams Street
Toledo, Ohio

ow YOU '.cl_l;ﬂifbhbl:_ﬁ_ -
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“ DPC: 0—1,5—5-15—-50—150—500—1500 V.
! AC: (RMS) 0—1.5—5—15—50—150—500~-1500 V.

7 Tube Complement:

]

i

#r Printed-Circuit
7 Yoltage-Regulated
# Peak-to-Peak

VTVM

featuring the

TILTING METER

MOVEMENT and ;
MAGIC LEAD &
SWITCH

Here’s another all-new precise-engineered in.

strument, designed with you in mind...to
make it easier and convenient as you ftest.
Along with the all-new features of voltage
regulation, printed circuitry and etched front
panel . . _you have the exclusive Meter Move-
ment Tilt, which permits you to turn the meter
face to your eye level for more accurate read-
ings no matter where on the bench you place
the VIVM...plus the MAGIC LEAD SWITCH
that permits you automatically to short and
open leads for zero or infinite adjust without
removing the leads, from the circuit under test.
Compare this meter with any other available
today, and you’ll know that precise-engineered
means engineered to give you your dollars
worth,
@ Frequency Range: Up to 250 mc with Precise
Model 912 Probe (available at extra cost)
@ Voltage Range: Up to 30,000 V with Precise
999 HV Probe (available at extra cost)
@ Special true zero alignment scale for FM and
TV discriminators
@ Burn-out proof Meter Circuit
® Complete with fest leads and internal battery
® RUGGED Oversize 412" TILT Mefer
@ Reads p-p and RMS voltages

RANGES:

AC: (P-P) 0—4, 14, 40, 140, 1400 V.

OHMS: Rx1x10x100x1000x10,000x100,000 Meg
from .2 ohms to over 1 Billion ohms,

Input Impedance of DC = 11 Megohms

12AU7, 6AL5, Selenium

Rectifier Transformer Supply

Precise Model 904K Kit Form.....

 checked separately.

. gives an average evaluation for the tube over
: an extended range of operation. Connects test
© voltages to each tube element.
' rotary switch to check each element against

. cludes provisions for testing all prong types.

7

Mutual Conductance
and Emission

TUBE TESTER

Here is a tester that
actually checks a tube
for its applications,
not whether it is
just good or bad.

n the Model
111, GM and
Emission are

It is the first and only device
that measures 600-mil tubes on

a meter Sweeps from 0 through the normal test-
ing range when making measurements, which

Uses a single

every other element for shorts, whether they're
hot or cold. Measures tube bias directly on
meter. Features a no-backlash roll chart. In-

Cathode-Ray tubes may also be checked with
the use of an adaptor. An exceptional instru-
ment for the shop, one that has won an impar-
tial independent scientific survey hands down.

Precise Model 111K Kit Form o $ 7995
Precise Model 111W Factory Wired. ... 139.95

Mr. Precise Distributor:
| would like to order the following Precise kits:

[] Model 711K [J Model 111K
[ 904W [0 Model 711W [ Model 111W
[J 3151 Kit [0 Model 713K [ Model 116K
[13151 Wired [ Model 713W [J Model 116W

Please send kits COD [ Bill my account [3
Remittance Enclosed, Ship Prepaid [

] 904K

See your dealer for a complete

Py

test equipment bench engineered by Precise.

wwwW americanradiohistorv com

Print Name Clearly

Street Address

I
1
I
1
1
1
|
I
I
1
1
|
I
1

City & State

e e P e T P e =P Pt

27


www.americanradiohistory.com

For a tight grip

in tight places._..
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ASK YOUR'TOOL SUPPLIER .
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LOWELL S. ("LOU") PELFREY, who has
been active in the development pro-
gram at Interna-
tional Rectifier Cor-
poration since 1953,
has been named di-
rector of research
and development.

Mr. Pelfrey was
graduated from the
University of Ken-
tucky in 1937 and
has been active in the semiconductor
field since 1944. With the company, he
has performed much work in the puri-
fying of germanium and silicon and in
the production of single crystals of
these materials. .

His developments have led to the in-
troduction of several new devices, such
as high temperature germanium
diodes, germanium mixer diodes for
television, and several types of silicon
diodes for radar.

HI-FONIC MUSIC SYSTEMS, INC., Palo
Alto, Calif., has changed its name to
ALTO FONIC MUSIC SYSTEMS., INC.

. ELECTRO-CONTACTS, INC. of Oster-
ville, Mass. has entered the slip ring
field . . . DIAMOND CALK HORSESHOE
CO. has changed its name to DIAMOND
TOOL AND HORSESHOE CO. The year
1958 marks the 50th Anniversary of
the firm . . . Announcement is made of
a new organization in the electronics
industry under the name of QUAN-
TECH LABORATORIES. The firm is
located at 236 Mt. Kemble Avenue,
Morristown, New Jersey and will pro-
duce a line of electronic instruments
and measuring equipment for labora-
tory and industrial wuse, including
power supplies and special purpose
amplifiers. John M. van Beuren is gen-
eral manager, Alan P. Stansbury is
chief engineer, and Fred R. Stampfli is
business manager of the new organiza-
tion.

* * Ed
INSTITUTE OF RADIO ENGINEERS, INC.
has appointed six members to the
Board for 1958.

Reappointed as treasurer of the
group is W.R.G. Baker, vice-president
for research of Syracuse University
and former vice-president of elec-
tronics, General Hlectric Company.
Haraden Pratt has been appointed to
his sixteenth term as secretary and
John D. Ryder, Dean of Engineering,
Michigan State University, is now
editor of the IRE.

Appointed as directors are Alfred
N. Goldsmith, consulting engineer and
editor emeritus of the Institute; D. B.
Sinclair, vice-president of engineering,
General Radio Corp.; and Ernst
Weber, president of the Polytechnic

wwWwW americanradiohistorv com

Institute . of Brooklyn and president
of Polytechnic Research and Develop-
ment Company, Brooklyn, N, Y.
* * £

RTTY has announced that its fourth
annual dinner will be held in New
York City on Monday, March 24, 1958.
This dinner is held each year during
the IRE show so that amateur radio-
teletypers from across the nation can
attend.

The guest of honor will be Bruce H.
Rowlings, ZL1WDB, from New Zealand
and one of the first overseas amateur
operators to use radioteletype.

An attendance of 70 is expected and
reservations for the dinner must be
made in advance ($7.00). These may
be obtained from Clayton Cool,
W2EBZ, editor of the ARTS bulletin,
443 West 47th St., New York 36, N. Y.

FRANK RANDALL has been appointed
president of Amperex Electronic Cor-
poration, Hicksville,
Long Island, New
York. The company
manufactures elec-
tron tubes and
semiconductors for
defense, communi-
cations, and indus-
try.

Mr. Randall had
been vice-president and general sales
manager for the organization prior to
his new appointment.

His promotion was announced by Mr.
Pieter van den Berg, chairman of the
board of directors.

MERIT COIL & TRANSFORMER CORP. is
planning a new building in Hollywood,
Florida. This 12,000 square foot addi-
tion to the firm’s Florida plant will
provide warehousing facilities to serve
Southeastern distributors . . . JOHN-
SON ELECTRONICS INC. has moved to
a new, modern building in Casselberry,
Florida . . . Announcement has been
made by UNITED ELECTRODYNAMICS,
Pasadena, Calif., of the opening of a
new facility to be called the UNITED
TESTING LABORATORIES. This move
represents a separation and expansion
of the research and commercial testing
operations carried on by ihe company
for a number of years ... PIC DESIGN
CORP. has announced the establish-
ment of an office at 7335 Van Nuys
Blvd.,, Van Nuys, California for the
convenience of its West Coast cus-
tomers FOTO-VIDEO LABORA-
TORIES, INC. announces that it has
acquired a new 10,000 square foot plant
in Cedar Grove, New Jersey as part
of a general expansion program . . .
Shrewsbury, Mass. will be the new
home of the PHALO PLASTICS CORPO-

RADIO & TV NEWS
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This is a brand new edition of the book
which has launched thousands of men
on good-paying careers in radio-TV-elec-
tronics.

It brings you completely up to date—
answers important questions on newest
career developments in electronics, in-
cluding Radar, Guided Missiles, Servo-
mechanisms, Computers, as well as
Aeronautical Electronics, Broadcasting
(AM, FM, TV), Military, Navy and
CAA Electronics, Communications and
Electronics Manufacturing.

This book, “Your Future in the New
World of Electronics,” also shows you
how CREI Home Study leads the way
to greater earnings in the booming elec-
tronics world.

However, CREI does not promise you a
“snap.” With accredited teclnical
school curricula such as CREI offers,
you must study to convert your ambition
into technical knowledge which you can
sell in the fabulous field of Electronics.
Since its founding in 1927, CREI has
provided thousands of professional elec-
tronics men with technical educations.
During World War II, CREI trained
thousands for the Armed Services. Lead-
ing firms recommend CREI training for
their own personnel. Among them:
United Air Lines, Canadian Broadcast-
ing Corporation, Trans-Canada Airlines,
Douglas Aircraft Co.. The Martin Co.,
Columbia Broadcasting System, All-
American Cables and Radio,.Inc., Gates
Radio Co., Canadair, Ltd.. Federal Elec-
tric Corp., and U. S. Information Agen-
cy (Voice of America).

CREI courses are prepared by recog-
nized experts, in a practical, easily un-
derstood manner, and constantly re-
vised to meet the new electronic chal-
lenges of our time.. You get the henefit
of time-tested study assignments under
the personal supervision of a CREI
staff instructor. Your studies are ac-
complished on your own time. during
hours selected by you, and controlled
by your own will power. This complete
training is the reason that graduates
find their CREI diplomas keys-to-suc-
cess in even the most advanced of elec-
tronic applications. CREI alumni hold
top positions in America’s leading firms.
At your service is the CREI Placement

March, 1958

The data that launched thousands
of careers 18 yours FREE

TELLS how you can be successful in

ELECTRONICS... including:

Guided Missiles . . . Radar . .

. Instrumentation . . . Com-

puters. .. Automation . .. Astronautics . . . Servomechanisms
. . . Aeronautical Electronics . .. Telemetering . . . Communi-
cations . . . Manufacturing . . . Television . . . Broadcasting

Send for your Free Copy today!

Bureau, which helps to find positions for
advanced studerts and
though CREI does not guarantee jobs.
Fill out the coupon below completely
and mail it now. We’ll promptly send
you your free copy of “Your Future in
the New World of Electronics.” The
rest—ryour future—is up to you!

NOT FOR BEGINNERS

If you have the equivalent of a high
school education, and are good at mathe-

graduates, al-

CAPITOL RADIO ENGINEERING |NST|TUTE
FCPD Accredited Technical Institute Curricula—Founded 1927

matics, if you have some electronics ex-
perience (advanced amateur, military
or industrial) ,—and realize the need of
high-level technical knowledge to make
good in the better electronic jobs—you
can qualify for CREI home study train-
ing. (Electronic experience is not re-
quired for admission to CREI Resi-
dence School). Mail coupon today, or
write Capitol Radio Engineering Insti-
tute, Dept. 113-E. 3224 16th St., N.W,,
Washington 10, D. C.

CRE!I ALSO OFFERS RESIDENCE
TRAINING at the same high tech-
nical level in Washington, D.C. Classes
start at regular intervals. Qualified
res:dence school graduates earn de-
gree, ""Associate in Applied Science.

Check coupon if you prefer residence
study.,

VETERANS: If eligible for training un
der the 2ew G./. Bill of Rights, check
the couoon for full information.

INDUSTRY CALLS FOR
CREI TRAINING
BY NAME .

SO SHOULD YOU!

<— Here you see an actual help
wanted ad from the San Fran-
cisco FEwxaminer, one of many
which specify “CREI or equal”
training. This shows that indus-
try approves CREI training,
even insists on It.

YOU FORGET IT!

To help us answer your re-
quest intelligently, please

Dept. 113-E, 3224 16th St, N.W. Washington 10, D. C. | give the following infor-
Please send me your course outline and FREE illustrated [alicn
Booklet 'Your Future in the New World of Electronics" EMPLOYED
. describing opportunities and CREl home study courses BY

in Electronic Engineering Technology.

[J Radar, Servo and Computer Engineering

TYPE OF

EDUCATION:
YEARS HIGH SCHOOL .

YEARS COLLEGE___
ELECTRONICS

Age EXPERIENCE

Technology
CHECK [0 Electronic Engineering Technology B
FIELD OF /[ Broadcast [AM, FM, TV} Engineering
GREATEST Technology
INTEREST J O Television Engineering Technology
[] Aeronautical Electronic Engineering
Technology
Name
Street
City Zone State

Check: ] Home Study [7] Residence School [} Korean Veteran

wWwWWwW americanradiohistorv com
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RATION. The building will include 110,-
000 square feet of space and the new
address will be 530 Boston Turnpike
. REEVES SOUNDCRAFT CORPO-
RATION is building a new magnetic
tape plant in Danbury, Conn. . .
WESTINGHOUSE ELECTRIC CORPORA-
TION has opened a new apparatus
office in Compton, California . . .
new 22000 square foot engineering
building has been opened by GENERAL
PRECISION LABORATORY INCORPO-
RATED, Pleasantville, N. Y. . .. MAG-
NETIC RESEARCH CORPORATION an-
nounces the formation of the firm's
new Stablvolt division at 200 Center
St., El Segundo, Calif. ... ACOUSTICA
ASSOCIATES, INC. has opened its
fourth plant at 11601 West Jefferson
Blvd., Culver C1ty, Cahf '

RADIO CORPORATION OF AMERICA has
awarded thirty undergraduate scholar-
ships and one graduate fellowship in a
new program to encourage students to
prepare for science teaching careers.

The first Science Teacher Scholar-
ships have been established at twenty
colleges and universities in sixteen
states where a survey by the corpora-
tion's education committee showed the
shortage of such teachers to be most
critical.

The first Science Teacher Fellow-
ship, valued at $3000, has been estab-
lished at Purdue University, West La-
fayette, Indlana

JOSHUA GINSPARG has been named
chief industrial engineer of Shure
Brothers, Inc. i

Mr. Ginsparg has ﬁ" g
been associated
with the company
for eleven years.
For the past five
yvears he has been
the superintendent
of assembly depart-
ments. Previously (%%
he was a methods engineer and super-
visor of assembly departments.

He attended Tufts College and did
post-graduate work at the Stevens In-
stitute of Technology. He is a member
of the American Society of Quality
Control.

HOWARD W, SAMS, head of the Indian-
apolis electronic engineering and pub-
lishing firm bearing his name, has re-
sumed the presidency of Waldemar
Press, Inc. ... J. € MAXWELL has
been elected to the board of directors
of General Precision Equipment Corp.

. SAMUEL B. FISHBEIN has been
appointed assistant general sales man-
ager of the military operations depart-
ment of Allen B. Du Mont Laboratories,
Inc. . . . ALBERT BOYD, Major General,
retired, U.S. Air Force, has joined
Westinghouse Electric Corp. as con-
sultant and advisor to the group gen-
eral manager, defense products . ..
ROBERT H. WEEKS, JR. has been named
assistant division manager for the Edi-
son storage battery division, Thomas
A. Edison Industries, McGraw-Edison

(Continued on page 148)
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Completion of the Master U luepare ynu forias
irst: F]&H& Cﬂ"'l'li'l'i-'-tr'la 05 Licenae w.lt.h i 1agdar endorsement. Coni-0
ot 1 t}m ]ﬂaﬁt&r {nmsp will prepare wou - Tor &
Al rige, We guarantee to train and coach
; Swithout any additional cc-st until you receive the FOC Licensze as:
mdmatﬁd:ahm-e; Tb-q il a.nntm -'La-xahd ‘I'clr ‘the em:ns p:lrmd u'E yr:ur'

Boyd Daugherty:

“I recently secured a position as Test Engineer with Melpar,
Inc. A substantial salary increase was involved. My Cleveland
Institute training played a major role in qualifying me for
this position.”

Boyd Daugherty

105 Goodwin Ct., Apt. C
Falls Church, Va.

Top Grade Employers Like These Look

Bendix Radio: “We shall look forward to receiving completed
: applications from your students.”

Philco: “We have employed a great number of well quali-
fied electronics personnel who were graduates of
Cleveland Institute.”

Wesﬁnghouse: “We would appreciate your listing our current
openings in your monthly Job Opportunities.”

T
A

RADIO & TV NEWS
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here’s proof . . .

Name and Address License

Walter Eggers, Pacific Grove

Paul Reichert, West Salem; Ohio
Harold: Phipps, La Porte, Indiana
John K. Johnson, Boise City, Okla.
James Faint, Johnstown, Pa.

James Glen:

T P A e T BT

1st
Ind
1st

2nd

Tst

When Jim enrolled, he was a tem-
porary employee of the City of
Tacoma, Washington. In the space
of 14 months, he completed the
Master Course and received his
first class license. He is now in-
stalling and maintaining mobile
and microwave equipment.

James S. Glen, Jr.
2920 Knob Hill Road
Tacoma, Washington

To Cleveland Institute

Aerojet-General Goodyear Atomic Corp.
IBM

American Airlines

American Telephone & International Telephone

Telegraph Co. & Telegraph Co.
Bendix Radio Mohawk Airlines
Braniff Airways Motorola
Burroughs Corp. North American
Capital Airlines Aviation, Inc.
Continental Northwest Airlines

Air Lines, Inc. Philco
Convair RCA
General Electric Ryan Aeronautical Co.
Glenn L. Martin Co. “Plus many others

ks

March, 1958

Time
12 weeks

10 weeks

28 weeks
12- weeks
26 weeks

B T

[P

ia'.,).' . w .

Desk RN-15, 4900 Euclid Ave., Cleveland 3, Ohia

s — e s aein e wmmen e Wt oo SEMG

marl
coupon

Now!

successiul |
Electronlcs
Training

Please send Free Booklets prepared to help R "“ |
me get ahead in Electronics. | ‘have had \/ -
training or experience in Electronics as in- [
dicated below:
[ Military [] Broadcasting
[] Radio-TV Servicing [[] Home Experimenting |
[] Manufacturing [] Telephone Company |
[] Amateur Radio [] Other ..ccoovvinirnnnnnins
In what kind of work are you In what branch of Electronics
now engaged? ... are you interested? ................
IO et it ee i eee e e e et deske e st eesbbeebee s e erme semmmasn e ane s s e sansese e s aene e Age l
AdAress  coooieiriiiie et et et st et e e e e E g\ R e e s ro ‘
o] ¥ RIS S T Zone......., ... State............ e
Special Tuition Rates to Members of Armed Forces Desk RN-15 ‘

3
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Now—See How to Save Hundreds of Dollars,
G tVMore Fun Out of High Fldellty'

1858
Editien

Latest Ideas for Buying, Improving, Using Hi-Fi
Systems & Components < Ways to Make
Monaural & Stereo Tapes ¥ Best Records
Rolloff, Turnover Settings * FM Stations &
Listings v ‘‘Do-it-Yourself’ Techniques x New
Inventions & Improvements in Speakers, Amps,
Preamps, Tuners, Crossovers, Tape, Stereo,
Controls, Turntables, Heads + FREE Strobe
Test Disc  Where to get Free Hi-Fi Litera-
ture ¥ 164 Pages s Hundreds of Pictures!

. Actually 3 Books in 1
1. IMPROVING YOUR HI-Fi. How to use tone

controls. How crossovers work. Ways to boost speaker performance.
o Why you need loudness controls, how to add them. How to add extra

speakers to your rig. How to add a spotlight with presence control . . . tricks of
accenting a vocalist or soloist by accenting the middle sound frequencies. Effects of
variable damping in amplifiers. How to check your phono’s pickup and keep it
working at peak efficiency. Ways to check a stylus.

2. TAPE TECHNIQUES. How to get the most out of fape. How to keep

tape in top shape. How to tape programs directly off the air . . . step-by-step instruc-
tions and pictures. Expert hints and shortcuts on making good tape recordings.
How to check a tape recording head to ascertain alignment. Complete guide to
tape splicing for interesting effects.

3. GETTING INTO STEREO. What stereo is. Latest advances. What the

different stereo systems are. What stereo equipment is available. How to add
stereo to your present rig. Merits and drawback of different systems. What they
cost. Tricks of the trade.

A RICH SOURCE OF PRACTICAL

Many thousands of hi-fi fans knew a good thing
when they saw the first edition of the Hi-Fi
Guide and Yearbook. Newsstands were cleaned
out in a matter of days and the book became
a collector’s item.

The new 1958 Edition of the Hi-Fi Guide and
Yearbook is on sale now everywhere. It contains
completely new material on every facet of high
fidelity . . . from an advance report on 16245 rpm
(*“The- Fourth Speed’”), to guidance on adding
stereophonic sound to your present set-up.

This new Hi-Fi Guide and Yearbook will
return many times the $1 you pay for it . . .

by showing how to shop wisely for equipment,
how to save on repairs, which records are best,
and money-saving techniques and ideas available
nowhere else.

It will be a continually entertaining companion

. providing you with fascinating, useful lore,
showing you how to get more pleasure out of
hi-fi, helping you explore the different worlds of
high fidelity and music.

This new edition is selling fast. So get your
copy today. Don’t miss the 1958 Edition of Hi-Fi
Guide and Yearbook, a handsome and practical
book you’re sure to enjoy.

(0], SALlE» NoOwW at Newsstands

and Radio Stores » Only ¢1

Zlff-Daws Publishing (:o., 64 E. Lake 1‘Street Chlcago 1 lil.

32 RADIO & TV NEWS

www americanradiohistorv com


www.americanradiohistory.com

the
experts say..

BETTER ENGINEERING Since 1945 EICO has pioneered the
concept of test instruments in casy-to-build kit form — has become world-famous
for laboratory- precision instruments at low cost. Now EICO is applying its vast
experience to the creative engineering of high fidelity. Result: high praise from such
authorities as Canby of AUDIO, Marshall of AUDIOCRAFT, Holt of HIGH FIDELITY,

Fantel of POPULAR ELECTRONICS, Stocklin of RADIO TV NEWS, etc. —
as well as {rom the critical professional engineers in the field.7

SAVE 5009, Mass purchasing, and a price policy deliberately aimed to encourage mass sales,

make this possible.

EASY INSTRUCTIONS You need no previous technical or assembly experience to build any

LICO kit — the instructions are simple, step-by-step, “beginner-tested.”

DOUBLE 5-WAY GUARANTEE Both EICO, and your neighborhood distributor,

guarantee the parts, instructions, performance . .
for any EICO kit or wired unit.

calibration at nominal cost . . .

BEFORE YOU BUY, COMPARE At any of 1200 neighborhood EICO distributors
coast to coast, you may examine and listen to any EICO component. Compare
critically with equipment several times the EICO cost — then you judge.

. as well as lifetime service and

You'll see why the experts recommend EICO, kit or wired, as best buy.
i Thousands of unsolicited testimonials on file.

" HFT90 FM Tuner
with “eye-tronic” tuning

HFS2 Speaker System: Uniform loading & natural
bass 30-200 cps achieved via slot-loaded split
conical bass horn** of 12-ft path. Middles & lower
highs from front side of 814" cone, edge-damped
& stiffened for smooth uncolored response. Suspen-
sionless, distortionless spike-shaped super-tweeter**
radiates omni-directionally. Flat 45-20,000 cps, useful

to 30 cps. 16 ohms. HWD: 36”7, 151/4", 11157,
‘.. . rates as excellent ... unusually musical . . .
really non-directional”’ — Canby, AUDIO. ‘‘Very
impressive’’ .~ Marshall (AUDIOCRAFT). Walnut or

Mahogany, $139.95. Blonde, $144.95.

HFT90 FM Tuner equals or surpasses wired tuners
up to 3X its cost. New, pre-wired, pre-aligned, tem-
perature-compensated ‘‘front end’’—drift-free. Sen-
sitivity, 1.5 uv for 20 db quieting, is 6X that of
other kit tuners. DM-70 traveling tuning eye. Re-
sponse 20-20,000 cps =1 db. Cathode follower &
muitiplex outputs. Kit $39.95*, Wired $65.95*. Cover
$3.95. *Less cover, excise tax incl.

HF61A Preamplifier, providing the most complete
control & switching facilities, and the finest design,
offered in a kit preamplifier, *. . ., rivals the most
expensive preamps . . . is an example of high
engineering skill which achieves fine performance
with simple means and low cost.””—Joseph Marshall,
AUDIOCRAFT. HF61A Kit $24.95, Wired $37.95, HF61
{with Power Supply) Kit $29.95. Wired $44.95.

HF60 60-Watt Ultra Linear Power Amplifier, with Acro
70-330 Output Transformer, provides wide band-
width, virtually absolute stability and flawless tran-
sient response. ' . is one of the best-performing
amplifiers extant; it is obviousl; an excellent buy.”
—AUDIOCRAFT Kit Report. Kit $72.95. Wired $99.95.
Matching Cover E-2 $4.50.

,___—w,_———q——-ﬁ .

T Gt PBHEY ST CONTRO!
@ @ -

HF61 Preamplifier

HF50 50-Watt Ultra-Linear Power Amplifier with ex-
tremely high quality Chicago Standard Output Trans-
former. Identical in every other respect to HF60 and
same specifications up to 50 watts. Kit $57.95. Wired
$87.95. Matching Cover E-2 $4.50.

HF30 30-Watt Power Amplifier employs 4-EL84
high power sensitivity output tubes in push-pull
parallel, permits Williamson circuit with large feed-
back & high stability. 2-EZ81 full-wave rectifiers for
highly reliable power supply. Unmatched value in
medium-power professional ‘amplifiers. Kit $39.95.
Wired $62.95. Matching Cover E-3 $3.95.

HF-32 30-Watt integrated Amplifier Kit $57.95.
Wired $89.95.

HF52 50-Watt Integrated Amplifier with complete
“‘front end'’ facilities and Chicago Standard Output
Transformer. Ultra-Linear power amplifier essentially
identical to HF50. The least expensive means to the
highest audio quality resulting from distortion-free
high power, virtually absolute stability, flawless
transient response and ‘‘front end’ versatility.
Kit $69.95, Wired $109.95. Matching Cover E-1 $4.50.

HF20 20-Watt Integrated Amplifier, complete with
finest preamp-control facilities, excellent output
transformer that handies 34 watts peak power, plus
a full Ultra-Linear Williamson power amplifier circuit.
Highly praised by purchasers, it is established as
the outstanding value in amplifiers of this class.
Kit $49.95. Wired $79.95. Matching Cover E-1 $4.50.

Prices 5% higher in the West

®
HF52, HF20 ;
Integrated Amplifiers

March, 1958

HFIZ Integrated Amplifier

33-00 Northern Boulevard, L. 1. C. 1, M. Y.

Over 1 Million EICO instruments in use the world over.
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HF30 Power Amplifier-

gE/COY

in Hngh Idelity the best buys s and WAE
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" HFS2
Speaker System

TMEMaiR

W
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K
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HF12 12-Watt Integrated Amplifier, absolutely free of
“‘gimmicks’’, provides complete ‘‘front end” facili-
ties & true fidelity performance of such excellence
that we can recommend it for any medium-power high
fidelity application. Two HF12’s are excellent for
stereo, each connecting directly to a tape head with
no other electronic equipment required. Kit $34.95.
Wired $57.95.

HFS1 Two-Way Speaker System, complete with fac-
tory-built cabinet. Jensen 8” woofer, matching Jensen
compression-driver exponential horn tweeter. Smooth
clean bass; crisp extended hlghs. 70-12,000 ¢ps = 6
db. Capacny 25 w. Impedance 8 ohms. HWD:
11”7 x 23” x 9”. Wiring time 15 min. Price $39.95,

THE HI-FI EXPERTS SAY:
““For those who have been looking for a well-
engineered yet inexpensive power amplifier, the
newly-refeased EICO Mode! HF20 unit might offer
a simple solution to their problem. Not only does
this unit provide 20 watts of power but the cir-
cuit incorporates a preamplifier and a variety of
controls on a single chassis."
William A, Stocklin, Editor, RADID TV NEWS
“The new EICO ‘standard’ speaker system . . .
produces sound that to my musical ears rates as
excellent, from high top to ctean low bottom."
Edward Tatnall Canby, AUDIO Magazine

Fill out coupen on ather side for FREE CATALOG

** patents pending by Hegeman Laboratories

o — — — T — —— - —
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the specs prove it ..
your BEST BUY is

for COLOR & Monochrome TV servicing

FREE CATALOG

shows you HOW TO SAVE 50%

on 50 models of top quality
professional test equipment.

MAIL COUPOKN NOW!

NEW!
TV-FM SWEEP
GENERATOR &
it MARKER #368

2 =2 @Y WIRED
% ?ﬁ_?‘ 56995 s] 1 995

Entirely eleetronic sweep circuit (no mechanical
devices) with accurately-biased inereductor for
excellent lincarity. Extremely flat RF output: new
AGC circuit automatically adjusts osc. for max.
output on cach band with min. amp). variations.
Exceptional tuning aceuracy: edge-lit hairlines
climinate paraliax. Swept Ose. Range 3-216 mc in
.5 fund. bands. Variable Marker Range 2-75 mc in
3 fund. bands; 60-225 mc on harmonic band. 4.5
e Xtal Marker Osc., xtal supplied. Ext. Marker
provision. Sweep Width 0-3 mc lowest max. devia-
tion to 0-30 mc highest max. dev. 2-way blanking.
Narrow range phasing. Attenuators: Marker Size,
RF Fine, RF Coarse {(4-step decade). Cables: out-
put, ‘scope horiz., ’scope vertical. Decp-ctched
satin aluminum pancl; rugged grey wrinkle steel
cabinet.

@}_T

NEW! RF :
SIGNAL GENERATOR - ==
#324 :

KIT WIRED M pe,
$94% 3% @ ‘3@ %

150 ke to 435 mc with ONE generator! Better
value than generators sclling 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: 150-100 ke. 400-1200 ke, 1.2-3.5 me,
3.5-11 me, 11-37 me. 37-145 me; 1 harmonic
band 111-435 me. Freq. accurate to +1.5%; 6:1
vernier tuning & excellent spread at most impor-
tant alignment freqs. Etched tuning dial, plexi-
glass windows, edge-lit hairlines. Colpitts RF osc.
directly plate-modulated 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 neceded for 30% mod. Turret-
mounted coils slug-tuned for max. accuracy. Fine
& Coarse (3-step) RF attenuators. RF output
100,000 uv; AF sinc wave output to 10 v. 50-ohm
output Z. 5-way jack-top binding posts for AF in/
out; coaxial connector & shiclded cable for RF out.
12AU7, 12AV7, sclenium rectifier; xmfr-operated.
Deep-ctched satin aluminum pancl; rugged grey
wrinkle steel cabinet.

TURN PAGE

NEW! DYNAMIC
CONDUCTANCE

UBE & TRANSISTOR
TESTER #666

J 2 KIv WIRED

= » 56995 510995

COMPLETE with steel cover and handle.

SPEED, case, unexcelled accuracy & thoroughness.
Tests all receiving tubes (and picture tubes with
adapter). Composite indication of Gm, Gp & peak
cmission. Simultancous sel of any 1 of 4 combina-
tions of 3 plate voltages, 3 screen voltages, 3 ranges
of continuously variable grid voltage (with 5%
accurate pot). New series-string voltages: for 600,
450, 300 ma types. Sensitive 200 ua meter. 5
ranges mecter sensitivity (1% shunts & 5% pot).
10 SIX-pesition lever switches: {recpoint connec-
tion of each tube pin, 10 pushbuttens: rapid insert
of any tube element in leakage test circuit & speedy
scl. of individual sections of multi-section tubes in
merit tests. Direet-reading of inter-element leakage
in ohms. New gear.driven rollehart. Checks n-p-n &
p-n-p transistors: separate meter readings of eol.
lector leakage current & Beta using internal dc
power supply. Decp-etched satin aluminum panel;
rugged grey wrinklesteclcabinet. CRA Adapter $4.50

NEW!
COLOR

and Monochrome
DCto 5MCLAB& TV
5" 0SCILLOSCOPE
#460
KiT WIRED
57995 512950

o Features DC Amplifiers!

Flat from DC-1.5 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 ¢ps-100 kc (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; edge-lit engraved lusite graph screen;
dimmer; filter; bezel fits std photo equipt. High
intensity trace CRT. 0.06 usec rise time. Push.pull
hor. ampl,, flat to 400 ke, 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
VIVM #232 & UNI-
PROBE (pat. pend.)

KIT WIRED
52995 54995

Half-turn of probe tip sefects
DC or AC-Obhms.

Uni-Probe - exclusive with

EICO — only 1 probe performs

ofl functions!
Latest circuitry, high sensitivity & precision, wide
ranges & versatility. Calibratlon without removing
from cabinct. New balanced bridge circuit. High
Z input for negligible loading. 4Y4” meter, can’t
burn.out circuit. 7 non-:kip ranges on every
funetion. 4 functions: 4+DC Volts, —DC Volts, AC
Volts, Ohms. Uniform 3 to 1 scale ratio for extreme
wide-range accuracy. Zero eenter. One 7ero-adj. for
all functions & ranges. 1% preecision ceramic multi-
plier resistors. Mcasure direetly peak-to-peak 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, sclenium rectifier; xfmr-
opcrated. Deep-etched satin aluminum . panecl,
rugged grey wrinkle steel cabinet.

5” PUSH-PULL
OSCILLOSCOPE
3425
KIT $44.95
Wired $79.95

7” PUSH-PULL
OSCILLOSCOPE
=470
KIT $79.95
Wired $129.50

TUBE TESTER
$#625

KIT $34.95
Wired $49.95
* tests 600
mil series
string type
tubes
e jlluminated
roll-chart

Pix Tube Test Adapter ... $4.50

i 6Y & 12V
Battery Elim

& Charger
%1050:

‘or transistorized eqpt, #1060:
KIT $38.95 Wired $47.95

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

KIT $24.95
Wired $39.95

F . 20,000 Ohms/Valt

MULTIMETER #565

KIT 24.95
Wired $29.95

1000 Ohms/Voit
MULTIMETER
3£536
KIT $12.90
Wired $14.90

.- —o Reads 0.5 ohms
(e i @ —500 megs, 10
AL mmfd—5000 mfd,
D z{}_ power factor.
o | L@ k 4
< ety
% $19.95
D 9 R wired
= $29.95

R-C BRIDGE & R-C-L COMPARATOR
#0508

Yl L EICT.

VIVM PROBES KIT *  Wired
Peak-to-Peak ... $4.95 $6.95
RF i $3.75 $4.95
High Voltage Probe-1 .$6.95
High Voltage Probe-2 ....$4.95
SCOPE PROBES

Demodulator .. $5.75
Direct ... - $3.95
Low Capacity ... $5.75

EiCO, Lz-:li—golugrteem 8 vd., R.3

Show me HOW TO SAVE 50% on Test Equip-
ment and Hi-Fi. Send me FREE Catalog and

® Send for
FREE CATALOG Name.

Address.. v =
now City. oo ZoRS...... StOte. .

name of neighborhood distributor.

FOR MORE
EICO VALUES

Prices 5% kigher on West Coast. L.I.C. 1, N.Y.
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Receiving U. S

By WHITNEY MATTHEWS

Head, Applications Br., Solid State Div.
U. 8. Naval Research Laboratory

Satellite with upper hemisphere
removed is shown here. The
complete electronic package with
all its modules labeled is below.

LECTRONIC technicians and hob-

E byists have an opportunity to make
valuable contributions to the scien-

tific effort of the current International
Geophysical Year. Plans for launching
instrumented artificial earth satellites
have been announced by the United
States and the U.S.S.R. Signals from
these vehicles can be received by radio
amateurs, hi-fi enthusiasts, or elec-
tronic technicians without great diffi-
culty. Extensive participation of
amateur observers would make avail-
able potential sources of valuable
data which would be prohibitively
costly by means of primary recording
stations. Numerous amateur tracking
stations will be in operation using
either visual or radio tracking meth-
ods. Technical data for the construc-
tion of such stations has been pub-
lished previously. Amateur stations
for the collection and recording of
scientific data are much less complex
than tracking stations.

Not all of the satellites to be
launched by the United States will
provide continuous transmission of
scientific data. Early satellites may be
placed in orbit as a part of the launch-
ing vehicle test program. These pos-
sible early satellites would carry
unmodulated radio transmitting equip-
ment intended primarily for radio
tracking. While not regarded as true
instrumented satellites, they would be
capable of providing temperature in-
formation by accurate calibration and

March, 1958

MINITRACK RADIO TRANSMITTER
LYMAN-ALPHA PEAK MEMORY UNIT
TELEMETERING ENCODER
METEORITIC COLLISION AMPL.

AND COUNTER

LYMAN-ALPHA ELECTROMETER
SMALL BATTERY PACK
LARGE BATTERY PACK

. Satellite Signals

The complete, authoritative story about the radio
signals that the U. S. satellite will broadcast.

measurement of transmission fre-
quencies. Several designs of fully in-
strumented scientific satellites are
being prepared which will carry aloft,
in succession, various combinations of
scientific instruments. As presently
planned, the first two instrumented
satellites to be launched will provide
continuous transmission of scientific
data. It is these which would be of
most interest to amateur observers.
Designs for later launching will pro-
vide data transmission only when
initiated by powerful ground trans-
mitters. This technique is used where
power required by scientific instru-
ments prohibits continuous transmis-
sion or where it is necessary to play
back and erase information recorded
on magnetic tape. Amateur observers
can participate in collecting the inter-
mittently transmitted data only when
located sufficiently close to a primary
recording station to receive signals
when data is being transmitted.

Receiving Satellite Signals

The U. S. satellite will be launched
from the Patrick Air Force Base at
Cape Canaveral in Florida. The satel-
lite will circle the earth approximately
once each 90 minutes. The plane of
the orbit will make an angle of
approximately 35° with respect to the

www americanradiohistorv com

equatorial plane of the earth. Due to
the rotation of the earth, each succes-
sive orbit will receive an apparent
shift westward of about 1200 miles.
The general character of the path of
the satellite over the surface of the
earth is shown in Fig. 1. Eventually
the satellite will rather thoroughly
traverse the unshaded portion which
represents nearly two thirds of the
carth’s surface area. Near overhead
transits of the satellite would thus be
available to observers between 35° N
and 35° S latitudes. Reception of sig-
nals outside this zone would be deter-
mined by receiver sensitivity, antenna
gain, and height of the satellite above
the earth. The orbit of the satellite
is expected to be elliptical with alti-
tudes between 200 and 1500 miles.
Provision for an adequate number of
official recording stations to permit
continuous radio reception of satellite
signals would be prohibitively costly.
Primary recording station locations
are also shown in Fig. 1. A chain of
stations is located roughly along the
75th meridian down the east coast of
the United States and the west coast
of South America. These stations pro-
vide a “picket fence” coverage which
the satellite must cross once each
orbit. Two stations at Antigua, B.W.I.
and San Diego, California provide data
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Fig. 1. Some typical paths of artificial earth satellite over the earth’s surface.

Fig. 2, Satellite airborne telemetry encoder is at left.
collision electronics with its amplifier and three decimal digit counter.

Center unit is the meteoritic
Unit at

right is Lyman-alpha peak memory electronics including orbital switch for

reset once each orbit.

Circuits are printed and extensive use is made of

transistors and magnetic amplifier coils. Units later covered with plastic foam.

early in and before completion of the
first orbit. One additional station at
Woomera, Australia will provide fre-
quent data at approximately half
orbital periods from other stations for
the benefit of scientific experimenters.
Orbital parameters will be calculated
from tracking data and made avail-
able to news wire services. Contact
with local newspapers, television or
radio stations should provide adequate
information to permit amateur ob-
servers to know when to seek these
signals. Possibilities of visual observa-
tion of the satellite are limited to
times just before dawn or after dusk.
The sun must be sufficiently below the
horizon to provide a dark sky yet suffi-
ciently near to illuminate the satellite.

All scientific data will be trans-
mitted by means of the ‘“Minitrack”
radio tracking transmitter in the
satellite. This transistorized, crystal-

controlled transmitter operates on a
carrier frequency of 108.00 megacycles
and is amplitude modulated (AM) for
data transmission. Peak operating
power is about 100 milliwatts with
100% modulation. Batteries carried
by the satellite are expected to pro-
vide between three and four weeks’
active life. Airborne telemetry equip-
ment is used to accept inputs from the
various scientific instruments and com-
bine them into a single coded elec-
trical signal for transmission to the
ground receiving stations.

Telemetry signal frequency compo-
nents are in the audio frequency range
and within the recording capability of
many high-fidelity home magnetic
tape recorders. Maximum frequencies
of 15 kc. are used with signals rarely
exceeding 12.5 kc. Two alternatives
are available to persons not now hav-
ing equipment to receive 108-mega-

place.

THIS MONTH'S COVER

HE top half of the first fully instrumented
U. S.
The 20-inch, 21.5-pound shiny ball
will then be mounted within the nose of the
three-stage Vanguard rocket, shown blasting
off on our cover. The rocket is then expected
to rise vertically at first and then gently turn
in the direction of its planned orbit. After
successive burnout of the three stages, the
tiny ball should be hurtling around the earth
at about 18,000 miles per hour.

U. S. Naval Research Laboratory.)

satellite is carefully being put into

(Photos:
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cycle AM signals who wish to observe
the satellite with their present equip-
ment. Converters are available or can
be built by owners of communications
type receivers. This method offers the
advantage of being able to use a beat-
frequency oscillator to detect passage
of a satellite transmitting an unmod-
ulated carrier. The second method re-
quires the addition of a simple AM
detector circuit to a high-fidelity FM
tuner. Commercially available an-
tennas designed for fringe area re-
ception of FM broadcast signals
should provide ample gain for all but
the most unfavorable reception con-
ditions. Desirable mounting of such
an antenna would be in a generally
skyward direction for latitudes of 35°
or less. Simple means could be pro-
vided for rotation of the antenna in a
direction to permit adjustment in ad-
vance for best reception of the next
anticipated transit.

Many of the scientific phenomena
to be studied occur infrequently and
at random. These very facts prevent
their systematic study by high-altitude
research rockets. Most desirable would
be the occurrence of one of these
events as the satellite signal was being
recorded at a primary receiving sta-
tion. Such an observation would pro-
vide a detailed record of instantaneous
measurements as a function of abso-
lute time. Although possible, unfor-
tunately the chances for an official
receiving station to record such an
event are quite remote. An adequate
number of properly located amateur
observers would make certain the
availability of the desired records.
Airborne equipment will include mem-
ory devices for storing a limited
amount of information concerning
these events for later transmission to
official ground stations. These signals
will provide meager data on all such
events viewed by satellite instruments
but will be far less informative than
a properly made amateur recording
obtained during the event itself.

Recordings of amateur observers
offer many _possibilities of obtaining
valuable data other than observation
of specific events. This is particularly
true of data obtained during the early
life of a satellite. Obviously such data
would be of utmost value in case of a
short active life of a satellite or any
of its scientific experiments. Such
records would also be of value in
case of errors in the predicted rate
at which phenomena bemg studied are
expected to occur. Details regarding
potential value of amateur recordings
will be presented later in the discus-
sion of each experiment.

The Lyman-Alpha Satellite

One of the first fully instrumented
scientific satellites planned for launch-
ing by the United States will be de-
voted to two general types of measure-
ments. One group of measurements
will study ultraviolet radiation from
the sun in the region of the solar
spectrum known as Lyman-alpha. The
second group of experiments designed

RADIO & TV NEWS
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to study the satellite environment in-
cludes measurement of temperatures
and various types of information rela-
tive to collision between the satellite
and small particles (micrometeorites)
in space. Equipment in the satellite
will include a telemetry encoder sys-
tem. This equipment converts meas-
urements made by the various
airborne instruments into a single
signal for transmission to ground re-
ceiving stations. The desired scientific
information may be extracted from
the received signal by appropriate de-
coding.

All information will be transmitted
in the form of a series of high-fre-
quency (5 to 15 kec.) bursts carrying
information on the frequency of these
bursts, time duration of each burst,
and the time interval between bursts.
Thus three information channels are
associated with each burst. Each
frame or scan of all information
channels will consist of a sequence of
sixteen such bursts for a basically 48-
channel telemetry system. The air-
borne telemetry encoder system used
to produce these signals is shown in
Fig. 2. This unit is 5% inches in
diameter, 3%-inch high, and weighs
about 3% ounces. It operates on 2.7
volts with a current drain of 3 to 4
milliamperes. A new frame will begin
immediately upon completion of each
scan. Thus the exact scanning rate
will be a variable quantity determined
by the values of input signals which
control burst duration and spacings.
Signal values are expected to lie in a
range which provides three to four
frames of telemetered data per second.

Of the measurements being made,
some will undergo only insignificant
short time changes while others will
be changing rapidly with time. For
example, outer shell temperatures will
rise slowly as the satellite heats up
when in sunlight and slowly drop as
the shell cools when in the earth’s
shadow. Thus, temperature changes
during one telemetry frame are of no

e

Fig. 3. Here the en-
tire electronics pack-
age is being . in-
stalled in the satel-
lite. The electronic
circuits are encased
in a foam-in-place
plastic material.

great importance. On the other hand,
measurements of inputs such as the
Lyman-alpha radiation do undergo sig-
nificant changes during a single tel-
emetry frame. For this reason, several
channels in each frame are devoted to
frequent repetition of these rapidly
changing signals. Such signals are also
transmitted as a burst frequency to
permit measurement of changes dur-
ing the burst interval.

An oscillogram of a complete typical
telemetry frame is shown in Fig. 4.
Photographic resolution at the scan-
ning rate used to present a full frame
does not permit distinction between
cycles in each high-frequency burst.
This oscillogram, together with Table
1, will permit ample description of
channel assignments to permit ama-
teur observers to seek out any desired
signal for study. It will be noted that
all channels carrying information in
the form of the burst frequency are
identified by a single letter. Channels
whose data is presented as a burst
duration are designated by a letter

followed by the numeral 1. Similarly
information contained in a burst spac-
ing carries a letter identification fol-
lowed by the numeral 2.

Each telemetry frame may be con-
veniently regarded as being divided
into two sequences of eight high-
frequency bursts each. Each such half
frame is distinguished by six initial
bursts containing an alternate rhyth-
mic repetition of long and short bursts
carrying data on instantaneous solar
Lyman-alpha radiation and solar as-
pect (orientation of the satellite with
respect to the sun). Thus each half
frame can be seen to start with the
burst channel sequence A-B-4-B-A-B
in Fig. 4 or Table 1. Identification of
these channels is relatively easy in
any display medium whether it be au-
dible listening, oscillographic presen-
tation, or photographic reproduction.
The remaining two high-frequency
bursts in each half-frame scan will
carry data readout of satellite memory
units. The two final bursts of succes-
sive half-frames will thus alternately

Fig. 4. Typical Lyman-alpha satellite scientific telemetry signal with all components of signal properly labeled.

CHANNEL A CHANNEL B CHANNEL ¢ CHANNEL £
WSTANTANEOUS  SOLAR METEQRITE HETEORITE
LYNAN— - ASPECT INITS HUNDREDS
ALPHA— CELL Gt CHeNEL COUT gy AL OHANEL CHAYIEL OOONT e ¢
, WETEQRITE PEAK LYHAN-
i CHANNEL { CHEL | TENS  CHANNEL A [ CHANNEL } CHANNEL 1 | ALPHA  CHANNEL
\ B ] COUNT  FREQUENGY & A ! A

llil

R Hl}i

f}a AZBI B A ABS A, Az Bx 82
POLAR lFFEREN“AL 59( CAUBRM 108 BATTER
EROSION PRESS YOLTS
GAGE GAG j
BATTERT 200 PACKAGE- POLAR
YOLTS gé%é; ATION TE’JPERHURE TEMPERATURE
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HIGH-FRECUENCY EURST BUFRST-DURATION INTERVAL BETWEEN BUESTS

Channe} | Funeti Ch 1 Functi Ch 1 Funct}

A 'Inncn. Lyman alpha Al Polar erosion A A2 Battery volts

B Solar aspect Bl Differ. pressure B2 Short calibrate

A Instan. Lyman alpha Al Po.ar erosion A A2 Battery volts

B Solar aspect Bl Differ. pressure B2 Short calibrate

A Instan. Ly—an alpha Al Polar erosion A A2 Battery volts

B Solar aspect Bl Differ. pressure B2 Short calibrate

[+] Maeteor count, units Cl Long calibrate C2 Battery vo'ts

D Meteor count, tens D1 Package temp. D2 Polar skin temp.

A Ins.an. Ly ~an alpha Al Polar erosion A A2 Battery volts

B Solar aspect Bl Differ. pressure B2 Short calibrate

A Instan. Lyman alpha Al Polar erosion A A2 Battery volts

B Solar aspect Bl Differ. pressure B2 Short cali“rate

A Instan. Lyman alpha Al Po'ar erosion A A2 Battery volts

B Solar aspect Bl Differ. pressure B2 Short calibrate

E Meteor count, hundreds El Polar erosion B Egvator skin temp.

F Peak Lyman alpha F1 Equator erosion F2 Cadmium sulphide cell

Table 1. Telemetry channel assignments for Lyman.alpha-environmental satellite.

present information on (1) units digit
and tens digit of the cumulative mete-
oritic collision count (channels C and
D) or (2) hundreds digit of the mete-
oritic collision count and orbital peak
value of solar Lyman-alpha radiation.

Positive identification of alternate
half-frames is provided by appropriate
control of burst and spacing durations.
Thus the duration of the meteoritic
collision count units digit burst (chan-
nel C) is used to present the long
calibration channel (C1). This burst
duration remains essentially un-

changed and is always of greater
duration than any other burst. This
long calibration channel is followed
immediately by the shortest burst
spacing in the frame (channel C2).
This shortest burst spacing monitors
the telemetry battery voltage. This
identification of the telemetry signal
half-frames is evident from an exam-
ination of Fig. 4. The long calibration
channel C1 in the first half-frame is
obviously longer than its counterpart
channel E1 in the second half-frame.
Similarly the succeeding channel C2

Fig. 5. Some typical Lyman-alpha satellite calibration curves are shown here.
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is much shorter than is channel E2.

Methods used by amateur observers
to study records made will be deter-
mined, to a great extent, by the equip-
ment available. Experience has shown
that, with practice, a simple listening
test can reveal valuable information.
Listening tests are greatly enhanced
when original recordings are made at
a high tape speed and played back
at a lower speed. This technique re-
duces the high frequencies for im-
proved audibility and at the same time
increases burst durations and spacing
for easier resolution.

Approximate calibration curves for
the various information channels are
shown in Fig. 5. These charts should
be regarded as general guides only
since variations can- be expected be-
tween various telemetry assemblies.
Precise measurements can only be
made by use of individual calibration
for the specific equipment flown in any
satellite. Obviously this cannot be
known until a satellite is launched
since last minute equipment substitu-
tion may be required. The -curves
shown should however prove adequate
for most needs of amateur observers.

The Scientific Experiments

Solar Lyman-Alpha Radiation: Ly-
man-alpha radiation from the sun
refers to a very limited portion of the
ultraviolet region of the solar spec-
trum. Measuring devices sensitive only
to this radiation are carried. The
earth’s atmosphere is quite opaque to
such radiation and thus prohibits its
measurement from ground based sta-
tions. Satellite or rocket vehicles must
therefore be used in any such studies.
Much has been learned by means of
research rockets but this technique
has many limitations. Time required
for rockets to reach altitude and the
short time they remain aloft have
effectively hampered study of transi-
tory Lyman-alpha phenomena.

Telemetry signals will contain two
types of presentation of data relative
to solar Lyman-alpha radiation. The
first type of presentation will trans-
mit an instantaneous value of this
radiation at all times. Study of these
signals will permit study of this radia-
tion from a quiescent sun. Short time
variations in this signal are of great
importance. Not only may short term
changes take place in the signal from
the sun but will additionally be vary-
ing due to spin of the satellite itself.
Thus the detectors will spend approxi-
mately two thirds of each spin period
in the shadow of the satellite and lue
telemetry signal will be that indicat-
ing no input to the detector. Adequate
study thus requires a great portion of
the telemetry time to be devoted to
instantaneous values of solar Lyman-
alpha data. From Fig. 4 it can be seen
that this is accomplished in two ways.
First, this signal (channel A) is re-
peated six times in each telemetry
frame. Second, each presentation is
continued for a comparatively long
period of time. Any single such dis-

(Continued on page 154)
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throughout the average TV receiver,

radio, or other item of electronic
equipment is no news to anyone in
electronics. However, there is also fre-
quent use of series-resonant bypass ac-
tion, although only a capacitor may be
obvious in the circuit. Commercially
available self-resonant capacitors are
used not only by set manufacturers,
but also after manufacture in cooling
down “hot” sets. Hence, some infor-
mation on this subject is desirable.

Ordinary bypass of the screen grid
to ground, by way of capacitor C.,,
is shown in Fig. 2. The capacitor pre-
sents a low-impedance path to the a.c.
voltage present at the screen grid. The
same is true for cathode bypass action
and for the bypass capacitors on the
“B+"” and a.v.c. or a.g.c. lines. How-
ever, a capacitor alone is not a perfect
bypass. It also presents some imped-
ance to the flow of the unwanted sig-
nal current to ground. For most cases,
the bypass impedance is low enough
so that regeneration and other
troubles do not occur.

With increasing gain, the rule for
“most cases” may not hold true. Suffi-
cient unbypassed a.c. voltage may re-
main present to cause trouble. Increase
in size (capacitance) of the bypass ca-
pacitor will lower the unbypassed volt-
age; but there is a limit to the size of

THE USE of bypass capacitors

Fig. 2. Ordinary capacitor bypassing.

Hidden Bypass Act

By JAMES A. McROBERTS

Fig. 1. A pair of filament chokes may
be resonated with a bypass capacitor.

2+

AVC. —

March, 1958

.

Lead dress, special components, and other factors

may supply circuit action not shown schematically.

the bypass capacitor, both physically
and economically. As a result, series-
resonant bypass action may be re-
quired.

By placing an inductor (L., in Fig. 3)
in series with the bypass capacitor,
the circuit may be made to resonate
at some particular frequency. This
can be the frequency to be bypassed,
such as the if. of a radio set. With a
sufficiently low “Q” an entire band of
frequencies can be bypassed. Westing-
house is one TV manufacturer that
has used series-resonant bypassing
with low “@” circuitry to bypass in a
TV if. circuit.

Radio Applications

A set that has become an annoying
“whistler” or ‘“squealer” will probably
be the most common case in radio
service where it will be desirable to
incorporate series-resonant bypass ac-
tion. Special capacitors for this pur-
pose are manufactured by Sprague
(LP series) and Aerovox (RC series).
The bandwidth of these units is broad
enough to cover the commonly used
intermediate frequencies in the vi-
cinity of 455 to 470 kc. In operating on
a radio troubled with whistling or
squealing, such a capacitor is experi-
mentally shunted across the “B+”
line, the a.v.c. line, at each screen grid,
and at each cathode, in turn. It .is
probable that the annoying regenera-
tion originates, for the most part, at
just one of these points. When the spe-
cial capacitor is put in the right place,
the symptom should vanish.

If the special units are not readily
at hand and there is some inconven-
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ience in obtaining them, they can be
fabricated in the shop without great
difficulty. An ordinary bypass capaci-
tor may be combined with a suitable
coil. In the i.f. range for radio sets,
the inductor may be made up of a pair
of TV filament chokes in series. Such
a combination is shown in Fig. 1. One
of the chokes has had about three-
quarters of its winding (by trial and
error) removed while the other choke
is fully wound. In place of the two
filament chokes, a 43-mec. TV i.f. coil
with an adjustable slug may also be
used. The resonant bypass works well
when either type of choke is used.
The capacitive reactance of a .1-#fd.
bypass capacitor at 455 ke. is approxi-
mately 3.5 ohms. Including a small
amount of resistance, the total a.c.
impedance is slightly higher than that
figure. When this capacitor is made
series-resonant by the addition of an
inductor of the proper value, there is
no reactance; and total impedance,
which is purely resistive, will usually
be a trifle under .2 ohm. This means
(Continued on page 117)

Fig. 3. Coil added to bypass circuit.
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Intermittents

- Gan be
Licked

Fig. 1.
board will often

By
RALPH D. SAPPE

Slight flexing of a printed
reveal a hairline
crack, like the one shown, that has
been responsible for a puzzling effect.

Take some of the guesswork out of finding faults

that won't stay put; use persistence and method.

nician more than an intermittently

operating receiver. This type is al-
most always branded with the title of
“dog,” since it can and usually does
result in loss of time and profit. Many
shops are reluctant to service an inter-
mittent but are more or less forced
to do so in order to preserve good
customer relationships.

In many instances, the section in
which the intermittent component is
located can be isolated in much the
same way as in a set which is not
intermittent. For example, if a TV
receiver loses vertical deflection inter-
mittently, you would check into the
vertical oscillator, vertical output
stages, and deflection yoke. If there
is intermittent sound, you would check
the sound section and speaker. If
there is intermittent video and sound,
you would check the tuner and all
stages up to the point where the sound
is taken off.

However, there are some cases in
which the faulty section cannot be
readily localized. For example, an in-
termittent raster could be caused by a
fault in the picture tube, high-voltage
rectifier, damper tube, horizontal-out-
put tube, horizontal-oscillator tube,
horizontal-a.f.c. tube, or any of these
associated circuits. In some sets, a
defective video amplifier will also kill
the raster. An intermittently over-
driven picture could be caused by any
stage in the tuner or video i.f. strip,
video amplifier, or in the a.g.c. circuit.
In the case of intermittently oper-
ating radio receivers, the trouble could

40

I-ITTLE exasperates a service tech-

be in the r.f. amplifier, the oscillator,
mixer, i.f. tube, detector, voltage am-
plifier, power amplifier or rectifier—in
other words, just about anywhere in
the set.

There are a few commercial inter-
mittent analyzers on the market which
are of great value in localizing the de-
fective stage. Some of them can be
connected to more than one circuit
at the same time and, when the inter-
mittent occurs, they will indicate what
circuit the trouble is in.

After we think we have localized

IipiTor’s NOTE: You know all about
heat lamps, elevated-voltage techniques,
cold-solder joints, and the other mumbo-
jumbo pertaining to intermittents? Good :;
but we think this reprise will be well
worth your time anyhow. The key to
successful intermiitent service, after all,
is not so much uncanny skill combined
with great inspiration as it is the dogged
and thorough application of conventional
techniques. How many of the last few
“dogs” you tackled turned out to be
something that you would have come
across much sooner than you did. if you
had been more thorough or systematic?
The hints catalogued here, though they
may be nothing more than reminders to
you, may help break the next tough one.

the circuit or circuits which are inter-
mittent, with commercial analyzers or
by other means, how do we go about
finding the faulty component? There
are various methods. Three of the
most common ones are tapping tubes
and suspected parts, applying heat to
suspected parts, and increasing the
operating voltage of the receiver under
test with the use of a variable-voltage
transformer.

If tapping a tube brings on the

wwWwW americanradiohistorvy com

trouble, the only sure way of testing
that tube is to insert one which is
known to be good in its place, since

a tube may not show up as inter-
mittent under the particular condi-
tions of operation in a tube tester.

If tapping the new tube still causes
intermittent operation, the tube-socket
contacts may be loose or dirty or there
may be a bad solder connection on any
of the socket pins. A word about
solder connections: it is a good idea
to go over all of them in a suspected
stage or, in the case of a radio, to go
over all solder connections in the set,
paying particular attention to ground
connections. This procedure has been
found to cure a good number of
“dogs.” Cold solder connections may
look good, but could very well be the
cause of your hair-pulling. Also look
for lumps of solder which are ex-
tremely close to other contacts or the
chassis that have been left by careless
service technicians or even factory
assembly workers. Heat may cause
expansion of these sloppy joints and
an intermittent short might result.

If the trouble is not a tube, dirty
tube-socket contacts, or poor solder
connections, it can be an intermittent
resistor, capacitor, transformer, coil,
worn insulation of a wire, dirty switch
contacts, or, in the case of printed
circuits, a microscopic break in the
wiring.

Capacitors may often open inter-
mittently after they become warm.
Pushing and pulling on the component
and its leads (Fig. 2) will reveal if
this is the cause. An intermittent by-
pass or coupling capacitor can be the
cause of oscillations or howls. Be espe-
cially watchful of small trimmer
capacitors, like those used in the
horizontal-drive circuits of some sets.

RADIO & TV NEWS
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The thin mica dielectric may be
cracked or split thereby causing inter-
mittent operation.

Probing and tapping resistors, coils,
and transformers with a nonmetallic
instrument will sometimes reveal the
trouble. ’

If probing components reveals noth-
ing, a variable-voltage transformer
may be used to increase the operating
voltage from a normal 117 volts to
about 130 volts. This will cause any
faulty component which is on the
borderline of breakdown to surrender,
thus making possible the use of rou-
tine troubleshooting methods to locate
the guilty component. However, do
not, under any circumstances, increase
the operating voltage to more than
130 wvolts, as this may also cause
breakdown of good components and
you will add new troubles to the ones
already present.

When a receiver is on the bench for
repairs, an intermittent which occurs
due to the build-up of heat may be
less likely to manifest itself, since the
chassis is not enclosed in the cabinet.
A box can be placed over the chassis
while it is on the bench in order to
simulate the relatively poor ventila-
tion of actual operating conditions.
Another method is to apply external
heat to the particular suspected parts.
This can be done with the aid of a
soldering gun or with a heat lamp.
The soldering gun is held close to
(but not touching) the suspected com-
ponent (Fig. 3) to see if the applica-
tion of heat causes that component to
become intermittent. When using a
heat lamp, a paper funnel should be
used, as in Fig. 4, to aim the heat
directly at one component at a time.
Be careful not to apply too much heat
for too long a time, for the object of
this test is to locate the bad compo-
nent and not to ruin the good ones.

In the case of printed circuits, if
pressure on the printed circuit board

Fig. 2. Sometimes capacitor leads make
contact with the inner foil intermittently.

Fig. 3. A soldering gun being used to
apply heat to suspected components.

March, 1958

causes the intermittent trouble to
occur, try to locate a break in the
printed wiring by flexing the board
slightly. Do not overdo this. A cracked
board that was exposed in just such a
fashion is shown in Fig. 1. If flexing
the board shows nothing, try sweating
all connections on the board. If the
circuit is still intermittent, the costly
but rapid method of replacing the en-
tire printed board can be used. It
could turn out to be the least costly
method after all.

Watch for any wires which are run
close to the chassis or which may be
touching a contact or tube-socket pin.
See Fig. 5. Check to see whether in-
sulation is worn off or has been acci-
dentally burnt off by the soldering gun
of a previous technician who was per-
haps a little careless. Clean the con-
tacts on all doubtful switches with
contact restorer (Fig. 7) and check
them with an ochmmeter.

If the trouble is intermittent sound,
do not overlook the speaker itself.
One of the fine wires of the voice coil
may be broken and
making contact. Check this with an
ohmmeter also. Make a continuity
check while pressing lightly on the
cone, as in Fig. 8.

Don’t forget that a fault in one
stage may be causing intermittent
operation of another stage. For ex-
ample, a heater-to-cathode short in
one tube in a heater string may be
robbing another tube of heater volt-
age, but still allow seemingly normal
operation of all other tubes in its
string—including the defective tube
itself. With a heater-to-cathode short
in tube “B” of Fig. 6, for example,
tube “A” will receive no heater volt-
age, but tubes “C” and “D” will.

Before pulling a set for intermittent
loss of sound and picture or inter-
mittent snow, be sure that the trouble
is in the set itself and not in the an-
tenna. A badly rusted antenna or a

Fig. 4. To concentrate heat from a lamp
in a restricted area, use a paper funnel

Fig. 5. Check for burned or frayed in-
sulation on wires run close

to chassis.
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intermittently’

check to

Fig. 6. A defective tube in a string
will affect voltage supply to other tubes.

broken lead wire may be causing the
trouble. If the fault did lie in the
antenna and this were overlooked by
the technician, it might take a few
days of testing and waiting in the
shop before this conclusion would
finally be reached.

Above all, be sure that you have
found the actual cause of intermittent
operation of the set before returning
it to the customer. Nothing can be
more damaging to your reputation
than returning a set with the same
trouble it had originally. After mak-
ing the repair, let the receiver play
for a few hours in the cabinet so that
you can be sure it is working properly.
In the event a customer insists on
having the set before you are satisfied
with it, tell him that you cannot be
sure of it unless you make additional
tests. Never tell him that you think
it’s OK, or that you hope it's all right.

When you have repaired an inter-
mittent “dog” you get a great deal
of personal satisfaction as well as a
boost in your reputation with the
customer, especially when you have
successfully tackled one where some-
one else has failed. Yet, in order to
do this, you need more than just skill
alone or “inspiration.” A great deal
of success with intermittents, or any
tough service problems, depends on
patience and perseverance—the will-
ingness to employ approved service

techniques and conventional test
equipment properly, systematically,
and insistently.

Fig. 7. To play safe, clean any doubt-
ful switches with a contact restorer.

Fig. 8. Press on cone during conlinuity
spot intermittent voice coils.
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TRY to imagine the wltimate in a

sound reproducing system . .
perfectly matched preamp, power
amplifier, loudspeaker system, and

speaker enclosure with a frequency
response flat beyond the limits of audi-
bility, with an imperceptible level of
intermodulation and harmonic distor-
tion, and with a dynamic range ca-
pable of reproducing every signal from
the softest whisper to the crashing
thunder of a full symphony orchestra
playing at peak volume.

Then take that ultimate system and
install it in a room acoustically de-
signed for it . . . with the right num-
ber of draperies, rugs, and other
sound-absorbing material and with
the exact amount of properly located
sound reflecting or *‘live” surfaces.

Such a system in such a location
should, and would, give a performance
unequalled in quality. The most dis-
criminating audiophile, the advanced
audio engineer, the skilled musician,
all would be thrilled and proud to own
such a system.

But while every standard audio test
instrument might indicate that the
music played through such an audio
system is identical to the music
picked up at a “live” performance,
this system would still lack an im-
portant quality of realism. It would
lack a quality that would permit even
the lowliest untrained ear to distin-
guish between the music played
through it and the music which the
listener hears at a live performance.
This missing quality is direction.

Our ability to distinguish sound di-
rections because of the slight differ-
ences in the sound picked up by our
two ears is closely akin to our ability
to perceive depth by mentally com-
bining the two separate images picked
up by our two eyes. Thus, many in-
dividuals feel that techniques which
add direction to our sound perception
is essentially the same as adding depth
to sound.

Binaural Sound Reproduction

If we wish to reproduce sound me-
chanically while retaining the realistic
quality of direction, it follows, then,
that we must use at least two chan-
nels, one carrying the sound signals
for the left ear and another carrying
the sound heard by the right ear. Such

.a &
&

#

Here's how you can step into the wonderful world

of stereo and prove to yourself that stereo is fun.

a system is referred to literally as a
“two-eared” or ‘“binaural”’ system.

Let wus consider a simple sound
transmission system that would use
such a technique. At the concert hall
we could place an “artificial head” in
the ideal position for a listener, say
“10th row center.” The artificial head
may be made up of two microphones
having response characteristics similar
to a human ear and spaced about the
same distance apart, say six inches,
with a mass of some material separat-
ing them.

The sounds picked up by the micro-
phones would be fed to two separate
but identical audio amplifiers and
from there to a pair of tightly fitted
headphones on the head of the ulti-
mate listener. The sound picked up
by the left microphone, after ampli-
fication and transmission, would be
fed only to the left earphone. Simi-
larly, the sound picked up by the right
microphone would be applied only to
its corresponding earphone.

Fig. 1. Typical place-
ment of loudspeakers
for listening to stere-
ophonic broadcasts.
Probably the best
point is a position on
avertical line between
the two loudspeakers.

w
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If the amplifiers, earphones, and
microphones all had perfect reproduc-
tion characteristics, then the listener
would be wunable to distinguish be~
tween the mechanically reproduced
sound and that heard “in person” at
the concert hall.

Stereophonic Sound Reproduction

There is still another technique by
which sound can be reproduced while
retaining the quality of direction. To
understand how this second technique
works, let us consider that our lis-
tener is at his seat in the concert hall
listening to a large orchestra.

Suppose, now, that an invisible wall
is placed bhetween the orchestra and
the listener. This imagined wall will
completely shut off the sound.

If small ideal microphones were
placed at every point on .this wall
facing the orchestra, and these micro-
phones, in turn, fed perfect amplifiers
which drove ideal loudspeakers on the
“listener” side of the wall . . . with a
separate amplifier and loudspeaker for
each microphone, and the loudspeak-
ers located at points corresponding to
the microphone positions, the sound
reproduction on the “listener” side of
the wall would be identical to that
picked up on the ‘orchestra” side.
The listener wouwld be unable to dis-
tinguish the reproduced music from
that of the “live” orchestra. :

Theoretically, such a technique
would require an infinite number of
microphones, loudspeakers, and am-

plifiers, but, in practice, close to per-
fect results can be obtained with a
smaller number of audio channels,
provided the microphones (and repro-
ducing loudspeakers) are widely
spaced. ’

RADIO & TV NEWS
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Fig. 2. This is the basic arrangement that is employed for a stereophonic broadcast. Note that two separate
pickups (microphones) along with two separate channels (one AM and the other FM) are used in this setup.

Such a system, using widely spaced
pickup microphones and similarly
spaced reproducing loudspeakers, as
well as two or more separate channels
(amplifiers, cte.) is called a stereo-
phonic (“solid sound”) system and is
analogous to the stereo (3-dimension-
al) system of using two pictures to
give the illusion of depth to a repro-
duced image.

A puwre binaural system, since it
requires headphone operation, is suit-
able only for a limited number of lis-
teners. In home applications it is com-
mon practice to use two channels,
with the loudspeaker reproduction
method of the stereophonic system.
The results obtained give a real illu-
sion of direction and are quite thrill-
ing to hear.

Hi-Fi and Stereo

High fidelity audio equipment is de-
signed for low distortion, wide fre-

quency response, and a good dynamic
range, irrespective of whether it is
used for single channel or multiple
channel reproduction.

Stereophonic equipment is simply
multiple channel equipment and need
not necessarily be built to hi-fi stand-
ards. It can be, of course, and should
be if the best quality in sound repro-
duction is to be achieved.

Stereophonic Broadcasts

The bhasic technique used in stereo
broadcast is illustrated in Fig.2. Two
wide-spaced microphones are em-
ployed. One is coupled, through the
necessary amplifiers and networks, to
one transmitter. The other is simi-
larly coupled to another transmitter.
Separate receivers are used for re-
ception.

Since it is essential that the two
channels be kept separate from the
pickup (microphone) to the reprodu-

cer (loudspeaker or earphone), two
complete broadcast channels must be
used. These may be two AM chan-
nels, two FM channels, an AM and TV
audio channel, an FM and a TV audio
channel, or any similar combination.
By far the most popular technique
uses one AM and one FM broadcast
channel, however. As a matter of fact,
there are available special dual re-
ceivers for stereo with completely
separate AM and FM channels that
may he used.

Most of the stereophonic broadcast
work to date has been carried on by
local stations; sometimes on a regu-
lar, but more often on an experi-
mental, basis. Generally, local “good
music” stations pioneer in such work.

The program material usually fea-
tures “concert” performances of some
type . . . symphony orchestras, choirs,
and so on, since solo performances do
not carry the same realistic impact

Fig. 3. “Simulated” or “synthetic” stereo effects may sometimes be obtained by using separate receivers
to pick up the same program (note single mike), or by using “echo” equipment as shown at the right,
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TRANSMITTER
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March, 1958
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that the stereophonic reproduction of
a full orchestra can bring to the lis-
tener. Both “live” (using microphone
pickups) performances and recorded
magnetic tapes serve as sources of
program material. When stereo tapes
are used, the results may be true
stereo; while with live broadcasts,
compromises may be resorted to so as
not to degrade either channel.

Setting Up for Stereo Reception

If stereophonic broadcasts are avail-
able in your area, you can “set up” for
reception quite easily. As a start, all
you need are two receivers capable of
receiving the two channels used. In
most cases these will be an AM broad-
cast band and an FM broadcast band
receiver. Chances are you already
have one of these.

While you may want dual hi-fi am-
plifiers, radio tuners, and loudspeaker
and enclosure systems for your even-
tual “ideal” set-up, at the beginning

feet in the case of small rooms
(length about ten feet) to 2% feet
in the case of medium sized rooms
(length 14 to 16 feet) to as much as
10 feet in the case of a large room
(60 feet long). These measurements
are to the “center” of the speaker en-
closure.

Best listening is obtained when the
audience is not more than twice as
far from one loudspeaker as from the
other, and when their distance from
a line joining the two loudspeakers is,
in general, not under five feet. The
area for best reception is shown
shaded in Fig. 1.

Once you have the necessary equip-
ment properly arranged, check your
local program schedules and carefully
tune your two receivers to the proper
stations. Adjust the volume controls
for approximately equal sound levels.
Then relax in an easy chair (placed in
the shaded area, Fig. 1), and you’ll
enjoy a real thrill in radio reception.

PREAMP
a AMPLIFIER
EQUALIZER
CHANNEL "A"
: TAPE DECK
WITH
DUAL HEAD
PREAMP
a AMPLIFIER
EQUALIZER
CHANNEL "B"

Fig. 4. A basic stereo tape playback setup is shown in this illustration.

you can obtain quite good results by
using standard table model receivers.

Loudspeaker (or receiver) placement
is extremely important. Since there is,
as yet, no set “standard” accepted by
all stations, you’ll find it best to check
with your local broadcast station for
their recommendations.

However, a typical loudspeaker ar-
rangement (suggested by WCRB, Bos-
ton) is shown in Fig. 1. The FM loud-
speaker (or receiver) is placed to the
left, the AM loudspeaker to the right,
of the listener. Both speakers are
spaced along the length of the room,
and face the listener.

A corner location for the loudspeak-
ers is not recommended. Instead, the
speaker enclosures should be located
with their backs close to (but not
against, except in the case of small
rooms) the wall, and spaced in from
the side walls, from as little as 1%
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Two (or more) separate channels
are required to obtain a realistic direc-
tional effect in the reproduction of
music or similar program material.
But quite interesting audio “illusions”
can be obtained by the use of multiple
loudspeakers and a single channel.

"True" vs "Synthetic' Stereo

Perhaps the simplest technique is to
connect two or more loudspeakers,
particularly with differing frequency
coverages, to the output of a single
radio receiver or hi-fi amplifier. These
speakers may be spaced around a
room more or less equidistant from
the listener. With this set-up the
listener is immersed in sound al-
though he does not hear the true
stereo directional effect produced by
the true stereo set-up.

Another technique may be used in
those areas where both AM and FM
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stations broadcast the same program
material (using a single pickup or
microphone for both stations). This
method is shown in Fig. 3 (left). Two
receivers are used to pick up the AM
and FM programs, with their outputs
fed to separate loudspeakers spaced
on either side of the listener.

Although identical program mate-
rial may be broadcast by both the AM
and FM stations, the signal path trav-
eled by the two signals is different.
Not only are there circuit differences
in the two transmitters and the two
receivers, but chances are that a
different number of stages are used in
each. These differences may result in
small phase differences in the repro-
duced audio signal, particularly at
higher audio frequencies. This,
coupled with the use of multiple loud-
speakers, will often give the listener
an interesting illusion that is ‘“‘semi-
stereo” in character.

Still another technique which may
give the effect of “depth” to the re-
produced program material is the use
of an “echo” device. This is an electri-
cal or mechanical system which
slightly delays audio signals sent
through it.

The delayed signhal, fed through a
separate loudspeaker, adds an echo-
like quality to the reproduced mate-
rial. This basic technique is illus-
trated in Fig. 3 (right).

Stereophonic Recording

Although some of the methods de-
scribed above may give good stereo,
for the ultimate in home stereo repro-
duction at the present time the use of
stereo tape is a must.

Without question, it has been the
ready availability of good quality long
playing phonograph records that has
given the hi-fi hobby its greatest im-
petus. It would seem, then, that the
ready availability of “stereo” phono-
graph records could do the same for
the interest in stereophonic tech-
niques.

Unfortunately, recording a stereo
program on a record is quite a chore.
Remember that two separate channels
are required. If we use two separate
records (discs), with identical turn-
table and pickup arms, we run into
the almost insoluble problem of prop-
erly synchronizing the two records,
and of starting the pickup arms in the
right place.

Quite acceptable stereo discs have
been “cut” in the past, however, by
recording both channels on a single
disc. A dual pickup head (on a single
arm) is used for playback. But this
technique offers a serious disadvan-
tage; it cuts the available recording
surface in half, and reduces the length
of program that can be recorded by a
similar amount. As a result, these
stereo disc recordings have never
achieved any real degree of popularity.

Two stereo disc systems have re-
cently been introduced in which two
channels are recorded in a single
groove. Special pickups, which are al-
ready available on a limited basis pro-
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duce the two outputs. These systems
will bear watching in the near future.

Stereo Tapes

Magnetic tape recording is almost
ideal for stereo program material.
Several channels can be recorded side-
by-side on a single tape, and these
channels are kept in perfect synchro-
nism as the tape is played back. To-
day, recorded stereo tapes are used
extensively by broadcast stations and
a large variety of taped programs are
available for home wuse. These are
obtainable from many of the larger
recording companies as well as several
of the smaller ones.

The basic arrangement used for the
playback of stereo tapes is illustrated
in Fig. 4. The tapes used in broadcast
stations and home use generally have
two channels, with one recorded near
each edge (top and bottom) of the
tape.

The tape is fed through a tape deck
very similar to a conventional single
channel (monaural) tape mechanism
except that fwo pickup heads are pro-
vided. The output signal obtained
from one head is fed through a pre-
amplifier and equalizer circuit to a
standard audio amplifier, and from
there to one loudspeaker. The output
signal obtained from the second head
is handied in a similar manner by a
separate audio channel.

Types of recorded tapes. With the
variety of program material available,
including symphonies, concertos, and
other classical works, recorded mag-
netic tapes are available in two basic
types, depending on the recording
technique used and the playback tech-
nique required. Both basic types are
illustrated in Fig. 5.

The older staggered tapes have been
recorded with separate magnetic
heads and are designed for playback
on machines having two completely
separate pickup heads, as shown in
Fig. 5A. Since the two heads are dis-
placed linearly, corresponding parts of
the program material must be re-
corded at similarly displaced positions
(that is, “staggered”) along the tape.

This technique, and the use of such
recordings, came about as a natural
result of converting older “single
channel” tape recorders to *“dual”
channel stereo recording by the simple
expedient of adding a second magnetic
head.

The more modern stacked (or in-
line) tape is shown in Fig. 5B. Here,
the two stereo channels are recorded
at corresponding positions (that is,
one directly “above” or ‘“‘stacked” on
the other) along the tape. A single
dual pickup head is used for playback.

When recorded tapes are purchased,
it is essential that the proper type of
tape (staggered or stacked) be ob-
tained for the machine on which the
tape is to be played back. At present,
most tapes employ the stacked or in-
line method.

Setting up for stereo tape playbuack.
You can enjoy the startling realism of
stereophonic sound reproduction by
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using a stereo tape recorder (or play-
back) wunit and recorded magnetic
tapes. If you don't now own a tape
recorder, you have several choices
available. You can either purchase one
of the new stereo tape recorders of-
fered by leading tape recorder manu-
facturers or you can obtain a basic
stereo tape deck with appropriate pre-
amplifier-equalizers. .

While some stereo tape recorders
are equipped with dual audio chan-
nels, the majority of medium to low-
priced units are equipped with but a
single built-in audio channel, with a
separate amplifier output jack. This
is connected to a separate, external,
audio amplifier and loudspeaker sys-
tem.

If you prefer to obtain a basic
stereo tape deck, then you'll also want
to obtain matching preamplifier-equal-
izers for each head. And you’ll have
to provide both audio amplifier-loud-
speaker channels. For the ultimate in
sound reproduction, the amplifiers
should be hi-fi units and should be
identical in performance, as should
the loudspeakers and enclosures used.

On the other hand, if you already
have a tape recorder equipped with a
single playback head, you needn’t
worry. Most large tape recorder man-
ufacturers now offer special stereo
conversion kits for modifying an older
tape recorder for stereophonic play-
back. These kits include the extra
pickup head, mounting hardware, and,
in many cases, a preamplifier-equal-
izer. If the particular kit you obtain
does not include a preamp or equal-
izer, you may have to obtain a sepa-
rate unit to handle this job.

Once an older tape recorder is modi-
fied for stereo playback, you'll have to
provide the “extra” audio channel; the
built-in audio amplifier and loud-
speaker used in the original recorder
serve as one channel.

Whether you are using a new stereo
tape recorder which requires an ex-
ternal audio channel or a ‘“converted”
old recorder, you can obtain the addi-
tional audio channel from any of a
number of sources. Several sugges-
tions are shown in Fig. 6.

First, of course, if you have a home
hi-fi system, you can connect the out-
put of the second pickup head to the
tape input jack of the master control
preamp used in the system. In many
cases, the preamplifier will already be
equipped with an equalizer circuit for
the magnetic head and you won’t need
an extra preamplifier or equalizer.

If you don't have a home hi-fi sys-
tem, you can connect the additional
head through a preamplifier-equalizer
to the phono input of an AM or FM
receiver or to the input terminal of
any standard phonograph amplifier.
Shijelded cable should be used for all
equipment interconnections.

When setting up your final system,
you should follow the tape recorder
manufacturer’s suggestions regarding
loudspeaker placement . . . or, if no
instructions are furnished, you can
use the basic layout suggested for the
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Fig. 5. (A) “Staggered” and (B) “in-line”
or “stacked” stereo tapes are shown here.

reception of stereophonic radio broad-
casts (see Fig. 1).

In addition, you’ll want to adjust
the volume and tone controls of your
two audio channels for as near to
identical performance as you can ob-
tain. To aid in this, special recorded
test tapes are available. By playing
such a tape through your system, and
following the instructions outlined by
the manufacturer, you can obtain the
most from your stereo system.

One final tip—once you're set up for
stereo and have a collection of stereo
tapes, keep it a secret. Otherwise, you
may “go broke” buying refreshments
for visiting friends and neighbors.
Stereo is fun! 30—

Fig. 6. A tape recorder or deck with dual
head can be employed with various systems.
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Fig. 1. The Hickok 295X is a typical
signal generator designed especially for

work with communication receivers.

Here's extra income for established technicians,

useful data for new hams and unlicensed DX fans.

HAT IS a ‘“communication” re-
WCeiver? How does it differ from

the common type of set used for
home entertainment? How are these
differences important to the service
technician ?

A “communication’” receiver is one
designed for communication service,
other than the commercial bands,
where original performance must be of
a high order and that performance is
to be maintained for the life of the
equipment. Perhaps the most evident
difference is the number of controls.
While most home-entertainment sets
have only two controls—tuning and
volume—even the simplest communi-
cation receiver may have 5 or 6 controls.
The more complex will have more.

Electrically, the communication re-
ceiver must tune a wider range (more
bands) thus, a bandswitch must be
provided. On the crowded short-wave
bands, a bandspread tuning control is
necessary to allow easier separation of
stations. For reception of code {(c.w.)
signals, a beat frequency oscillator
(b.f.0.) and a means of “killing” the
a.v.c. voltage are necessary. In addi-
tion to the normal audio volume con-
trol, a separate control for regulating
the gain of the r.f. and if. stages is
often provided.

Selectivity controls are provided on
the more expensive models: these
work in conjunction with crystal fil-
ters or “Q” multipliers, an electronic
means of increasing the “Q” of a
tuned circuit in the i.f. amplifier and
thereby sharpening the over-all re-
sponse curve. A signal-strength meter,
called an “S” meter, may appear on
costlier ones. More sensitivity, selec-
tivity, and stability are the rule.
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All communication receivers are
superheterodynes—some are double-
superheterodynes. In the double-
superheterodyne, the incoming signal
is conventionally mixed or hetero-
dyned with the output from a local
oscillator to form a new signal, the i.f.
signal, having the modulation char-
acteristics of the original signal. After
amplification, this i.f. signal is mixed
with the output from still another
local oscillator to form another i.f.
signal which, following further am-
plification, is fed to the detector and
audio circuits.

A number of advantages are gained
with this arrangement. The if. used
following the first conversion is gen-
erally high—1500-2000 kec.—so that un-
desired image signals will be consider-
ably removed from the desired signals.
The i.f. used following the second
conversion is low so that high selec-
tivity can be obtained. The sensitivity
and selectivity of receivers employing
this principle is significantly greater
when compared with receivers using a
single-frequency conversion process.

Voltage regulation is frequently used
in the “B+" circuits of certain critical
stages. This, in addition to special
temperature-compensating components,
helps prevent drift. The remaining cir-
cuits of a communication receiver are
generally similar to their counterparts
in more conventional sets except that
improved electrical and mechanical
stability are stressed.

The service problems encountered
in communication receivers are gen-
erally the same as those with any
other piece of electronic equipment,
such as defective tubes, defective re-
sistors and capacitors, and the like.
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The methods of locating the defective
part are also familiar. Signal injec-
tion, signal tracing, and voltage-resist-
ance tests are just as useful in serv-
icing these receivers as in servicing
a.c.-d.c. sets. There is one important
difference, however: correct service
information must be available when
working on a communication receiver.
Technicians who can easily repair
most a.c.-d.c. sets without consulting
schematics should not attempt this
with a communication receiver.

The replacement part installed in
a communication receiver must be of
the highest quality. Since some of the
parts may have special characteristics,
always consult the service data before
installing a new part in a critical cir-
cuit. A particular example is the o0s-
cillator circuit where the individual
capacitors must have the specified
temperature coefficients if drift is to
be prevented. Tolerance of individual
parts is also important; if a 5% re-
sistor is specified, there is a reason.
Use the stated tolerance.

In terms of the technician, one of
the greatest problems is the few
special parts that must be ordered
from the receiver manufacturer. In
communication receivers more often
than home sets, special parts that
must be replaced with an exact dupli-
cate are used. When this problem
comes up, the best way to handle it
is by explaining to the customer that
the part needed is of special design
and an exact factory replacement is
necessary to restore peak operating
efficiency. Generally, the customer
will appreciate your extra trouble.

Alignment

Because of the extreme sensitivity,
selectivity, and calibration accuracy
of communication receivers, proper
alignment is very important. Even the
stable circuits in a communication re-
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ceiver will drift over a period of time,
and realignment is sometimes neces-
sary following extensive repairs. This
is particularly true if the repairs in-
volved replacing parts in any of the
tuned circuits.

The effects of improper alignment
are the same that would be noticed
with any other receiver: incorrect dial
calibration, decreased sensitivity, and/
or decreased selectivity. This type of
set is generally operated under some-
what demanding conditions and such
failings in performance are quickly
noticed. (By the same token, improve-
ments are noticed just as quickly.)

Complete alignment is a complicated
job; therefore, the technician must
have a clear idea of just what is
necded before beginning. Proper pre-
testing is important to determine ac-
curately just what part of the over-all
alignment is most affected and where
the greatest care must be exercised
in aligning the receiver. When only
the dial calibration is off, realigning
the oscillator, mixer, and r.f. stages
is often sufficient without the necessity
for going to the i.f. section.

To determine whether the receiver
needs alignment, first check the dial
calibration, paying careful attention
to the high-frequency end of each
range. If the customer has indicated
that he uses one band or tuning range
more than the others, be sure to check
that one very carefully. Most com-
munication receivers have a separate
bandspread tuning control that must
be set to a certain position to attain
correct calibration of the main tuning
control. The correct position will be
indicated in the service information.

On the broadcast band, the signals
from nearby broadcast stations can be
used in checking the calibration. On
the higher bands, a 100-kc. crystal
calibrator checked against WWV is
convenient. As these tests are carried
out, mark down the results so that

you can be sure to re-check the cali-

bration after alignment at points pre-
viously noted to be incorrect.

For checking the r.f. amplifier and
mixer circuits having exposed coils
without upsetting the alignment more
than it was originally, a tuning wand
is convenient. This is a tube of in-
sulating material with a powdered-
iron tip at one end and a brass tip at
the other. Bringing the powdered-
iron tip close to a coil increases its
inductance, tuning the circuit to a
lower ~frequency. Bringing the brass
tip close dacreases the inductance, tun-
ing the circuit to a higher frequency.
If bringing either end close to a coil
increases the volume, the circuit con-
taining that coil needs to be aligned.
If both ends decrease the volume, the
circuit is properly aligned. A tuning
wand is most effective on the higher
frequencies where the coils are small-
er and better coupling can be obtained.

If no crystal filter or “Q” multiplier
is used in the if. circuits, check the
selectivity by tuning across a signal
and noticing how sharp this tuning is,
Some experience in making this test is
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required to obtain most accurate re-
sults. A better method involves the
use of a narrow-range sweep genera-
tor (wobbulator) and an oscilloscope
to actually look at the response curve.
A drawing of the correct response
curve is often in the service data.

Checking the selectivity of a re-
ceiver using a crystal filter is most
easily done with the help of the wob-
bulator-oscilloscope combination which
allows visual examination of the re-
sponse curve; but it can be done by
listening tests. To check the “broad”
positions of the selectivity control,
tune in a broadcast station trans-
mitting speech. Advance the selectivity
control: sideband clipping with con-
sequent distortion of the voice should
become evident. Also, the signal
should tune more sharply. To check
the “sharp” positions of the selectivity
control, turn the a.v.c. off, the b..o.
on, and the audio gain control all
the way up (use the r.f. gain control
to regulate volume). Tune across one
of the amateur bands—the range be-
tween 7.0 and 7.3 megacycles is ideal—
to find a c.w. station with severe in-
terference from another station. Ad-
vancing the variable selectivity con-
trol should decrease the interference.
By adjusting the phasing control, you
should be able to reduce the strength
of the interfering signal while main-
taining the desired signal.

If the controls in the crystal filter
circuit do not respond as they should,
the i.f. amplifier must be realigned to
match the crystal. Even slight mis-
alignment can make quite a difference
in receiver performance.

Some receivers include a “@" multi-
plier instead of (and sometimes in
addition to) a crystal filter to improve
the selectivity. This is actually a sort
of extra, adjustable i.f. stage. Others
have a separate “@” multiplier added
by the owner as an “outboard” acces-
sory. Either way, the “Q” multiplier
must be checked. The separate ones
generally provide two modes of opera-
tion: “peak’” and “null.” Some of those
built into receivers provide only the
peak function. The testing method is
similar in each casc.

Tune in a station; adjust the “@”
multiplier for peak operation and turn
the peak control up slightly. As you
tune the frequency control of the “@”*
multiplier, an increase in response
should be obtained at one setting. Fur-
ther advancement of the peak control
should further sharpen the response,
ultimately causing sideband clipping,
distortion, and, finally, oscillation. If

the frequency control cannot be ad-
justed to peak the signal, this indi-
cates that either the i.f. amplifier in
the receiver or the tuned circuits in
the multiplier are far off frequency.
Check alignment of both.

Next, adjust the “Q” multiplier for
null operation. As the null control is
advanced, the received signal should
become weaker and weaker. Again,
check the operation of the frequency
control to be sure it moves the null to
each side of the desired signal.

Incorrect results in any of these
tests indicates either the need for re-
alignment of the receiver i.f. strip, re-
alignment of the “@" multiplier, or the
need for repairs in its circuit.

A word about test equipment. The
signal generator for use in aligning a
communication receiver must have ex-
tremely low stray output, otherwise, it
would be impossible to reduce the in-
put signal sufficiently during the final
stages of alignment. In many cases,
the leakage output from a standard
service-shop signal generator is so
high as to make it useless in aligning
a sensitive communication receiver. A
signal generator designed especially for
communication service is best.

Let’'s examine one of these, the
Hickok Model 295X shown in Fig. 1,
for a moment. The most important
feature is one not obvious from visual
examination. Inside the cabinet, the
generator circuits are completely
shielded by silver-plated copper sheets.

" The a.c. input leads are filtered to pre-

vent r.f. leakage over that path. Al
this results in low stray output.

The dial is arranged for high ac-
curacy with approximately 300° of
scale for each band. A vernier control
plus a scale calibrated in very small
divisions assures high accuracy in set-
ting the dial to precise frequencies.
Metered output down to 0.1 microvolt
and up to 100,000 microvolts is pro-
vided. Knowing the exact input-signal
value is important in checking the re-
ceiver sensitivity. A separate crystal
oscillator is provided for use as a fre-
quency standard in conjunction with
a 100-ke. crystal calibrator. Every
technician working on communication
equipment should have a 100-kc. crys-
tal calibrator. Of course, separate
audio output is included.

When aligning the i.f. amplifier and
all other circuits except the receiver
front end, extraneous signals can be
kept from interfering by disconnecting
the antenna and shorting the receiver
input. In the final stages of align-

(Continued on page 150)

Fig. 2. Three points
at which an output
indicator may be
connected for testing
and repair work with
meter function and

approximate scale 2ND

iMndxcated for each. IPCEID
eter shown at (B)

must use series ca-

pacitor to keep d.c. ==

voltage from meter. (:)

OUTPUT
TRANS.

(B) (C)
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Flyback
ester

Horizontal-output transformer condition may be

determined quickly and reliably with this unit.

zontal section appears to check

out normally, but there is still no
deflection or high voltage, the tech-
nician is faced with the need to make
a decision on the condition of the fly-
back transformer. He generally ap-
proaches this necessity with reluctance,
after having first investigated every
other possibility; for this important
component that is the key to the en-
tire horizontal-sweep section can be
quite baffling.

The width coil can be checked mere-
ly by disconnecting it. The horizontal
windings of the deflection yoke can be
checked by substitution: almost any
yoke that happens to be available can
be tacked into place temporarily. How-
ever, few jobs are more tedious than
that of unsoldering and dismounting
one flyback transformer and then
making all the connections necessary
to put in another one.

There is a surprisingly simple and

WHEN everything around the hori-

Fig. 1. The completed test unit.
M- L. .
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'inexpensive way- to get around this

problem. It involves a method that
sometimes proves more conclusive than
a test with the type of flyback tester
that checks transformer “@.” The
basic requirement for the technique is
another flyback transformer. The best
thing is to buy one specifically for
this purpose. A small one of the type
used in direct-drive circuits, where the
horizontal coils of the yoke are wired
in series with transformer primary, as
shown in Fig. 2A, is the most con-
venient to use. This type is inexpen-
sive and is not cluttered with a number
of confusing terminations. The flla-
ment winding for the high-voltage rec-
tifier, involving only two leads, is not
used. The three leads of interest to us
are the ones for the high-voltage rec-
tifier plate, the plate of the horizontal-
output tube, and the connection for
“B+" or boosted “B-+.”

If you wish to do the job at virtually
no expense at all, any old flyback can
be used in the same manner, but first
disconnect and remove from the core
any shorted portions of the primary
winding. For safety, as well as for
keeping out of harm’s way any wind-
ings that are not used, the unit should
be installed in a box, as shown in Fig.
1 and clarified in Fig. 2B. The lead
that normally goes to the plate of the
horizontal-output tube is brought out
of the box and terminated in a suitable
clip. The lead that normally goes to
“B+” or boosted “B-+,” whether direct-
ly or through the yoke, is terminated
in an alligator clip. The lead that
normally would go to the plate of the
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high-voltage rectifier is brought out
to an externally available contact but-
ton or other termination—which is, of
course, insulated from the case.

If you wish to be fancy, a neon bulb
can be mounted adjacent to this top
terminal, to indicate the presence or
absence of r.f. This step, if it is per-
formed, concludes the rather simple
construction of the device. Now for
the method of operation:

1. Disconnect the plate clip from the
output tube in the set.

2. Connect the plate clip from your
test box to the plate of the output
tube.

3. Connect the alligator clip from
your test box to a “B+” point in the
set, preferably the boosted “B-+’" input
terminal of the suspected flyback.

4. Switch on the set and attempt to
draw an arc from the top terminal of
the test box (or, in the fancy version,
look for glow in the neon indicator).
See Fig. 3A.

5. If no r.f. is present, and “B-+”
exists at the appropriate terminal,
there is something wrong with the
horizontal-output stage other than the
flyback. (It is assumed a check has
already demonstrated the oscillator to
be providing drive to the output tube.)

If r.f. is present, this shows the stage
is operating with a substitute plate
load. (The arc may only be about half

(Continued on page 141)

Fig. 2. (A) Type of flyback recommended
for test unit and (B) its box mounting.
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By GENE BRIZENDINE, W4ATE

Provides real convenience in the dialing of

transmitter or signal generator frequencies.

vided by this compact, crystal-dialing

accessory. Finger-tip control of ten
crystal, plus v.f.o., frequencies is made
available, right next to the receiver. For
Civil Defense, mobile, or amateur sta-
tion operation, it is useful where the
transmitter is two feet or less from the
operating position. The circuit of the
“Control Master” includes eleven crys-
tal sockets, an eleven-position, single-
pole rotary switch, and output leads.

The simple cabinet was built, since
no suitable ready made unit was found.

ENSTANT frequency selection is pro-

The over-all view of the “"Control Master”” is shown below.

Only three sheet-metal pieces are used.
The panel portion is easily bent to
shape, using a small vise. Assembly is
by solder-spotting the mating edges in-
side the cabinet. Finally “flow” a bead
of solder along each inside corner. Any
excess solder on the outside may be
dressed away with a file. Drill the
switch mounting hole in the panel
Next, spot four large 6-32 nuts inside
each lower corner, using a hot soldering
tip. These are for later attaching the
rubber feet. Two right-angle strips are
(Continued on page 98)
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Complete wir-
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dialing unit,
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Inside view shows the wiring of 10 crystals and the switch.
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A step-by-step search for a really clean 15 watts

output by slight changes in basic Williamson circuit.

the audio literature that IM distor-

tion below 1 or 2% cannot bz de-
tected by the ear. Yet in listening to
several power amplifiers operating at
moderate level, where no more than
1-watt equivalent sine-wave power is
produced on peaks, a good ear will
readily note that some amplifiers sound
cleaner than others, even though in all
cases the measured IM is below 1% at
moderate level. This has been the
cause of some concern to many
listeners.

It would seem, therefore, that maxi-
mum permissible IM distortion is still
open to question. In discussing this
matter with various individuals in the
audio field, some have indicated that
the 1 or 2% limit should be radically
revised downward. One, an engineer,
stated that in a series of tests made
with a number of power amplifiers, the
findings of his ears inevitably corre-
lated with the IM distortion found by
instrument, even though the distortion
was but a fraction of 1% at the test
levels. On the other hand, it is possible
that the differences among amplifiers
are not actually due to distortion
products, but rather to some other
characteristic, and that the amount of
IM is an index to this characteristic.

Desiring to do a little research on
this question, the author recently bor-
rowed a highly regarded 50-watt am-

STATEMENTS frequently appear in
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plifier to compare with his 10-watt
Williamson, vintage 1950. At quite
modest reproduction levels, the 50-
watter had a slight but definite ad-
vantage in terms of clarity, purity,
and seeming ease. The initial tempta-
tion was to heave out the Williamson
in exchange for a good 50-watter. On
second thought, it was decided to have
a go at the Williamson to see if it
could be brought up to the quality of
the comparison amplifier. The author’s
speaker system is relatively efficient;
hence it was reasonably certain that
the difference in performance of the
two amplifiers was not due to power
capacity, particularly since compari-
sons had been made at moderate lis-
tening levels.

The eventual result was that the
Williamson was not tossed out — at
least not yet. The events that took
place serve as an illustration that, with
the aid of a few readily available in-
struments. one can significantly im-
prove the quality of an existing ampli-
fier. There are still many 10- or 12-watt
Williamsons around, as well as other
amplifiers of similar wattage and not
too different circuitry, which may be
susceptible of such improvement. The
audiophile or technician with access to
the few necessary instruments can un-
doubtedly obtain results similar to
those achieved by the author. The
equipment used included an audio
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oscillator and a Heath Audio Analyzer,
which combines in one package an IM
distortion meter, a highly sensitive a.c.
v.t.v.am., and a wattmeter. Such units,
which but a few years ago were seldom
found outside the laboratory, today are
available in kit form at truly low cost.
Since they are very popular items, one
has a good chance of being able to
borrow them from an engineer or tech-
nician friend or perhaps rent them
from a service shop. Or, of course,
the unit may be built from a kit.

Before departing for parts unknown,
the author decided to check where he
had been and obtained the readings
given in Table 1A on IM distortion in
the Williamson.

Then began the search for improve-
ments. The first two steps were virtu-
ally barren. These were to precisely
balance the d.c. current through the
output tubes and to replace each tube
in the amplifier (again balancing d.c.
current when the output tubes were
exchanged). Each of the remaining
steps. however, was fruitful.

1. The original Williamson circuit
employed triode operation of the out-
put tubes. The author decided to try
a switch to “Ultra-Linear” operation,
or rather an approach to it. The output
transformer in the amplifier is a UTC
LS-63, which has intermediate taps be-
tween the ‘“B-plus” and plate taps, al-
though not at a point representing
about 18.5% of the impedance as called
for in true “Ultra-Linear” operation.
Nevertheless, by connecting these in-
termediate taps to the screen grids of
the output tubes, definite improvement
was achieved. Figure 1 shows the
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change in connections. Table 1B shows
the results.

The improvement was an obvious
one. The “Ultra-Linear” form of con-
nection produced as little or slightly
less distortion at low levels and de-
cidedly less at high levels. An amplifier
which barely qualified as a 10-watter
was converted into a very satisfactory
15-watter.

(It should be mentioned that in
checking IM distortion at various out-
put levels, the wattmeter reading was
always multiplied by 1.47, which is the
customary thing to do, in order to con-
vert the average power reading of the
wattmeter into equivalent sine-wave
power. The IM test employs a low-
frequency voltage and a high-frequency
voltage in the ratio of 4:1. These are
fed into the power amplifier under test.
Accordingly, the amplifier actually
produces a total power proportional to
4*+ 1%, which is 17, and this is what
the wattmeter reads. However, the
output of the amplifier is not a true
sine wave, for it consists of one fre-
quency superimposed on another. A
sine wave with the same peak as the
actual output would contain more
power—designated as equivalent sine-
wave power. Since the test voltages
are proportional to 4 and 1, they add up
to a peak voltage proportional to 5. A
sine wave with a peak voltage propor-
tional to 5 would produce a sine-wave
power output proportional to 25, be-
cause power iS proportional to voltage
squared. Thus the ratio of equivalent
sine-wave power to actual power out-
put is 25/17, or 1.47.)

2. As shown in Fig. 1, the author’s
version of the Williamson included a
cathode bypass capacitor across the
common cathode resistance of the out-
put tubes. According to the literature
at the time, this capacitor served to
improve low-frequency response. Upon
removal of this component, IM distor-
tion went down slightly but signifi-
cantly, no doubt because of the current
feedback produced by the unbypassed
cathode resistance. A check of 20-cycle
response {(minimum frequency of the
available oscillator) showed no deteri-
oration in the response at low or high
levels.

3. Next the author tried changing
grid bias, by altering the value of
cathode resistors in the various stages
preceding the output tubes. Only in
one case, at the input tube, did this
measure help. Increasing the cathode
resistor here from 470 to 870 ohms led
to an appreciable drop in distortion.

4. The last measure was to adjust
the amount of feedback from the sec-
ondary of the output transformer to
the cathode of the input tube. Even
after increasing the cathode resistor of
this tube, it was found that feedback
was only 14 db, whereas the design
permits 20 db with stability. Using a
pot as a temporary feedback resistor, it
was adjusted for 20 db feedback. To
determine amount of feedback, a very
low signal input at 1000 cycles was
used and amplifier output with and
without the feedback resistor con-
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IM DISTORTION BEFORE
CHANGES

IM DISTORTION IN QUASI
“ULTRA-LINEAR"” MODE

IM DISTORTION AFTER
ALL CHANGES

Equiv. Sine-Wave

(&)

Equiv. Sine-Wave

Power (watis) IM% Power (watts)

15 11 15
10 3.20 10
5 .33 5
2 .22 2
1 .16 1

5 A2 .5

.1 .09 .1

Equiv. Sine-Wave

IM9% Power (watts) IM%
3.59 15 1.75
.72 10 .21
.40 5 13
.21 2 .08
.14 1 .07

12 5 .068

.08 .1 .063

(&)

Table 1. Improvements in IM distortion resulting from simple circuit changes.

nected was measured. When the setting
of the pot was such as to produce a
power ratio of 1:100, this signified 20 db
feedback. Again there was improve-
ment, owing to 6 db more feedback.

Table 1C shows the final results, in-
corporating the benefits of all four
steps.

Below 10 watts, this performance
compares with or excels that of some
very highly regarded modern ampli-
fiers, although the power capacity of
the latter may extend to 30 or more
watts. It should be noted that below
5 watts the IM distortion is probably
less than indicated in the table inas-
much as the residual reading of the
IM tester used, without an amplifier
under test, was about .06%.

To make sure that the changes had
not adversely affected frequency re-
sponse or unduly altered sensitivity and
other characteristics, these were
checked. Response was found to be
perfectly flat from at least 20 cycles
(low end of the oscillator) to 25,000
cycles, dropping gradually thereafter in
relatively smooth fashion; it was 3 db
down at 40,000 cps and 6 db down at
100,000 kc. Sensitivity proved to be
suitable: 1.7 volts input required for
10 watts output. Here it is appropriate
to mention that two watts equivalent
sine-wave power is the very most the
author’s relatively efficient speaker
system can use. A calibrated oscillo-
scope has been placed across the power
amplifier from time to time when feed-
ing in various kinds of program mate-
rial via FM, tape, and phono, and only
at paintully loud levels did the scope
show as much as the equivalent of a
two-watt reading. Accordingly, it can

be estimated that the most voltage re-
quired to drive this power amplifier is
slightly under .6 volt.

No instrument check was made of
signal-to-noise ratio, because with the
amplifier connected to the speaker sys-
tem absolutely no noise or hum was
audible right at the speaker. In the
matter of low hum content, it is of in-
terest to note that the author’s
Williamson was built in the old-fash-
ioned way, with two chokes in the
power supply.

Before returning the power amplifier
to use, it was decided to also check
out the control unit, which was one of
the very best in its day about seven
years ago, although since outdone. IM
distortion measured about 1.5¢% at 1.5
volts output (equivalent sine-wave
voltage obtained by multiplying actual
volts by 1.212), about 1% at 1 volt,
about .5% at .5 volt, and proportion-
ately less at reduced output. A couple
of slight changes reduced IM to about
3% at 1.5 volts output and to less than
1% at normal levels. The modifica-
tions, shown in Fig. 2, consisted in part

(Continued on page 162)
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Fig. 1. Amplifier output stage changes.
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Fig. 2. Modifications
in the conirol am.
plifier circuit that
are described above.
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Fig. 1. Compression at bottom s
with stretching at the top. as caused
. by slight leakage through the capaci-
tor coupling to the output-tube grid.

By
WARREN PHILBROOK

«==Fig, 2. Compression at the top of
the raster, as caused by excessive bias
on the vertical-output tube cathode,

Ircuits

An experienced bench man highlights the troubles,

ordinary and unusual, that occur in this circuit.

OMPARED to the horizontal-deflec-
tion section of the TV chassis, there
are relatively few complications or

difficulties in the servicing of the stages
concerned with vertical sweep. How-
ever a more than usually difficult job
arises now and then in this part of
the set. Then, because he has previ-
ously taken the vertical very much for,
granted, the technician may find him-
self out on his own in strange country.
The most difficult problems are those
involving incorrect linearity or size,
rather than complete absence of scan.

Compression at the Bottom

This is one of the most frequent ver-
tical faults. One of the more difficult
things to do in a TV set is to produce
and maintain a saw-tooth ‘waveform
which "is of correct amplitude and at
the same time perfectly linear
throughout its entire length. It is par-
ticularly difficult when using magnetic
deflection, owing to the fact that the
yoke inductance has a great effect on
the nature of the current waveform
within the winding. To produce a saw-
tooth of current in the coil, it is neces-
sary to impress across it a wvoltage
waveform consisting of a sawtooth and
a pulse combined. It is essential to bear
in mind that, although the saw-tooth
part of the waveform in the oscillator
or output stage may look linear
enough, this does not necessarily mean
that the raster itself will be linear.
The current waveforms in the yoke are
illustrated in Fig. 5, the waveform
corresponding to compression at the
bottom of the raster being that of
Fig. 5B.

The most frequent causes of com-
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pression at the bottom are lack of
drive from the oscillator stage or lack
of bias on the output stage. One rea-
son for the low drive could be lack of
“B+” at the source. Because the oscil-
lator circuit usually needs a high
plate load resistance, the “B+" is often
derived from the boost supply, so this
is the first place to check. However,
the most likely trouble is a rise in
resistance of either the height control
(4.7 megohms in Fig. 3) or the oscil-
lator plate load resistor (2.2 meg-
ohms). This can most easily be checked
by a straightforward resistance meas-
urement—first opening up one end
of the circuit to remove any voltage ef-
fect from charged capacitors which
would tend to cause a false reading on
the ohmmeter.

A less frequent cause of bottom com-
pression is leakage or change of value
of the capacitor in the oscillator dis-
charge network (.03 ufd. in Fig. 3).
The two components shown here as .03
#fd. and 15,000 ohms play a very im-
portant part in determining both the
shape and the amplitude of the wave-
form going into the 6W6. The purpose
of the series combination of resistor
and capacitor is to form the familiar
sawtooth-plus-spike waveform illus-
trated in Fig. 5D. Within reason, non-
linearity due to irregularities else-
where in the circuit can often be cor-
rected by manipulating the values of
the resistor and capacitor whilst
watching the effect on a test pattern.
Replacing the network with a re-
sistor substitution box and a capacitor
substitution box in series, and trying
various combinations of values while
watching the screen, will often make
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it possible to straighten up a linearity
problem in just a couple of minutes.
Slight leakage in the capacitor in this
circuit sometimes causes the raster to
creep up at the bottom as the set gets
warmer and warmer in operation.

A slightly leaky coupling capacitor
between plate of oscillator and grid
of output tube (.1 #fd.) will produce a
somewhat similar effect (Fig. 1), due
to a positive voltage reaching the grid
and causing a decrease in bias. Nat-
urally, when bias is reduced by any
means, the output stage conducts
more heavily; thus when this fault oc-
curs, the compression at the bottom is
usually accompanied by excessive
stretching at the top of the raster as
shown.

Actual foldover at the bottom will
result from an appreciable amount of
leakage in the grid coupling capacitor.
A more elusive cause of foldover is
low “B+" to the output stage. The
chain of events here is a little more
complex. When the output stage has
insufficient “B+,” the vertical linearity
control has to be cranked up to achieve
full sweep at the top of the raster.
This reduction of bias, combined with
reduction of “B+,” makes the output
tube work at a nonlinear portion of
its characteristic, and a current saw-
tooth somewhat like that of Fig. 5C
results in the yoke. It is useful to bear
in mind that, as a last resort, more
“B+"” can be obtained for the vertical-
output stage by drawing it directly
from the rectifier, instead of from a
filtered point. Fig. 4 illustrates onc
such case, where take-off may be
transferred from point B to A.

Compression at the Top

In some models, loss of capacity of
the filter capacitor (C; in Fig. 4.) will
cause compression at the top of the
raster (Fig. 2), as also will loss in the
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100-4fd. filter at the cathode of the
output stage. The importance of the
latter capacitor depends on how much
resistance is in the circuit when the
linearity control has been set up.

The resistor (470 ohms in Fig. 4) in
series with the vertical-linearity con-
trol is inserted to insure that the
stage cannot be adjusted to =zero
cathode bias. If a short circuit or gas
develops in the output tube, excessive
conduction for a short time may dam-
age the limiting resistor while leaving
the linearity control itself undamaged.
If overheating of the resistor has re-
sulted in an increase of its resistance,
this will cause compression at the top
of the raster.

Change of Oscillator Speed

Apart from tube faults, the most
frequent reason for the oscillator fre-
quency becoming incorrect is a change
in the value of the grid resistance
(shown as 1 megohm in Fig. 3). If
this resistor is replaced, select a value
which will lock the picture at half-way
rotation of the vertical-hold control.
A word of caution: do mnot re-estab-
lish correct oscillator frequency by re-
placing the series resistor with a value
totally different from that in the orig-
inal design. If this seems necessary,
there is probably another fault at the
root of the trouble. The writer recent-
ly encountered a case where a tech-
nician had made a vertical oscillator
work at 60 cps by adding an extra 1-
megohm unit in series with the exist-
ing resistors. The next day, the set
again became uncontrollable. The real
trouble was gas in the oscillator tube.
Thus when a good tube was plugged
in, the extra resistor had to be re-
moved to get back to 60-cps oscillation
again.

Slight leakage in the vertical-oscil-
lator grid-coupling capacitor will cause
a somewhat similar effect, due to a
change of bias resulting in variation of
frequency.

. Frequency Drift
Drift due to heating is not often

Fig. 6. Appearance of normal vertical-sync pulse in the
blanking bar. Contrast is reduced to make pulse visible.
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Fig. 3. A typical vertical oscillator and output strip using a blocking
oscillator. Controls, from left to right, are hold, height. and linearity.

caused by resistor trouble in the oscil-
lator grid circuit as, under normal op-
erating conditions, practically no grid
current flows. The most likely offend-
er is the grid coupling capacitor, which
should be of a zero- or low-coefficient
type. In a multivibrator oscillator, the
plate-to-grid feedback capacitor is also
likely to develop an allergy to warmth
and this component too must be re-
placed with a good stable type, a good
quality molded-mica unit for example.

Occasionally, frequency drift is en-
countered due to poor impregnation of
the windings of a wvertical blocking
transformer.

Completely Wrong Frequency

One fault which never fails to puzzle
the technician who meets it for the
first time is an open circuit in the
oscillator discharge network. At first
glance, the trouble seems to be in the
horizontal rather than the wvertical
section. There is a ringing noise from
the yoke, the picture is apparently
way out of horizontal sync, and strag-
gly white lines appear on a black strip
at the top of the picture.

An examination of Fig. 3 will show
that the discharge circuit is effectively
in parallel with the oscillator plate-
load resistor, as far as plate-load im-

(Continued on page 124)
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VERT.
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®
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Fic}. 4. If higher plate voltage is
needed to obtain linear output from the
vertical-output stage, “B+ may be
taken from the input of the d.c. filter.

w)/‘/‘/\

CURRENT
| WAVEFORM
IN YOKE

TRAPEZOIDAL
WAVEFORM

Fig. 5. Normal (A) and abnormal (B, C)
current waveforms measured in the yoke.
Oscillator output (D) voltage waveform.

Fig. 7. When contrast and brightness are in proper adjust-
ment, both pulse and blanking bar should be equally black.
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The first fully operational electronic

system operated by Army at Ft. Meade.

ISSILE MASTER, the first fully operational electronic
air defense control system in the U. S., was put into
operation recently by the Army Air Defense Com-

mand.

Located at Fort Meade, Maryland, Missile Master will
help defend the Washington-Baltimore government-indus-
try complex against air attack. It is an electronic system
which controls and coordinates the fire of the Army’s air
defense weapons to insure their maximum effectiveness.

Here is a view of some of the radar tracking equipment Targets can be selected economically, with the control of

used. The system was developed by the U.S. Army Sig- each Nike missile being retained by local battery com-
nal Engineering Laboralories at Fort Monmouth, N. J. in manders. In this way, preselected targets in an attacking

conjunction with The Martin Co. of Orlando. Florida. Prin- o o ] 5 Cos
cipal subcontractors were the Airborne Instruments Labo- air fleet are assigned for destruction by Missile Master to

ratory of Mineola, Long Island. N. Y., and the American individual batte.rles of a Nike net\fvo%"k.

Machine and Foundry Company, located in New York, N. Y. The Army said that the next Missile Master systems to
become operational will be for the New York City defense
area and other strategic, industrial, and high population

A few of the racks of electronic gear needed to operate

the Missile Master system. Each one of the racks has centers throughout the nation. 30
its own power regulator, telephone jack, and line outlet.
5 L \_‘ % e | LT R R, f “Friendly protector” console is in fore-

ground. Operator’s task is to insure that
known friendly aircraft are not fired on
by our batteries. Operator in background
is handling the tactical director’s console.
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“e= Col. Jukas Hoska, Executive Officer of the 35th Anti-
aircraft Artillery Brigade, monitors the defense action
from the defense commander's tactical console at the Ft.
Meade Missile Master installation. The defense commander
coordinates the related activities at the Antiaircraf:
Operation Center with adjacent AAOC’s and the Air Force’s
Air Defense Direction Center in order to insure optimum
use of the missile batteries which are at his disposal.

Manning the tracking consoles which are used to monitor

early warning information received by the Missile Master
system at Fort George G. Meade, Maryland, are personnel of
the 35th Antiaircraft Artillery Brigade. The over-all system
concept originated at the U. S. Army Signal Engineering Lak-
oratories. Fort Monmouth, New Jersey. Experience with a tes!
system installed in 1954 enabled the development of a pro-
duction system for operational use in relatively short time.

-“*n@

<= The Antiaircraft Operations Center (AAOC) of the instal-
lation is shown manned by personnel here. In the fore-
ground enlisted personnel are seated at tracking consoles
monitoring early warning information. Gun teller consoles.
surveillance and entry consoles, and range-height indicator
console operators are in the second row. The third row
has a “friendly protector” console, three tactical moni-
tor consoles, and a tactical director’s console. The
L [ defense commander’s room may be seen at the top rear.

Major elements of the Missile Master. System can also
be coordinated with Air Force SAGE aircraft control.

,//,
j:
N

%

NiLE BATTERIES

Personnel shown here are check-
ing over the operation of some
of the electronic equipment that
is employed in the complex Mis.
sile Master air defense system.

4/
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SERVICE SALESMANSHIP

By
WILLIAM LEONARD

The need for improved public acceptance makes it

perilous to rely on technical performance alone.

written about the dire need for

better public and customer rela-
tions for the independent service indus-
try. With the threat of expanding fac-
tory and distributor service hovering
constantly over the service activity, a
higher level of respect and confidence
on the part of the set owner is sorely
needed by TV service dealers.

A continuation of the unfavorable
reputation the independent service in-
dustry has acquired can easily force
set manufacturers to provide consumer
service on their products—even though
they would prefer not to be involved
in retail product service. The public’s
confidence in brand-name service will
impel them to pay higher prices for
manufacturer-managed service if it is
promoted, even though equal or better
service is available from competent but
relatively unknown local independent
service shops.

Many people feel that a broad, na-
tional public-relations program is need-
ed to create confidence in the independ-
ent service industry. They feel that, if
the public is “educated” in the com-
plexities of TV service through maga-
zine, newspaper, radio and TV adver-
tising, it will automatically raise the
prestige of independent service shops.

While service is a commodity that
must be merchandised and sold like a
tangible product, the personal element
that involves the technician who does
the work presents a specialized selling
problem to service management. Serv-
ice is an intangible commodity. It is
impossible for a lay person to measure
its merit or value. Consequently, a set
owner’s reaction to and respect for the
quality of the work done on his set will
hinge on his opinion of the technician
who did the work.

While the idea that independent
service shops are competent, honest,
and trustworthy can be promoted
through national and regional adver-
tising, the success of any such cam-
paign would be determined by what

A WHALE of a lot of copy has been

individual customers think of indi-
vidual technicians. In short, service
56

will always be a man-to-man relation-
ship, with the customers’ opinions
based solely on their reactions to the
technicians who handle the service on
their TV sets.

This highly individual nature of con-
sumer acceptance of both service
charges and technical competence
makes it advisable for the service in-
dustry to start its public relations ac-
tivities at the grass roots of the indus-
try. The grass roots of the service in-
dustry are the field service technicians
--~the men who are the independent
service industry in the eyes of the pub-
lic. Set-owner respect for the inde-
pendent service industry would rise
rapidly if every field-service technician
would study and apply the simple fun-
damentals of good salesmanship in all
his contacts with set owners.

‘What are those principles as they
would apply to service selling?

The first principle of good salesman-
ship is the studied use of showmanship.
This application of the word showman-
ship does not mean that a technician
should put on a three-ring circus act
for his customers. It refers especially
to his personal appearance; his bear-
ing; the exterior and interior appear-
ance of his tube caddy; the respect he
shows for the customer’s property by
using drop cloths to protect rugs and
furniture; his ability and willingness to
explain circuit failures in simple terms
and to offer helpful advice on how to
get the best pictures and service from
a set. All of these factors enter into
the application of showmanship to TV
service in the home.

Consider first the matter of personal
appearance. If you managed a retail
store and dumped a quality product on
the counter without displaying it in a
fancy package, your customers would
buy it only if you offered it at a bargain
price. Dress this same product up in
a striking package, present it in an
attractive display, and it will sell at a
premium price.

The same selling psychology applies
to personal service. A neatly dressed,
clean-shaven technician inspires con-
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fidence in the customer. She is inclined
to feel that he is a competent, trust-
worthy individual. If he carries a well-
kept tube caddy, it creates the impres-
sion that he is efficient.

Family life now revolves around the
TV set. Regardless of its make, the
owner is proud of it. All of the fur-
nishings in the room where it is located
were carefully selected by the house-
wife. The chances are, it took some
financial sacrifice to buy them. She is
proud of them and is inwardly pleased
when a technician shows respect for
them by protecting them from possible
damage. When a technician puts his
tube caddy and everything he works
with on a drop cloth, he is using the
finest kind of service showmanship.

The job is completed and the set is
back in operation. The bill is presented
to the customer. A good salesman
would buffer the normal feeling of an-
tipathy toward having to pay for serv-
ice by offering some advice on the care
of the set at the time he presents the
service ticket for payment. Quite often
a compliment about the TV set or some
piece of furnishing in the room, made
at the time the service bill is presented,
will serve to cushion a customer’s re-
sentment against needing service and
then having to pay for it.

The second factor that is very im-
portant in effective salesmanship is to
have a thorough knowledge of your
product. This is also true of service
salesmanship, with the added require-
ment that the technician should be able
to explain TV circuit operation and
breakdowns in simple language that
the average person can understand.
Even the simplest electronic and elec-
trical terms are confusing to many
people. Recently an elderly lady took
her small radio to a shop to find out
why it quit working. “It has a short
circuit,” the technician told her. ‘“How
much will it cost to lengthen it?” she
replied.

A third factor that is involved in
good salesmanship is one that every
electronic service technician should try
to cultivate. That factor is a sincere
interest in and liking for people. In the
early days of radio, dealers spent more
time “servicing the imaginations” of
their customers than they did in re-
pairing sets.

Some of the most successful TV serv-
ice dealers today built their businesses
on their sincere interest in people. As
one dealer put it, “If a TV technician
really likes people and enjoys dealing
with the general public, he will find
service work both pleasant and profit-
able. If he likes people, he will find
something interesting and likeable
about every customer he calls on. When
people feel you are really interested in
them, they just naturally like you and
consider you tops as a TV serviceman.”

Showmanship, knowledge and a lik-
ing for people: those are the three key
factors in effective service salesman-
ship. All of the necessary tools are
available to do these things successful-
ly. All a man needs to do is to get
them and use them. —30-
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| WALTER H.

By
BUCHSBAUM

Television Consultant
RADIO & TV NEWS

ODAY it is almost impossible to
Timagine a TV repair shop which

does not have at least one oscillo-
scope. Many alignment and trouble-
shooting procedures require the use of
the scope and, for any bench trouble-
shooting, it is a vital tool. There is a
large variety of oscilloscopes on the
market both in kit and wired form and
many manufacturers offer different
applications. Oscilloscopes range from
the basie, small-screen, narrow-band
models to large-screen models having
such special features as variable dis-
play time, black writing, millimicro-
second sweeps, and bandwidths up to
100 mec. Prices range from less than
$100—for a simple kit—to over $5000
for a laboratory instrument with spe-
cial features. Irrespective of price,
however, all scopes have one problem
in common. When they are not in
working order, they are worthless. The
$5000 dolly-mounted, precision labora-
tory unit is just as much of a liability
when it keeps blowing its fuses as the
amateur experimenter’s $50 model.

This article deals with the various
troubles which are likely to occur in
oscilloscopes and with the problems
of calibrating and maintaining the
type of scope usually found in radio
and TV service shops, but the prin-
ciples discussed here apply to scopes
in general.

Basic Scope Circuitry

Some scopes contain built-in calibra-
tors, special time-base generators, r.f.
demodulators and features which,
although useful for some applications,
are not really a part of the scope func-
tion. The hasic operation of the in-
strument is to trace out a line across
the horizontal axis of the screen while
the displayed signal is simultaneously
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Maintain and Repair
> Your Own Scope

Don't suffer the loss of this important instrument

when it is "out.” There are many things you can

do to keep it in shape or handle specific defects.

moving the beam vertically. In this
manner the waveform of the signal
becomes visible. It is important to re-
member that, in most applications, the
horizontal axis represents time and
vertical axis voltage.

To display the signal “standing
still,” the horizontal motion must be in
synchronism with the repetition rate of
the signal. If the horizontal sweep is
slower than the repetition rate, the
displayed signal will appear several
times. If the displayed signal is, for
example, the 15-ke. horizontal-deflec-
tion signal from a TV receiver, the
scope sweep would have to be at a
7.5-ke. rate to display two saw-tooth
waves. When the scope sweep is faster
than the displayed signal, then the sig-
nal will appear cut into strips and
superimposed as in Fig. 1. The original
sine-wave input signal is shown at the
top of Fig. 1A. Underneath it are the
3 cycles of horizontal deflection that
break the sine wave into the sections
shown in Fig. 1B.

The basic elements of the scope are
the cathode-ray tube, the vertical am-
plifier, and the horizontal-sweep sec-
tion. Actually, as can be seen from
Fig. 2, there are a few refinements
which are necessary to make the scope
versatile enough to display weak sig-
nals and to operate over a wide range
of sweep frequencies and synchroniz-
ing levels. While representative, Fig.
2 is specifically based on the Heath
O-11.

The attenuator in series with the
vertical input acts together with the

wwWwW americanradiohistorv com

gain control to regulate the signal
level at the vertical amplifiers so that
vertical deflection on the scope does
not exceed the height of the screen.
The horizontal-sweep signal is gen-
erated by either a gas-tube type
relaxation oscillator or by a multivi-
brator. This generator is synchronized
by a portion of the vertical signal, if
desired, or else it can be synchronized
from some external source or the 60-
cps line frequency. The sweep-oscilla-
tor frequency is adjustable by means
of a range switch and a fine-frequency
control and its output is applied to the
horizontal-sweep amplifiers. In some
applications, it is desired to supply the
sweep signal externally through a
selector switch, which permits using
either the internal sweep-generator
circuit, or some external signal, or, in
some TV scopes, the internal 60-cps
sine-wave signal can be used directly.
This latter connection is for use with
a TV alignment sweep generator. To
avoid displaying the return trace of
the beam, a blanking signal is applied
to the control grid of the CRT during
the retrace period. This signal is
usually derived directly from the
sweep generator circuit and consists of
the shorter portion of the saw-tooth
wave.

In addition to these circuits, the
CRT must also get its filament and
d.c. operating voltages, for which a
conventional power supply is used. In
scopes, the deflection plates and second
anode are kept at a relatively low
d.c. potential, while the cathode is
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Fig. 2. This functional block diagram, although it is based specifically
on the Heath Model O-11, is typical of modern, wide-band, service scopes.

< Fig. 1. When scope sweep is adjusted to be faster than the signal to be
displayed (A), that signal will be shown “cut into strips” (B) by the sweep.

operated at about 1200 to 1300 volts
negative. This means that the CRT
filaments are supplied from a separate
winding and are usually tied to the
cathode.

Troubleshooting

From the description of the basic
functions of the scope, it will be ap-
parent that, except for the power sup-
ply, we are dealing with pulse circuits
in both the vertical and horizontal
sections. In fact, these sections are
very similar in operation to the video
amplifiers found in TV receivers and
the vertical and horizontal deflection
systems. To trace defects through
these circuits, another oscilloscope
might be necessary. Many defects can
be located by voltage and ohmmeter
tests, but some troubles can only be
verified with another scope and this
can be a real problem in a small serv-
ice shop. In a later paragraph a
method is shown using a TV set to
check some scope troubles—an inter-
esting reversal of the usual relation-
ship! .

Table 1 (page 60) lists common de-
fects which may beset a scope and the
probable trouble for each symptom is
arranged in the order of likelihood as
well as simplicity of checking. For ex-
ample, in the case of “no vertical de-
flection,” the simplest check is to
measure the input cable and terminal
for short circuits. Only if this checks
is it necessary to remove the instru-
ment from its cabinet, and then the
next step is possible tube failure.

The operation of the low-voltage
power supply can easily be checked
with the voltohmmeter, as can the
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continuity of the vertical-attenuator
switch. Only if some particular com-
ponent in the vertical-amplifier circuit
is defective may it be more efficient to
use another scope to locate it. Even
for this troubleshooting procedure, it
is possible to use a known input signal,
such as one from an audio generator,
and trace it through the amplifier with
an earphone or signal tracer.

In the case of Items 7, 11, or 12 of
Table 1, signal tracing will not be very
effective, although it is theoretically
feasible to locate bandwidth or sync
troubles by injecting a signal of known
frequency and amplitude and following
it. Bandwidth problems can often be
pinpointed by ohmmeter measure-
ments of the components in the fre-
quency compensating networks.

Fig. 5 shows the vertical-output
amplifiers of the Hycon Model 617 and
this circuit is typical of many TV
service scopes now on the market.
Two 6CL6 pentodes are connected in
a cathode-coupled push-pull circuit
having both low- and high-frequency
compensation in the plate leads. Low-
frequency compensation is provided by
R and Cs-s at one plate and Rs; and
Cs-p at the other. These networks
present additional plate load at very
low frequencies, and thus compensate
for low-frequency losses due to the in-
creased impedance of the grid coupling
capacitor. High-frequency peaking is
provided by two sets of series and
parallel video peaking coils similar to
those found in the video stages of most
TV receivers. Note that the deflection
plates of the CRT are directly con-
nected to the plate circuit. Thus, the
d.c. potential of the two plates with
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respect to each other determines the
centering of the electron beam on the
screen. The vertical-centering poten-
tiometer controls the relative d.c. bias
on the two tubes and, therefore, regu-
lates the relative d.c. voltage at the
deflection plates.

If defects occur in the freguency-
compensating networks, or some other
portion of the vertical channel which
seriously affect the over-all bandpass
characteristic, this will become ap-
parent in the waveforms displayed on
the screen. Fig. 3 illustrates the ap-
pearance of various types of bandwidth
defects when a square-wave signal is
viewed. Of course, it is essential that
we know the waveshape of the test
signal. This can be checked with an-
other scope, connected directly in par-
allel with the suspected unit. Some-
times the input impedance of a scope
can ruin a waveshape, Using a high-
impedance probe may help, provided
that this probe is itself properly com-
pensated. In judging bandpass troubles
we must remember that the waveform
of Fig. 3D can be due to a small, ex-
ternal series capacitance while the
one of Fig. 3C can be caused by exces-
sive shunt capacitance.

It is possible to use a good TV re-
ceiver to check for correct. bandwidth
in the vertical or horizontal scope am-
plifiers, if a source of pulses or square
waves is available. First, check the
scope manufacturer’s data for the
bandwidth specified. Assuming that it
is 5 mec. within =3 db, we should be
able to see square waves with a rise
time up to .2 microsecond, which is
shorter than most generators found in
service shops can produce. If a 100-ke.
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square wave is used, the slope of the
vertical line should be less than 4% of
the width between vertical lines
(which is half a cycle of the 100-kc.
square wave). This time between ver-
tical lines is 5 microseconds. To see if
the output of the square-wave genera-
tor really is that sharp, connect it to
the grid of the last video-amplifier
stage of a good TV receiver and ad-
just generator frequency until vertical
bars appear on the screen. These bars
should stand out sharply, and the
width of black sections and white sec-
tions should be equal to each other.

If the TV set is locked to 15,750-cps
horizontal sweep and 7 bars appear,
the square-wave generator js actually
operating at a shade above 110 kec. A
more accurate bandpass check can be
made on the scope with either a signal
generator which goes up to 5 me. and
a v.t.vam. or else with a video sweep-
frequency generator, such as is used
for TV alignment work, and another
scope. The vertical or horizontal am-
plifier sections of the scope are treated
just as the video section would be in a
TV set. The bandwidth of the horizon-
tal section is usually considerably less
than the vertical.

Another defect which occurs occa-
sionally and is not too easily located
is horizontal nonlinearity. When saw-
tooth signals or pulses are observed,
this defect may not become apparent
but may instead give the impression
that the signal is distorted. To check
for correct horizontal linearity on all
sweep ranges, sine-wave signals are
displayed, usually furnished by an
audio signal generator. If the frequen-
cies are known fairly accurately, these
sine-wave signals can also be used to
calibrate or check the range switch
and vernier control settings. In Fig. 4,
a typical display of this type is shown
together with some commonly avail-
able frequencies and their meaning in
terms of sweep time on the scope.

First, adjust the vertical gain until
the signal fills the two large center

boxes of the screen’s calibrated over-
lay grid, as shown. Then set the sync-
selector switch to its “internal” posi-
tion. Adjust the range and vernier
controls to obtain an image like the
one shown in Fig. 4. In order to space
the signal evenly across the vertical
grid lines, it may be necessary to ad-
just the horizontal-gain control also.
Note that the horizontal spacing of
each cycle should be measured from
each zero or center point to the next,
rather than from one sine-wave pcak
to the next. Since the peaks tend to
be broad, accuracy would be difficult.
If a square-wave generator is avail-
able, it may be easier to use this type
of signal for the test instead of the
sine-wave signal. In the case of the
square-wave signal, the distance is
measured from one vertical line of the
waveform to the next, or the portion
of each horizontal portion of the wave-
form is measured.

If neither a suitable sine-wave nor
square-wave generator is at hand, the
vertical and horizontal sync pulses
from a TV receiver can be used for
some tests. To use these sync pulses,
connect the scope input to the output
of the first sync clipper in the TV re-
ceiver, or else to the output of the
video amplifier directly. The only fre-
quencies available in this way are 60-
cps and 15,750-cps. However, other
frequencies can be checked by count-
ing multiples on the scope display.

Even relatively expensive scopes will
not produce a sweep which is perfectly
linear over the cntire screen; some
compression must usually be accepted
at the edges. It is good to know, how-
ever, just how far from the center the
sweep is linear, so that future wave-
form measurements can be made ac-
cordingly.

Horizontal nonlinearity will become
apparent in that the sine waves will
appear either compressed or expanded
at the point of trouble. Such a symp-
tom can sometimes be due to a gassy
tube, a leaky capacitor, or some other

“near-defect.” Signal iracing with a
second scope through the horizontal-
sweep section will reveal the point at
which the saw-tooth voltage becomes
nonlinear. Usually, careful voltage
checks will reveal the detective part,
even without a second scope. Using a
TV set is not very helpful here, al-
though it is possible to use the vertical
or horizontal sweep signal from the
TV set to drive the horizontal ampli-
fiers of the scope.

Probably the most bothersome de-
fect in scopes is the lack of proper
synchronization. Usually this is ap-
parent first on internal locking. If no
sync can be obtained in either internal,
external, or line positions, then the
sync tube is the most likely trouble
spot. If sync is difficult or intermittent
only on certain internai signals, then
the trouble may be really hard to find.
First, be sure that the amplitude of
the vertical signal is sufficient and
that it is not accompanied by noise
spikes of equal height. In checking TV
sync troubles, it occasionally happens
that, in a noisy location, the noise
pulses are as great as or greater than
the desired sync pulses. While the TV
set may have a noise-suppression cir-
cuit which permits its horizontal oscil-
lator to sync correctly in such circum-
stances, the scope will tend to lock
in on noise pulses, with the result that
jitter and unstable sync appears. This
does 1ot usually mean that the scope
is defective. If loss of sync occurs
only on certain ranges of the scope
sweep generator, then that circuit is
at fault. If poor locking occurs on all
internal sweep frequencies, the net-
work coupling the vertical signal to
the sweep generator or the sync se-
lector switch and its wiring should be
suspected.

In addition to the 13 symptoms
listed in Table 1, there are some mar-
ginal-performance possibilities which
can be determined by the methods al-
ready listed for the circuit involved.
If, for example, the focus control does
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not provide quite the sharpest focus,
the steps listed under Symptom 3 are
indicated. Similarly if the vertical
deflection is insufficient, the steps un-
der 6 are suggested. In this connec-
tion, it is important to know just what
kind of sensitivity, frequency response,
sweep frequency, and other character-
istics a particular instrument is sup-
posed to have. There may be no point,
for example, in troubleshooting a
scope because it fails to display the
output of a color sync circuit. That
signal is a 3.58-mec. sine wave and, if
the scope has a bandwidth of 500 ke.
and a horizontal-sweep rate of 100 kc.,
it cannot display such a signal.

‘Maintenance

Since a scope has few parts, main-
tenance is largely confined to replac-
ing weak or gassy tubes. Some scopes

use long shafts going from a point at
the rear of the chassis to the front
panel through shaft bearings. An
occasional drop of oil is indicated, un-
less self-lubricating bearing are used.
The frequency range switch and any
other rotary switches in the scope
should be cleaned with some contact
cleaner and lubricated at least once a
year. Cleaning of the scope screen be-
hind the plastic grid, as well as the
plastic grid itself, should be performed
at regular intervals. Other points to
check in any maintenance procedure
are the various terminals, especially
the vertical-input connections and its
cables. Binding-post type terminals
have a tendency to become loose ‘and
coaxial terminals often become worn
and partly shorted by dirt.

Needless to say, particularly when
the scope is moved around much, the

Table 1. Troubleshooting chart lists usual scope defects with their causes.

SYMPTOM
1. Pilot doesn’t light

2. No spot on CRT

3. No focus or intensity control action

4. No vertical positioning

5. No horizontal positioning

6. No vertical deflection

7. Poor vertical frequency response

8. No horizontal sweep on some ranges

9. No horizontal sweep on any range

10. Horizontal sweep too narrow or non-linear

11. No sync on internal sync or 60 cps

12. No sync on external sync

13. No retrace blanking

PROBABLE TROUBLE

Pilot light bulb defective
A.C. power cable and plug
Fuse

Switch and wires

Power transformer

Horizontal or vertical position control misad-
justed

High-voltage supply defective

CRT filament open

CRT socket loose

Vertical amplifier plate resistor open

Horizontal amplifier plate resistor open

CRT socket loose or defective
High-voltage bleeder open
Focus control defective
Intensity control open

CRT defective

Vertical amplifier tubes

Vertical positioning control defective
Low-voltage power supply

Leads to deflection plates open
Vertical amplifier circuitry defective

Horizontal amplifier tubes

Horizontal positioning control defective
Low-voltage power supply

Leads to deflection plates open
Horizontal amplifier circuitry defective

Input cable and connector open or shorted
Vertical amplifier tubes

Low-voltage power supply

Vertical attenuator switch open

Vertical gain control defective

Vertical amplifier circuitry defective

Frequency compensating networks defective
Coupling capacitors leaky

Vertical amplifier tubes

High-impedance probe defective

Runqe. switch defective
Capacitors on range switch shorted
Horizontal sweep generator tubes

Horizontal sweep generator tubes
Horizontal amplifier tubes

Horizontal gain control defective

Sync selector switch and wiring defective
Low-voltage supply

Horizontal sweep circuitry defective
Horizontal amplifier circuitry defective

Horizontal amplifier tubes

Horizontal amplifier circuitry defective

Low-voltage supply

Horizontal sweep generator circuitry defective

Horizontal amplifier frequency compensation
circuit

Sync selector switch and wiring defective
Sync amplitude control open or shorted
Range switch defective

Horizontal sweep generator tubes

Sync injection circuit defective
Low-voltage power supply

External sync terminal and wiring open or
shorted 8

Sync amplitude control defective

External sync pulse shape or amplitude wrong

Blanking amplifier tube
Blanking coupling circuit defective
CRT socket loose
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line cord should be replaced before it
gets completely frayed.

Calibration

Calibration of a scope for the most
important characteristics requires a
knowledge of the manufacturer’s spec-
ifications as concerns frequency re-
sponse of the vertical and horizontal
sections, sensitivity, sweep frequencies,
and sweep linearity. Frequency re-
sponse of the vertical amplifier can be
checked by displaying a sine-wave sig-
nal of the highest frequency within
the flat portion of the bandpass and
using it to check sensitivity. The hori-
zontal amplifier can be checked in the
same manner except that, in this case,
the length of the horizontal line serves
as indication of the gain. In calibrat-
ing the RCA4 type WO-91A, for ex-
ample, the bandwidth in the wide-band
position is given as 4.5 mc. +1 db, and
the sensitivity of the vertical amplifier
as .15 volt peak-to-peak per inch. This
means a 4.5-mc. signal of .053 volt
r.m.s. should be 1 inch high.

To measure the input, it is only
necessary to use a 4.5-mc. signal gen-
erator, connect a diode probe to it, and
read the voltage at the voltmeter. If
a voltage divider of two 100,000-ohm
resistors is connected across the gen-
erator output, and the signal to the
scope is taken off across one half of
this divider, the meter diode probe can
be connected across the other half of
the divider, and the generator output
is set so that the meter reads .15 volt
d.c. The diode probe is a peak de-
tector, meaning that the peak-to-peak
signal at the generator output will be
.3 volt, with the scope getting half.

In a similar manner we can cali-
brate the horizontal sensitivity and
bandwidth. A method for checking
sweep frequencies was given in an
earlier paragraph, as was a method
for checking the linearity of the hori-
zontal scope sweep. Assuming that
these checks show a need for adjust-
ment, it may be necessary to remove
the cover or else reach into the vari-
ous adjustment points with a long
alignment tool. Few scopes have any
adjustment for high-frequency com-
pensating networks, but some do have
potentiometers for varying low-fre-
quency response. When the sensitivity
is substantially less than spccified,
aging of tubes is the most common
reason. In some scopes, internal gain-
adjustment potentiometers are pro-
vided to balance out the push-pull
output stage. Almost all scopes have
some adjustment for horizontal sweep
linearity and this control should be set
while a display like the one shown in
Fig. 4 is observed. Perfect linearity is
unlikely, but sweep should be uniform
over at least 75% of its width.

Calibration of sweep frequency is
usually accomplished by adjusting
trimmer capacitors located in the
sweep-generator stage. If really exact
frequency calibration is desired, an
accurate signal generator must be
used against which the horizontal
sweep is compared. 3o
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By H. ALAN SCHWAN

HE audiophile who builds his own
Tequipment is inevitably faced with

the problems of manual frequency
response adjustment. Since the base-
ment audio engineer rarely likes or
feels at home with other people’s tone
control designs, outlining a simple con-
trol design procedure may be of in-
terest. .

It is generally agreed that a success-
ful tone control must affect only the
areas and quantities for which it is
intended; i.e., a treble control must
have no noticeable effect on the low
frequencies or on the apparent volume
level. Further, the use of inductances
in tone control circuits is pretty well
precluded by their expense and sus-
ceptibility to hum. Hence, RC filters
will be considered exclusively. Finally,
it is desirable to be able to design one
extreme of a given control independent
of the other extreme, that is, the
characteristic of the tone control at
one extreme setting should be deter-
mined by the circuit at that par-
ticular end and should not be affected
by the circuit at the other end.

With these considerations in mind
the author has developed a simple
design procedure for a generalized RC
tone control based on the fundamental
circuit of Fig. 2. This circuit was
chosen because it allows accurate, in-
dependent design of the two end posi-
tions while offering smooth continuous
control.

For frequency response correction in
audio amplifiers, four basic types of
tone control settings will satisfy vir-
tually all of the practical requirements.
These settings are: treble boost, treble
cut, bass boost, and bass cut. Two
independent controls and four filters
are required to allow practical com-
binations of these settings.

RC filters, whether boost or cut
types, must necessarily be attenuators.
A filter which gives an apparent boost
characteristic in its active area does
so by reducing the amount of attenua-
tion in that area. The maximum
amount of, boost available is equal to
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Practical design information and examples of tone control

circuits for the audiophile who builds his own equipment.

the nominal insertion loss of the filter.
Thus, a treble boost filter must be
designed so as to reduce the insertion
loss of the filter at the higher fre-
quencies. However, if the filter is to
have no effect on the low frequencies,
it must not begin its reduction of
attenuation until some minimum fre-
quency is reached. Similar -criteria
apply to the bass boost filter.

Treble Boost Filter: The basic
treble boost filter is shown in Fig. 1A.
As the source frequency is increased
from zero, no significant change in
output level is noticed until the react-
ance of the capacitor starts to de-
crease toward the value of R. At such
a frequency the capacitor begins the
effective bypassing of Ri, and the im-
pedance in series with the source and

the load (R.) starts to decrease. As
the input frequency increases further,
the output voltage rises toward the
input voltage until a frequency is
reached where the capacitor’'s react-
ance is small compared with the re-
sistance of R. At this point, the
capacitor is a virtual short circuit and
the output is effectively connected
directly to the input. Here, the
attenuation has dropped to a negligible
value and a treble boost has taken
place.

The designer of such a filter is in-
terested in the rate of boost, the
maximum amount of boost available,
and the point where significant boost-
ing starts. The rate of boost in an RC
filter is fixed by the fundamental
nature of RC circuits at some value

Fig. 1. Basic RC tone control filter networks with their appropriate equations.
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Table 1. Relation between nominal insertion
ratio, A,. and nominal insertion loss. Maxi-
mum boost desired is projected vertically to
line, then horizontally to the vertical scale.
This value of A, is used in the equations.

less than six decibels per octave. How-
ever, the complete tone control circuit
allows manual adjustment of the boost
rate. The maximum amount of hoost
is equal to the nominal insertion loss
of the filter where the nominal inser-
tion loss is:

INPUT OUTPUT
¢ = =
FILTER 2}—

Fig. 2. Movement of pot wiper toward filter
2 causes the inputoutput relation to be
modified more by filter 2 and less by filter
1. This is the basic tone control scheme.

Fig. 3. Treble and bass controls. Bass turn-
over is 500 cps. treble turnover is 1000
cps. and nominal insertion loss is 20 db.
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R+ R.
decibel loss = 20 log + =
2

In practice, the amount of boost is
chosen to suit the requirements of the
tone control. Twenty decibels is usu-
ally assumed for this value and is gen-
erally adequate. If twenty decibels is
assumed, then:

R+ R.
RS 10, and R, = 9R..

2

At this point it is necessary to in-
vestigate the source impedance. If the
tone control is to be driven from the
plate of a voltage amplifier, the con-
trol circuit should have a mid-fre-
quency input impedance of around
500,000 ohms. This requires that
R: + R. be near one megohm since the
tube must drive two such filters in
parallel. If the control is to be driven
by a cathode follower, R, + R. should
probably be in excess of 50,000 ohms.
Assuming a plate loaded amplifier as
a source, 0.1 megohm might be a good
value to assume for R. as a start.
(Thus R, plus R. equals one megohm.)

If we let 4, be the nominal insertion
ratio of the filter and A be the ratio
of input to output voltage at some
frequency f, then the decibel boost at
that frequency is the nominal insertion
loss minus the attenuation at the fre-
quency f:

decibel boost = 20 log A, —20 log A
An
= 20 —_
log 7
where:

A, =
A consideration of the treble boost
filter circuit shows that:

A.—A4A
27fR: (A —1) (4., —1)

A determination of C can be made
from this equation if a value of boost
is assumed at some frequency. A con-
venient point to choose is the desired
turnover point, the frequency at which
significant boosting starts. The turn-
over point has a boost of three decibels
and, for the treble boost circuit, should
occur at around 1000 cps. Continuing
with the previous assumptions in illus-
tration, then:

C =

o 10 —7.07
" 27x1000x100,000 (7.07—1) (10—1)
=85.4 upfd.

It is preferable to use standard com-
ponent values where possible, hence,
the value of C is to be regarded as an
approximation, and a more convenient
value would probably be 100 uaufd.
However, if the value chosen for R.
is kept and the rather arbitrary value
of C is used, the turnover frequency
cannot be expected to come out to the
assumed value. Since the input im-
pedance is rarely critical, it is expedi-
ent to alter the value of R. to bring
the turnover frequency back to the
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assumed value. The final value of R..
then, is found for the treble boost
filter by substituting the desired turn-
over frequency, the new value of C,
and the value of A at the turnover
frequency into the equation:

_ An—A
27fC (A —1) (A, —1)

In the present example, R. equals
85.000 ohms. R, is now found from
the initial consideration of maximum
boost where R, = (A, —1) R.. In the
example, Ry = 9R. = 765,000 ohms.

The purist will insist on using these
values for R, and R.. However, a slight
deviation in the interest of allowing
the use of standard values will usually
be satisfactory. (Changing R. from
the ideal 85.000 ohms to the standard
82,000 ohms and R, from the ideal 765,-
000 ohms to the standard 750,000 ohms
will change the turnover frequency
from the assumed 1000 cycles to 1040
cycles. Such an alteration is almost
always admissible.) However, care
should be taken to change both re-
sistors by roughly the same percentage
in the same direction.

Treble Cut Filter: The circuit for
the basic treble cut filter is shown in
Fig. 1B. As the source frequency is
increased from zero, no change in out-
put is noticed until the reactance of ¢
approaches the value of R.. At such a
frequency, effective bypassing of R-.
begins and the output voltage starts
to drop.

The determination of the values to
be used in this filter follows essentially
the same procedurc as was just out-
lined for the treble boost circuit.
Assuming that this filter is to be used
at the end of the tone control opposite
from the treble hoost filter, it should
have a nominal insertion loss equal to
that of the boost circuit in order to
insure a constant volume level over
the entire range of the control. Values
of f and A are determined as before,
and an approximate value of R. decided
upon. In the case of the treble cut
filter, an approximate value of C is
determined from the equation:

_ A —A
T 2% fR. (A, —1)

and a standard value of C is chosen
as close as possible to that determined
by the equation. Then the final value
of R. is calculated from the equation:

An—A
27fC (4. —1)

and a close standard value chosen. E.
is then found as before.

The Bass Filters: If a very high
frequency is applied to the input of
the circuit of Fig. 1C, capacitor C
will act as a short circuit and the out-
put will be attenuated by the nominal
insertion loss of the filter. As the
input frequency is reduced, the react-
ance of C will increase until it ap-
proaches the value of R: at which
time the output will begin to rise
significantly. As the signal frequency
is reduced toward zero, the capacitor
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reactance will approach infinity so that
with d.c. applied across the input no
attenuation occurs. Thus a boost has
been effected across the output in the
region between d.c. and where X. ap-
proaches R. The operation of the bass
cut filter is similar.

The same procedure is followed in
designing the two bass filters except
that the equations used are:

. A—1
T 27/R. (4, —A)
s |
Ri= ——————
27fC (A, —4)
and:
. 1
27fRs (An —A4)
1
R, = I ——
27fC (A, —A4)

for the boost and cut filters respec-
tively.

The Tone Control

The potentiometer used as a tone
control 1o link any pair of filters
should be large compared to the value
of R, for either filter, otherwise ade-
quate isolation of the two filters will
not be effected and interaction will
occur between them. If the pot is ten
times larger than either R. adequate
isolation should he accomplished. If it
is twenty times as large, the isolation
can be considered complete.

Care must be taken not to load the
output of the control or significant
changes in volume level will he experi-
enced as the tone control setting is
changed. An ideal -situation in this
respect is to drive an amplifier grid
directly from the pot wiper, as indi-
cated in Fig. 3, using only the control
circuit for the d.c. grid return.

If two tone controls are to be in-
cluded in an amplifier, probably the
most reasonable choice would be a
treble and a bass control, although
this is not the only possibility. This
choice requires a treble cut filter at
one end of the treble control and a
treble boost filter at the other. It
further requires a bhass cut filter at
one end of the bass control and a bass
boost filter at the other. In this kind
of an arrangement both filters con-
nected to a given control should be
designed to have the same turnover
frequency.

Very nice single control units can be
built by employing a bass boost filter
at one cnd of the control and a treble
boost filter at the other. The two-
control design is usually to be pre-
ferred, however. In any event, the
filters associated with any given con-
trol should have the same value of
nominal insertion loss.

Resumé of Design Procedure

In brief, the procedure for the de-
sign of the filters is as follows:

1. Decide which pair of filters is to
be coupled to a given control.

2. Determine the maximum desired
boost and calculate 4. from the equa-
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tion: decibel boost — 20 log A, or
determine A, from Table 1.

3. Determine an approximate value
of mid-frequency impedance, Z;, by
considering the load requirements of
the driver. (The tone control con-
stitutes the load.)

4. Compute an approximate valuc
of R. from the relation: R. = Z:/A..

5. Choose some point on the desired
frequency response characteristic of

the filter; i.e., determine a value of
boost or cut at some specific fre-
quency. (Usually the turnover point

will be chosen, but this is not neces-
sary.) From the value of bhoost or cut
thus known and from A4, found in step
2, find A4, either from the equation:

decibel boost = 20 log A./A
decibel cut = 20 log A/A.

or from Table 2.

6. Calculate a first value for C by
substituting the values for 4., 4, f, and
R. found in steps 2 through 5 into the
appropriate filter equation as listed in
Fig. 1.

7. Choose a standard capacitor value
near that calculated in step 6.

8. Insert the values of 4., 4, and f
found in steps 2 through 5 and the
value of C found in step 7 into the
appropriate cquation for R. as listed
in Fig. 1.

9. Calculate R. from the equation:
R — (4, —1) R..

10. It is usually acceptable to use
standard values for R. and R. if they
are close to those calculated in steps
8 and 9.

It is to be noted that if R; and R-
are expressed in ohms, then C will be

in farads. If R, and R. are given in
megohms, then C will be in micro-
farads.

Practical Filters

A practical example of each of the
four types of filters in a tone control
application is illustrated in Fig. 3. The
values shown result in the response
characteristics plotted in Fig. 4. These
response curves represent the extreme
limits of the tone controls.

The criteria used in designing the

SCALE OF A

10 15 20 25 30 3%
cutT

{
|
;
35 30 25 20 5 10 5 0 5
1

80057 i
DECIBELS
Table 2. Relation of input-output voltage
ratio, A, of any RC filter with insertion
ratio A, and the decibel boost or cut. Pro-
ject upward from the desired db value of
boost or cut to the line representing value
of A, from Table 1. Then project horizon-
tally to scale of A, and read the value of A.

filters illustrated were as follows:

1. Input impedance, roughly 500,000
ohms (individual filter input imped-
ance, Z;, roughly one megohm).

2. Bass crossover point at 500 cycles.

3. Treble crossover point at 1000
cycles.

4. 20 decibels maximum hoost.

It is to be noted that the exact
values of R, and R., as calculated from
procedure described previously were
employed; i.e., standard values were
not substituted. It is suggested that
the values of the components shown
be computed by the designer to serve
as a check on the over-all design pro-
cedure.

The technique described herein has
given good results and should be very
useful to anyone interested in the
problems of tone control or fixed fre-
quency response correction. —Bo—

Fig. 4. Response characteristics of four filters shown in Fig. 3. This repre-
sents the response of the controls when set at their respective extreme positions.
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All About Audio

an

Speaker Mounting

HI-Fi

Part 9. Concluding comments on cabinet construction

along with characteristics of various cabinet types.

difficult to write — installment in

this series of articles. In fact, if
we had not already committed our-
selves to deal with cabinets, baffles,
ete., I think we should have put up the
shutters at the end of Part 8. The sub-
ject is so vast, and so much has al-
ready been written about it, that it is
difficult to know where to start; it is
always much easier to write at length
about a small problem than to deal
briefly with a big one. At any cost, we
must avoid a re-hash of what has gone
before, but I think we might usefully
begin by outlining our latest thoughts
on the old, old questions that are so
very important.

(1) The first thing to remember is
that cabinets and horns are a neces-
sary evil, used to avoid cancellation of
sound waves from back and front of a
cone. They don’t improve the quality
of sound and we should be much bet-
ter off if we could do without them. :

(2) Although it is possible to im-
prove the performance of small en-
closures by acoustic devices, it is
almost impossible to make a small
cabinet sound like a big one.

(3) With reflex enclosures, dodges
like fitting pipes and diaphragms to
vents make a difference to resonances,
which are pushed around but not
usually eliminated.

(4) Padding enclosures and hanging
drapes in them gets rid of standing
wave effects and often smooths the
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WE NOW come to the last—and most

response, but the speaker unit is still
working in a cabinet which colors re-
sults.

(5) Folded horns are a useful de-
vice for obtaining large-scale results
in a limited space, but a folded horn is
not truly exponential and never equals
a straight one.

(6) Flat baffles are better than is
generally believed. They are free from
cabinet resonance. Two speakers in
parallel on one baffle give a 3 db gain
at low frequencies and double the
power handling capacity so that bass
lift can be used in the amplifier, re-

sulting in four times the low-frequency -

output of a single unit. The floor also
improves bass by reflection, and walls
can be harnessed in the same good
cause. Baffles are efficient because the
sound from both sides of cone is used,
and I am now inclined to the Dbelief
that equal air loading front and back
is a good thing.

(7) Directional effects are serious.
It is only necessary to look at an or-
chestra to realize how omni-directional
most instruments are; hence the virtue
of omni-directional reproducers, espe-
cially in upper registers.

(8) Convenience in use is becoming
more and more a necessity as the in-
terest in hi-fi reaches the music lover
as distinct from the sound enthusiast.
Some compromise is always necessary
and perfection is as far off as ever,
so the foregoing drastic observations
should not be taken too seriously.
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Fig. 41. Ouiside and inside views of
cabinet described in article. The entire
top section is lined with 1" padding.

By G. A. BRIGGS

Managing Director
Wharfedale Wireless Works Ltd.

Sighing for the moon does not bring it
any nearer.

Cabinet .Consh'ucﬁon

Details are now given for the con-
struction of reflex cabinets of two
sizes. The fact that we deal with
vented enclosures and not with corner
horns does not mean that we have any
prejudice against the latter; it simply
means that we have done more work
on reflex designs and therefore have
more first-hand information available.
Many people prefer horn loading; I
could be happy with either if soundly
conceived and constructed.

The cabinets described are fitted
with an acoustic filter designed by my
colleague, Mr. R. E. Cooke, and cal-
culated to give bass without boom. The
device is the subject of patent applica-
tions in this country and America and
should therefore only be used privately
in cabinets constructed at home. Al-
though designed around Wharfedale
10” and 12” foam surround units, the
cabinets can be used with other speak-
ers provided the open baffle resonance
does not exceed 45 cps.

The vent is tuned to resonate at
about 40 cycles—low enough to avoid
coloration and high enough to give
body to the reproduction. The vent
output will blow out a lighted match
at the resonant frequency with 2 to 3
watts input to the speaker.

The acoustic filter is made of ply-
wood and should form an airtight fit
to the front, sides, and back so that the
only air path from the upper compart-
ment to the lower one is through the
slits which permit the required trans-
mission of low frequencies only. This
also explains why the lower compart-

RADIO & TV NEWS


www.americanradiohistory.com

ment is not lined with absorbent mate-
rial.

The design and dimensions for the
12”7 model are given in Fig. 45 and are
self-explanatory.

The data for the 10” model is as fol-
lows :—

Cabinet in 34" plywood
Volume—2 cubic feet
Height—28" outside
Width—14" outside
Depth—12” outside
Vent—2” diameter circle

Acoustic filter in 34” plywood with four slits
1/16"” wide and 8l4” long over-all. Position 177
irom top, outside. Vent resonance 45 cps.

Suitable slits in the acoustic filter
are easily made with a hand saw or
better still, with a circular saw.

Photographs of a finished cabinet
with inside and outside views are re-
produced in Fig. 41.

Taking into account size, cost, and
ease of construction, the reflex en-
closure still pays better dividends in
the bass than any other system.

The smaller unit can with advantage
be used in the larger cabinet, but the
process should not be reversed.

Adding a Tweeter

If it is desired to improve the high-
frequency response, the simplest meth-
od is to mount a tweeter on a small
baffle—preferably facing upwards—and
stand it on top of the main cabinet,
using the circuit of Fig. 42.

Baffles

Having paid baffles a few compli-
ments, the least we can do is to give
the reader a few hints on how to get
the best out of such a system.

Two speakers in parallel are the
obvious choice for 3 db gain at low
frequencies. Sheet aluminum %" thick,
backed with fiber board or coated with
a damping medium, makes a splendid
baffle and gives a nice crisp tone to the
reproduction. If plywood is used it
should be sandfilled as shown in Fig.
43. The dimensions combine reasonable
performance with convenient size.

For the bass end, a 107, 12", or 15"
speaker could be used, but the res-
onance should be not higher than 40
cycles. It must be made clear that it
is the availability of low resonance
units which makes possible this new
approach to the long-discarded open
bafMe.

In order to reduce middle and treble
but maintain maximum bass, an in-
ductance can be placed in series with
this unit, as shown in Fig. 44. The
tapped coil (used alone) described in
Part 8 would make an ideal variable
control here.

The second speaker could be an 8"
or 10” unit, with resonance preferably
below 50 cycles, but even above 50 cps
is acceptable because parallel working

makes the higher resonance virtually -

harmless. Here we have shown a slot
in place of the usual circular opening,
to reduce beaming and improve high-
frequency dispersal. Useful dimen-
sions are: 8" unit, slot 3" x7”; and 10”
unit, slot 3"x8". The two speakers
must be correctly phased. If they are
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out-of-phase, you will have a 20 db
loss at low frequency instead of a 3 db
gain. Adding a tweeter with the circuit
of Fig. 42 is simple and phasing at high
frequencies is of no consequence in
this case.

Even a single speaker can be used
on a baffle with good results, but low
cone resonance is essential. So much
for baffies. At least they are free from
boom.

Reflex vs Horn Loading

It is not our intention to hold a
Beauty Contest and pick the winner
here, nor do we propose to outline vital
statistics; it is better to leave the
choice to personal preference. But I
do think that the response curves of
Figs. 46 and 47 throw some light on
the question of relative efficiency which
was raised in the previous article.

Both curves were taken out of doors
with the same 15” foam-surround unit,
and with the cabinets placed in a cor-
ner formed by the walls of a building.
The microphone distance was 4 feet
on-axis in both tests.

The conclusions to be drawn from
these tests are as follows:—

(1) The output below 100 cps is
about the same in both cases.

(2) The main output from the horn
is located between 100 and 400 cycles
but, when comparing it with the reflex
model, it should be remembered that
this has considerable vent output with
a peak around 200 cps as shown in
Part 5.

(3) As usual, the working range of
the horn is limited to 3 to 4 octaves,
but the reflex design will easily extend
to 7 octaves. Above 500 cycles, reflec-
tions play havoc with the output of
the folded horn, but such effects are
normally sidetracked by crossover net-
works.

So we are left with the 64,000 dollar
question of how best to assess the effi-
ciency of either system. If you take
the horn performance between 100 and
300 cps, I will take the reflex output
between 300 and 1000 cps and con-
found you, or I will take the next two
octaves and knock you clean out of the
ring. On the other hand, we can all
take the region of 40 to 100 cycles and
practically call it a draw.

The fact is that it is quite as logical
to say that reflex loading is twice as
efficient as horn loading because it cov-
ers twice as many octaves as to say

(Continued on.page 120)
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Fig. 42. Adding a 10-15 ohm tweeter to
augment response above 3-5 kec. If the
impedance of the main loudspeaker is 2-3
ohms, the tweeter should also be 2-3 ohms.
The filter capacitor and volume control
should then be 12 uid. and 20 ohms respec-
tively. For 8-ohm wunits. the capacitor
that is employed should be about 6 uid.

|l [ " o —— M et

Fig. 43. Shown in this illustration is
a back view of the simple flat baffle
arrangement that is discussed in the ac-
companying text. The front sheet of ply-
wood should be at least one-half inch
thick. The two portions marked A and B
are backed with three-eighths plywood
which is spaced one-half inch for sand
filling, This is shown in the detailed
view. The side supports, marked C, may
be constructed of one-half inch plywood.
The dimensions shown are not critical.

~

SUGGESTED VALUES FOR
INDUCTANCE L .
6 mhy. WITH 10-I5. UNITS
4 mhy. WITH 5-101 UNITS
2 mhy. WITH 2-5n UNITS
8" OR 10"
UNIT

Fig. 44. Shown here is a useful cir

cuit that may be employed to obtain
good results with two loudspeakers
mounted on an open bafile. The two
speakers are connected together in-.
phase to avoid “hole” in the response.

-

(ou*rsuoE‘)q“ ' 23" ]

Fig. 45. Reflex cabinet
with Wharfedale
acoustic filter that is
suitable for 12-inch
loudspeakers with
cone resonances not
higher than 45 cps.
The vent resonance in
this unit is 40 cps.

23 172"
(INSIDE) ACOUSTIC FILTER IS 172"
PLYWOOD. 9 SLITS 1/16" WIDE.
SPACED 11/2" APART. CUT 10"
LONG FROM FRONT EDGE. FREE

ENDS SECURED BY I BATTEN
le- 21 1/2" APPROX 3

j¢e——34" (OUTSIDE) ——
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Monitor Your Tone and Frequency
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Over-all view of the monitor. A 12”7 length of wire from a coat
hanger soldered to banana plug serves as pickup antenna.

By LEON A. WORTMAN, wzLJu

Simple two-tube c.w. monitor requires very little

table space and is quite inexpensive to construct.

Your morale sinks to a very low ebb.

You blush with shame. You hope
your friends won't hear about it. You
have violated a federal regulation!
I'm talking about receiving a “green
ticket” from an FCC monitor station.
A “green ticket” is -one of those, as
the name indicates, green colored slips
that the FCC listening posts use to
notify hams when they have violated
an FCC regulation; and the ‘“green
ticket” orders you to reply in affidavit
form, “within three days,” setting
forth the exact causes for the viola-
tion and precisely what measures you
have taken to remove them.

The notice may be for off-band
operation, frequency changes caused
by keying a transmitter (popularly or

IT’S a very embarrassing experience.

unpopularly known as ‘chirp”’). It
may be for key clicks, which are
definitely spurious and superfluous

radiations that cause unnecessary in-
terference and annoyance to other
radio communications; and, whether
these spurious radiations occur inside
or outside of the amateur band limits,
they nevertheless constitute a viola-
tion of regulations.

An impure tone means an amplitude
or a frequency modulated c.w. carrier.
It can be ruled to be a modulated
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signal which is on a [requency per-
mitting only unmodulated radioteleg-
raphy. For instance, a transmitter
operating on 7.15 mec. i§ within, the
“ham’” band but an ‘“impure tone”
(possibly caused by an improperly
filtered power supply) can be cited
for utilizing type A4 and/or type A2
modulation in a band: permitting only
type Al transmissions. Harmonic
radiations are a violation and quite
often they could fall outside the limits
of a ham band which is in harmonic
relation to the band of fundamental
operation. Such an occurrence might
cause serious interference to other
services. Thus the violator is guilty
of off-band operation and/or causing
unnecessary interference to other
stations.

Any one of these violations can be
quite easily detected by the alert FCC
monitor stations scattered throughout

" the United States and operating 24

hours a day. There is no legitimate
defense against the charges. The reg-
ulations require that the transmissions
be as “pure as the state of the art
permits” and that suitable means of
monitoring the frequency and the
character of the transmitted signal
shall be provided.

However, many hams neglect to
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provide any monitoring facilities. Usu-
ally this is because of the estimated
cost of the equipment and the table
space required for the installation.
The preference is to invest the money
in “extra watts,” a new chrome plated
bug, or a new microphone. All these
are nice to own and use and they
might improve the station. But, hold-
ing an operator’s lieense and a station
call-sign are obligations that cannot
be minimized, obligations to fellow
hams, and obligations to a government
that permits freer use of the ham
bands than any other government
does.

Here is a simple c.w. monitor that
is compact in size, requiring very little
table space, and inexpensive enough
to construct and still permit those
“extra watts” and accessories. To use
an overworked phrase, “the unit can
be built from the contents of almost
any ham’s junk box.” All components
are of standard manufacture, includ-
ing the tuning coil. Once built, it
should suffice for many years as a
monitor. Once you develop the habit
of using it, you’ll wonder how you
ever did without it.

The unit consists of an oscillator
tunable over the 80, 40, 20, 15, and
10 meter bands, a signal mixer and
audio amplifier, and a power supply.
A 6BH6 is an excellent oscillator
which drives the mixer-amplifier, a
12AT7 with its twin-triodes in parallel
connection. A phone jack is provided
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for earphone monitoring. An insulated
banana jack on the top of the 4" x5"
x 3” metal box that houses the minia-
ture monitor is connected directly to
the grids of the 12AT7. A 12" length
of wire from a coat hanger is soldered
o a banana plug and serves as an an-
tenna for picking up a small amount
of rf. voltage from the transmitter to
be monitored.

The monitor operates on the hetero-
dyne-detection principle. A radio-fre-
quency signal is generated within the
unit by the oscillator and is hetero-
dyned or beat against another ex-
ternally generated radio-frequency
signal. When two signals are hetero-
dyned there results, in addition to the
two original signal frequencies, a sig-
nal that is the sum of the two fre-
quencies and a signal that is the
difference of the two frequencies. In
this particular application we utilize
the ‘“difference” frequency. If the two
original frequencies are separated by
an audio frequency (approximately 16
to 20,000 cycles) they may be detected
by a simple audio device. For ex-
ample, assume the transmitter to be
monitored is radiating on 7150 kilo-
cycles. Tuning the monitor to 7151
kilocycles, a 1000 cycle tone will be
heard in the earphones. The sum fre-
quency, 14,301 kilocycles, and the two
original frequencies of 7150 and 7151
kilocycles are removed by the small
bypass capacitor (Cs) at the plates of
the 12AT7. This capacitor is of a value
sclected to offer low reactance to the
7 and 14 megacycle radio frequencies
and high reactance to audio frequen-
cies. By listening to the quality and
stability of the audio output of the
monitor we can determine with suit-~
able accuracy the character of the
transmitter’s signal as it might sound
to a distant receiving station. Keying
“chirps” are distinctly audible as are
rough notes and modulated signals.

The frequency of the transmitter
can be determined by directly cali-
brating the monitor against a cali-
brated receiver. The output of the
monitor’s oscillator is strong enough
to be heard in the receiver with the

Top view of tone and frequency monitor. Power transformer,
main tuning and trimmer capacitors, and tubes may be seen.

H7v.A.C.

Il

W+

Rr—86,000 ohm, V5 w. res.

R:—56,000 ohm, Y5 w. res.

Rs—470,000 ohm, V> w. res.

Rs—300 ohm, V5 w. res.

Rs—10,000 ohm, I w. res.

Ri:i—100 ohm, 1 w. res.

R:—1500 ohm, I w. res.

C1-Cr—15/15 ppfd. two-gang var.
( parallel connected)

Cs—100 pufd. air trimmer

C;, Cs—.001 ufd., 200 v. capacitor

Cs, Cs—.0001 pfd., 200 v. capacitor

Cr—.01 ufd., 200 v. capacitor

Co—.002 ufd., 200 v. capacitor

capacitor

Ciw—.05 ufd., 200 v. capacitor

C1.C1:—20/20 ufd.. 150 v. clec. capacitor

Li—Osc. inductance (Meissner #14-4034 b.c.
osc. coil. Use ecither of the two windings)

Ji—Banana jack for “antenna” (sce text)

J:—Phonc jack

S1—D.p. 3-pos. switch

SRi=—20 to 65 ma. sclenium rectifier

T—Power trans. 150 v. @ 25 ma.; 6.3 v. @
.5 amp. (Merit P-3046 or equiv.)

RFC:—2.5 mhy r.f. choke

Vi-——6BH6 tube

Vi—12A4T7 tube

Schematic diagram of the unit is seen to consist of a 6BHBE tunable oscillator
which is used to drive a 12AT7 mixer-amplifier with triode sections in parallel.

b.f.o. on. For setting the transmitter
to a certain frequency when the moni-
tor is not directly calibrated, zero beat
the monitor with the receiver. Then
zero beat the transmitter frequency
to the monitor. The transmitter will
then be simultaneously tuned to the
same frequency as the receiver.
Tuning the monitor to one side of
the transmitter carrier gives an audio
tone on the monitor earphones. At
W2LJU this side tone is used to moni-
tor the keying of a “bug” as well as

the transmitter. Any breakdown or
change in the signal is easily and im-
mediately detected by listening to the
tone as the rig is keyed. A 3-position
switch is provided on the front panel
for off-on-standby control. C. an air-
trimmer, is also front-panel mounted
for convenience in adjusting calibra-
tion frequency.

Continuous use of a tone and fre-
quency monitor is a good operating
habit. Not only does the FCC require it,
good operating necessitates it. 30—

Bottom view of unit. Power supply components are mounted
toward the rear while the oscillator coil is behind switch.

s o i T,

Bk C. il
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Here are three of the new 12-voli tubes
that can be used to build portable gear.

Some ideas on using the new 12-volt tubes in simple,

portable gear that works directly off the car battery.

NE of the great accomplishments of
the transistor has been its ability
to show what can be done with very

low power. This new appreciation of
low-level power has even moved into
the field of vacuum tubes and several
manufacturers are offering tubes that
require 12 volts or less on the plate.
These include such tubes as the 12AC6
r.f. pentode. 12AE6 double diode triode,
12AD6 heptode converter, 12K5 space
charge tetrode, and many others such
as double triodes and special types.

After using the customary 200 to 300
volts on receivers and test equipment,
one is amazed by the number of jobs
that can be done well with very low
values of plate supply. Superhet all-
wave receivers, grid dip meters, v.h.f.
converters, crystal calibrators, and
many other pieces of equipment can be
made to work with plate voltages as
low as 6 volts in many cases.

With the coming of the 12-volt auto-
motive systems and the 12- and 24-volt
systems in use on aircraft and boats,
those interested in portable and mobile
operations will find these new tubes a
great asset in simplifying equipment.
The same voltage that is applied to the
heater can be used on the plate circuits.
This eliminates the need for expensive
vibrator and dynamotor power sup-
plies, not to mention the reduction in
noise that accompanies such power
sources. The fact that no cathode bias
resistors or capacitors are required, no
screen resistors are used, and one by-
pass capacitor can usually serve for all
plate and screen circuits, contributes

68

to the utmost in circuit simplicity.
New tube types can be difficult to ob-

"tain in some rural areas and for this

reason tests were run on some of the
popular numbers using very low plate
voltages. Surprising to say, all of the
common types tried worked very well
if certain basic rules of low-plate-
voltage operation were followed.
Nearly all commercially available
tubes have a certain amount of grid
current leakage (sometimes called con-
tact potential). In Fig. 1 this electron
flow from the cathode to the grid,
through R, and back to the cathode
will develop a voltage drop across R,
and place a negative voltage on the
grid. In the average tube this voltage
may range from .2 volt to 1.5 volts de-
pending upon the value of R, and the
grid structure of the tube. In high-

Fig. 1. Contact potential bias is common.
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voltage applications this small grid
voltage goes unnoticed but when only
12 volts is used for plate supply, this
self-developed grid voltage can bias
many tubes beyond cut-off. However
this objectionable voltage can be
turned into an advantage. When con-
trolled it can be used as a source of
useful grid bias. Generally speaking
this leakage current becomes worse on
tubes with high amplification factors.

When the new 12-volt tubes are used,
good results will be obtained if the
manufacturers’ specifications are fol-
lowed but if ordinary tubes are used,
several rules of thumb can be followed
in selecting tube types and in circuit
design. These simple rules would
include:

1. Select tube types with a low am-
plification factor and a high transcon-
ductance.

2. Except in special cases keep the
grid circuit resistance as low as pos-
sible to reduce bias voltage.

3. When practical, the plate circuit
resistance should be kept low to avoid
excess loss in voltage. This applies
mainly to high-resistance interstage
transformers.

Very few tube manuals continue the
curves down to the lower voltages.
Shown in Figs. 3, 4, and 5 are several
curves for some of the new 12-volt
series and some of the older 12-volt
tubes. As might be expected, the curves
do some odd things in the very low volt-
age regions. Two tubes that proved to
be very useful were the 12A W6 triode-
connected and the 12BHT7.

Nearly all of the well-known circuits
operate quite well with the new tubes
if a few changes are made. These
changes are simple and consist of such
things as removing any cathode biasing

RADID & TV NEWS
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Fig. 2. Simple equipment can be built==>
for Novice who likes to “rough-it.” Power
is gotten from car cigarette lighter socket.
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and placing full plate supply voltage

on the screen. When required, insert a
grid resistor such as the one used in the
rf. amplifier in the converter dia-
grammed in Fig. 7B.

Perhaps one of the most widely used
single pieces of mobile gear is the high-
frequency converter. Either fixed fre-
quency for nets or the tunable kind
have given very good results when
usad with a 12-volt plate supply. Fig. 7B
is the circuit of one designed for a fixed
net frequency. Tuned circuits L.C and
L.Cs are tuned to the signal freguency.
L,C: are tuned to the desired i.f. fre-
quency. The frequency of the crysial
is above or below the signal frequency
by an amount equal to the i.f. frequen-
cy. The tuned circuit LsCe is tuned to a
frequency several hundred Kkilocycles
higher than the crystal frequency and
is not critical. Of special interest is the
grid resistor of the 12AC6 r.f. amplifier.
Do not be alarmed if all r.f. and i.f.

amplifiers resemble a grid leak de-
tector. This is the method for obtain-
ing grid bias.

Fig. 7C is almost identical to Fig. 7B
except that a tunable oscillator is used
in place of the crystal. The oscillator
gave very good results with the coil
tapped about one third of the way up
from the bottom. This circuit gave ex-
cellent results as high as 35 megacycles
with only nine volts of battery supply.
An ordinary 12BE6 also gave very good
results as a converter with this low
voltage. A newcomer desiring to con-
struct a converter such as this will no
doubt need more information than we
have room to give at this time. How-
ever, these circuits are just the old
“standbys” simplified to use low-volt-
age techniques and any good handbook
may be consulted for the mechanical
construction details.

Another gadget (Fig. TA) using the
(Continued on page 107)

Fig. 6. From left to right, a v.h.i. converter, a v.hd. superhet, and a superregen detector plus audio. All use 12 v. on plates,
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A power transistor mounted in a heat sink
used in some Delco-built aqutomobile sets.

Transistor
Heat Sinks

—-—-—'__'_.-_-_-'
-—-'_'_._..-.-_—

By PAUL PENFIELD, JR.

Thermal resistance calculations and some practical

suggestions for experimenters using power transistors.

er transistors is temperature. Ger-

manium models should usually be
kept below 90°C, and unless steps are
taken to insure that the heat gen-
erated is removed to a heat sink, the
transistor dissipation are sometimes

Manufacturers’ ratings on power
transistor dissipation are sometimes
given assuming an “infinite heat sink”
—a mathematical entity which is not
approximated by the usual chassis. It
is important to calculate just how
effective your heat sink really is and
keep your power dissipation down.

This is really quite easy to do be-
cause of an analogy with electric cir-
cuits which makes it easy for radio
people to understand.

All power dissipated in a transistor
appears as heat. Although heat can be
transmitted by at least three processes
—conduction, convection, and radiation
—only conduction is important now.
Fig. 1 shows the path of heat flow
from a power transistor—through the
mounting, through the mica washer, to
the chassis, which heats up. The chas-
sis, in turn, gives the heat to the sur-
rounding air. This cooling method is
simple and widely used.

How hot the transistor junction gets
(call this temperature T;) depends on
the power dissipation P (in watts), on
the temperature T. of the surrounding
air, and on a property of the heat sink
called the thermal resistance 4. In fact,
T;,=T,+P@ so the higher the dissipa-
tion, the further 7T, is above T..

Since all work in this field is done
in degrees centigrade, not Fahrenheit,
convert to °C by the formula:

°C=%("F—32).

It is necessary now to call the tran-
sistor mounting base temperature T:

70

THE major problem in operating pow-

and the chassis temperature at the
transistor T., as indicated in Fig. 1.
(Don’t worry if you get scared by the
math here. It will all be clear in a
minute.) Now the same power P flows
as heat through the mounting base.
the mica washer, and the chassis. Ho.-
much the mica hinders the flow of
heat is expressed in its thermal resist-
ance f«, equal to the ratio of the tem-
perature difference across it (T:—T.)
to the rate of heat flow through it, or
f.=(T—T.)/P.

In a similar way the thermal resist-
ance of the transistor proper, §:, meas-
ures the difference in temperature be-
tween the collector junction and the
mounting base bottom, or

(TJ—T1)=0tP.

And, finally, the difference in tem-
perature between the surrounding air
and the chassis is accounted for by the
thermal resistance §. of the chassis
heat sink.

Each of these three thermal resist-
ances is characteristic of a different
part of the set-up—one of the tran-
sistor, one of the mica washer, and one
of the heat sink. Each is calculated in
a different way, but all are necessary.

It is no accident that these § quan-
tities are called thermal resistances.
They behave with heat flow and tem-
perature the same way electrical re-
sistances do with current and voltage.
In fact, the thermal properties of Fig.
1 are the same as the electrical prop-
erties of Fig. 2, if we let B correspond
to #,Rw to fw, I to P, Vy to T;, V. to
T., and so forth. This is seen by writ-
ing the equations for the electrical “an-
alogue” and replacing each quantity by
the one to which it corresponds. If you
do that, you will come out with just the
equations previously given.
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While the thermal quantities and
equations may be strange, the corre-
sponding electrical ones (using Fig. 2)
should be easy enough. If you got
bogged down in the math thus far, go
over it again, using the electrical an-
alogue, and you’ll see how logical it is.

For example, what we need in prac-
tical cases is the total thermal resist-
ance f§ relating the difference between
T; and T. to the power P. The other
three thermal resistances are helpful
only in calculating this over-all value.

It is obvious from Fig. 2 that this
over-all 4 is equal to the sum of the
other three smaller thermal resist-
ances—an important fact which was
not obvious a moment ago.

With other types of arrangement in-
volving heat sinks in parallel and se-
ries, the corresponding resistances in
parallel and series make a similar type
of electrical diagram. Heat flow splits
between two parallel paths the same
way current does with parallel resis-
tors. The combined thermal resistance
is found from the well-known parallel
resistance rule.

Complicated structures can be an-
alyzed this way very easily.

Calculating Thermal Resistances

The fact that, in our case, the over-
all 4 is just the sum of the three
smaller ones, is very important. Each
of these thermal resistances is found
in a different way.

The transistor thermal resistance 4.
is either specified by the manufacturer,
or can be obtained from a graph such
as Fig. 3, which the manufacturer sup-
plies.

In Fig. 3, the maximum power dis-
sipation is shown for every mounting
base temperature T, This “de-rating
curve” goes to zero at the maximum
recommended junction temperature,
marked T. here. The difference in
temperature between the points “A”
and “B,” where the allowed dissipation

RADIO & TV NEWS
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is one watt, is numerically equal to ..

As far as the mica washer goes, for
the newer transistors with the oblong
mounting base and leads coming out
the bottom, the mica thermal resist-
ance is about .31 °C/watt for each mil
(.001 inch) of thickness. Thus a 3-mil
washer would have a thermal resist-
ance of 093 °C/watt.

A good number for the smaller-con-
tact-area transistors is 0.5 °C/watt per
mil thickness.

The thickness can be measured with
a micrometer if one is available. Gen-
erally thicknesses run from 1.5 up to
4 or 5 mils.

A mica washer only needs to be used
when the transistor case (usually the
collector) cannot be electrically con-
nected to the chassis. Otherwise, omit
the washer and call its thermal resist-
ance zero.

It is assumed good thermal contact
is made between washer and transistor
and between washer and chassis. Be-
fore mounting the transistor, be sure
the chassis area is free from metal
filings, burrs, and dirt, which not only
make for bad thermal contact but may
also punch through the mica. Even
with the best surfaces, though, there
will be air pockets tending to make a
bad contact. To prevent these, coat.the
washer with something to drive out
the air.

Ordinary water would be suitable if
it didn’t evaporate so quickly and
wouldn’t short the transistor to the
chassis. For high reliability such as is
required by the military, silicone
grease (a Dow-Corning product) is
used. But for ordinary use good non-
evaporating lubricating oil, SAE #40,
or preferably a thicker grease, will do.
Test it before use to make sure it is
non-conducting.

Power transistors should never be
mounted ‘“dry” if much power dissipa-
tion is expected.

Ordinary screwdriver tightening is
suflicient to insure good contact if oil
or grease is used.

The thermal resistance of the heat
sink is found by Fig. 4. Use the ap-
propriate line. For instance, if air is
trapped on one side of the chassis and
is not very free to move, that side does
not help the process. The labels on Fig.
4 indicate on which sides the air is
free. It is best (lowest thermal resist-
ance) to use both surfaces. Where that
is impossible, arrange it so the top
horizontal surface is free and use the
sccond line from the bottom in Fig. 4.
The reason for the difference, of
course, is that hot air rises away from
the top horizontal surface, but tends
to stay near the bottom surface, if
that side is the free one.

Aluminum is the best material (be-
sides copper and silver) to use for a
heat sink and Fig. 4 was drawn for
this material. Steel is not as good as a
heat sink.

While these curves were made for a
circular disc of that area, they are not
far off for rectangular chassis provided
the longest dimension is under about
25 inches.
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The sum of the three thermal re-
sistances f., ., and §: gives the over-
all thermal resistance ¢, the quantity
of interest. Now we are able to find
out how much power can be dissipated
safely. For a given T. (room tempera-
ture is 20-23°C) and maximum recom-
mended junction temperature T» (giv-
en by the manufacturer) the power
dissipated should not exceed

Pu=(Tu—TJ/6
It’s as simple as that. The only hard
part was in calculating the thermal re-
sistance.

Think of the electric analogue of
Fig. 2. Now the problem reduces to,
“how much current can I send through
the total resistance without the volt-
age drop exceeding the safe value?”
Phrased this way, the answer is easy
enough to find.

Other problems can be solved as
well. “How big a fin, or chassis, do I
need?’” That depends on the power dis-
sipation. Once that is determined, the
value of §. necessary comes from
working with Fig. 2 and the size of the
fin needed is read from the values given
in Fig. 4.

The only problem remaining is, what
power is meant by P? The original. as-
sumption was that of a steady dissipa-
tion. In practical cases, is P the peak
power? the instantaneous power? the
average power?

No harm can come if P is interpret-
ed as the peak power and this is often
done. Because the instantaneous power
is never greater than this, and is nor-
mally lower, an automatic safety fac-
tor is provided. It is possible to im-
prove this rating by considering the
time constants of the thermal circuits,
but improvement this way may not be
worth while. In experimental circuits
it is good to keep the instantaneous
power always below the rating calcu-
lated for steady power.

However, this is somewhat wasteful,
and if you want to get the most out of
your transistor the next section tells
how to do better.

improving This Power Limit

If the power dissipation is varying
as time goes on, as it will in practical
cases, then there is an average of this
dissipation and let’s call it Pa..

For class A operation the difference
between the average and the maxi-
mum power is not great, since with no
signal the transistor dissipates the
greatest amount of power. Since an
audio amplifier, at least, should be
able to operate safely with no signal,
the no-signal power dissipation should
be used throughout the calculation and
the method of this section will not
help.

For class B (or AB) operation, how-
ever, there is an advantage. The aver-
age power P., will be greatest with
full signal and will be very small with
no signal. For ideal class B operation,
the average power dissipation is about
one quarter of the power input, the
other three-quarters appearing as use-
ful power output. However, in practi-
cal circuits the efficiency will probably
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Fig. 2. This electrical analogue of heat flow
problem has the same sort of equations.
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Fig. 3. Power derating curve of the type
normally supplied by the manufacturer.

be less than 50%, meaning more power
dissipation than output.

When computing the junction tem-
perature, it is permissible to use the
average power P., in connection with
the thermal resistance §. of the chas-
sis, but we should use the peak power
in connection with the other two ther-
mal resistances.

The reason for this is very simple.
The chassis, being composed of a large
amount of metal with a high heat ca-
pacity and losing its heat by the rela-
tively inefficient method of transferring
it to the free air, has a large thermal
time constant. That is, if you try to
heat up a chassis, it takes several min-
utes before it reaches temperature.
The transistor is trying to do just that
—heat up the chassis. Because the
chassis is so sluggish, it takes several
minutes.

(Continued on page 142)

Fig. 4. Thermal resistance of a fin that
has free air on one or on both sides of it.
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sailing into the service shop out -

“AHA!” Barney exclaimed as he came

of a gusty March morning and
found Mac, his employer, bent over a
piece of test equipment on the bench;
“new gadget, huh?”

“Yep,” Mac answered as he plugged
the cord of the instrument into a
socket. “This is a replacement for our
old battery eliminator. I bought it in
kit form and put it together last night.”

“What was the matter with the old
one?”

“Nothing except that it’s outmoded.
As you know, we've been hooking a
battery in series with the eliminator
to work on twelve-volt sets but that
arrangement leaves a lot to be desired.
For some time I've been intending to
buy a new eliminator that would han-
dle both six- and twelve-volt radios,
but I was holding out in the hope some-
one would build in the extra filtering
needed in powering hybrid or all-tran-
sistor sets. In the past few months
several manufacturers have come on
the market with just such instru-
ments; so I no longer had an excuse.”

“I get you. Since the battery voltage
furnished a hybrid or transistor re-
ceiver is equivalent to the plate volt-
age in a tube radio, it must be well
filtered to prevent hum.”

“Your little gray cells are working
today!” Mac applauded. “As you can
see, this eliminator has continuously
variable output voltagzs of either 0-8
or 0-16 volts. Output voltage and cur-
rent are monitored by the two meters.
Notice there are two sets of binding
posts, one on each end of the panel
Those on the left provide moderately
filtered output, with about 2% ripple,
for use in battery charging or with vi-
brator-type sets. You can take con-
tinuous currents of ten amperes at six
volts or five amperes at twelve volts
from them. The posts on the right
furnish five amperes at either voltage
with very low ripple.”

“How is the ripple reduced?”

“By passing the moderately filtered
output through an extra L-section fil-
ter consisting of a heavy choke and a
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By JOHN T. FRYE
THE TIME IS NOW

10,000 pfd. capacitor. This brings the
ripple down to less than .3%. I am not
just taking the manufacturer’s word
for this; I measured it with the scope;
but let me show you the difference.”

As he said this, Mac connected a
high-wattage, low-resistance resistor
across the right-hand output terminals
and adjusted the eliminator so that it
was furnishing about four amperes of
current to the resistor. Then he con-
nected a large capacitor to one of the
tip leads of a pair of earphones and
touched the other earphone lead and
the free end of the blocking capacitor
to the two output terminals on the left
side of the panel. A very noticeable
low-pitched hum came from the
phones. He transferred the connections
to the right-hand terminals.

“Hey,”” Barney exclaimed as he
pressed the muff-type earphones tight-
ly against his head, “I can’t hear the
least trace of hum!”’

“And you shouldn’t,” Mac said as he
turned off the eliminator. “That rip-
ple level must be very low if you are
going to use the eliminator to power
all-transistor sets as I expect to find
in many cars next year. Of course, when
the wvariable voltage feature is not
needed, we can always cut the hum
still more and provide very good volt-
age regulation by floating a battery
across the output of the eliminator, but
I don’t think that will be needed. In a
few cases in working with extremely
high-gain transistor amplifiers we
might want to cut the ripple to an
absolute minimum. Such circuits
would not require any appreciable cur-
rent; so it would be very simple to use
an outboard filter section consisting of
a high-inductance, low-resistance choke
and a whopping big capacitor of low
voltage between the eliminator and the
transistor circuit. About the only time
you would need such extreme filtering
would be in experimental work, but it’s
nice to know a simple addition to the
climinator will provide very nearly
pure direct current.

“While we're talking about it, I want
tc mention-a couple of other points to
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watch in working on the new hybrid
or all-transistor auto sets, in fact, for
working on any set that employs power
transistors in the output. With the
auto sets, you must be very, very sure
that the voltage applied to the set on
the bench has the same polarity as
that provided by the car battery. Re-
versed polarity will ruin the tran-
sistors almost immediately. After being
used to working with interrupter-type
vibrators in which the polarity of the
connections makes no difference, you

could overlook this very easily.

“Make sure, too, that the output
transistors are working into a proper
load at all times. Running a signal into
them with the speaker disconnected is
a fine way to ruin them. And you've
got to be careful what you do with
your test prods when you're working
orr one of these sets. They are as
touchy in that respect as battery port-
ables, but for a different reason. With
the portables, you have to be careful
that you do not accidently short the
high plate voltage across the fragile
filaments and blow them. With the
transistor sets, it’s not the voltage as
much as the almost unlimited current
provided by the battery that you have
to treat with respect. A test prod that
accidentally grounds the base of an
output transistor can ruin the tran-
sistor while you are batting your eyes.
That’s why you must never try to use
the old circuit-disturbance type of
troubleshooting in which you ground a
tube grid and listen for a click in the
speaker in working on transistor sets.
Ground a base and the click you hear
will probably be the last.”

“I’d think that a battery-eliminator,
being fused and providing only a lim-
ited amount of current, might provide
some measure of insurance against that
kind of damage.”

“It does, but don’t depend on it. A
charged 10,000 ufd. capacitor can put
out a lot of current for a few milli-
seconds and a fuse takes an appreci-
able time to melt. Let’s just say you'd
be less likely to ruin a transistor when
the set is being powered by an elimina-
tor than you would when a battery was
furnishing the current.”

“Sounds to me as though we'’re get-
ting pretty transistor-minded all at
once.”

“That we are and I think this is pre-
cisely the time we should. We have to
keep in mind that the attitude of a
practical service technician toward
new electronic developments has to be
considerably different from that of an
experimenter or hobbyist. The latter
start working with the new device as
soon as they can get their hands on it,
but the wise service technician knows
that he cannot do this and still take
care of his bread-and-butter job the
way he should. He has just about all
he can do to keep abreast of the new
circuits that are constantly being
thrown at him by radio, TV, and hi-fi
manufacturers. When and if the new
development proves itself and is in-
corporated in the equipment the tech-

(Continued on page 119)
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INTERMITTENTS Test s'gnal injection also aids in locating in- QUICK, D’RECT, COMPLETE TV TROUBLE-SHOOTING

termitient troubles.

Now, by point-to-point signal injection and

AUDIO Provides a 4.5 mc sound channel, FM mod- o o _
lotad with  approximately 25 ke deviation. test pattern reproduction, you can easily trouble-shoot
(Thbis Icxudio ococrrierI is modulated either :rom and 51gnal trace any Stage throughout the
a built-in 4 cycle tone generator, or from o : 5 1
your own external audio source.) Injection U”deo’ aud”o an’d S!,Ueep Se?tlons Of blaCk & Whlte
of the 400 cycle tone signal simplifies trou- and color TV receivers. With the remarkable
ble-shooting of the audio section. new Model 1075 B&K TELEVISION ANALYST, you can
COLOR Enables you fo trouble-shoot and signal frace quickly isolate and diagnose TV troubles
. CGO‘W c"w”sh'" ';0'0' Tc:/ Sefs'h - (including intermittents). By use of the generated
enerates white dot and crosshatc iti
patterns on the TV screen for color test pattern, you can actually see the copgiltxon ' )
TV convergence adjustments. directly on the picture tube of the television set itself.
Genertf:!es full co‘lior rainbow bplaf- No external scope iS needed. The TELEVISION
tern of orange, red, magenta, blue, 1 :
cyan, green to test color sync cir- ANALYST,‘ 15 praCtl,Ca“y a. complete 95
cuits, check range of hue control, TV service shop in one instrument! Net, $259

align color demodulators, etc.

Sse your B&K Distributor or write for Bulletin 1075-N

BaK MANUFACTURING €O.
3726 N. Southport Ave. - Chicago 13, lllinois

SET Enables you to check and adjust the vertical
ADJUSTMENT and horizontal linearity, size and aspect
ratio of television receivers.

Canada: Atlas Radio Corp., 50 Wingold, Toronto 10, Ont.  Export: Empire Exporters, 458 Broadway, New York 13, U.S. A,
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DICK JURGENS and his band have played in
virtually every state in the union, and just about
every important hotel, night club, theater, and one-
night stand, in the country, has echoed to the
sounds of his music. He has done a number of
radio shows, and made over five-hundred record-
ings with Columbia Records in seventeen years.
He was head of the first all-marine entertainment
unit during World War Il, and toured the South
Pacific for almost two years with this group. His
own band was reorganized again after the war.
Dick Jurgens was co-author of such hit tunes as:
"One Dozen Roses”, “'Eimer's Tune”, *Careless”,
“If | Knew Then", *'A Million Dreams Ago”, and
his theme song, *'Daydreams Come True at Night."
He has come along way in the world of music and
entertainment since his first “big time” engage-
ment at the St. Francis Hotel in San Francisco
some years ago, and is now well known for his
musical talents.

A lesser known side of Dick Jurgen’s life, how-
ever, is his interest and ability in electronics—that
had its beginnings in the late 20's, and has con-
tinued as his main hobby until the present time.
Dick has built about twenty-five Heathkits, and
considers electronics his serious hobby. He espe-
cially likes test equipment and high fidelity projects,
and hopes some day to make a business of his
electronics interests. We are quite proud to list
Dick Jurgens among our “do-it-yourself’” cus-
tomers,

You'll get plenty of these detailed pictorial diagrams
in your Heathkit construction manual to show where each
and every wire and part is to be placed. Everything you
do is spelled out in pictures so you can’t go wrong.
That's what makes it such funt

and here’s why...

1. You get higher quality at lower cost by
dealing direct, and by doing your own
assembly.

2. You receive personal, friendly, service (be-
fore and after sale) for complete satisfaction.

3. You benefit from the latest in engineering
designs because of our concentration on
kit-form equipment only.

4. You may depend on performance as ad-
vertised—backed by Heath's world-wide
reputation for quality.

5. You can take a full year to pay with the
HEATH EASY TIME PAYMENT PLAN.

everybody’s doing it!

Heathkits

By DAYSTROM

...fun to build

and a thnll to own!

(\{Connect a 22 KQ resistor (red-red-orange)
from socket C1 (NS) to ground lug C9 (NS).
See Figure 8.

(V) Connect a .005 ufd disc capacitor from
socket C4 (NS) to IF transformer Q4 (NS).

Bend socket lug C5 and IF transformer lug
Q3 toward each other uatil they make con-
tact and overlap slightly. Solder the con-
nection securely. (1).

Install a .005 pfd capacitor from socket
(NS) to ground lug C9 (NS). Dress th;
acitor close to chassis, under th 3
capacitor previously insta“

Read the step ~: . perform the operation . . . and
check it off—it’s just that simple. These plainly-
worded, easy-to-follow, steps are combined with -
pictorial.diagrams to take you through every phase of
assembly. Let our experience be your teacher!

s
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TIME PAYMENTS . ..

The Heath Time Payment Plan was designed for
your convenience. Now, you can order the kits of
your choice, and peay for them in small monthly
installments. Write for full details

HEATHKIT EXTRA PERFORMANCE
T0-WATT AMPLIFIER KIT

For really high performance, with plenty of reserve power,
the W-6M is a natural. The full 70-watis output will seldom,
if ever, be required. However, this reserve insures dis-
tortion-less sound on power peaks. The W-6M will loaf along
at normal listening levels and yet is always ready to extend
itself when program material demands it, without the least
amount of strain. The output circuit employs 6550 tubes with
a special-design Peerless output transformer for maximum
stability at all power levels. A quick-change plug selects
4, 8 and 16 ohms or 70-volt output and the correct feedback
resistance. A variable damping control is also provided for
optimum performance with any. speaker® system Extremely
good power supply regula’t;on is possible ihrough the use of
a heavy-duty transformer along with- SlliCOﬂ dibde rectifiers,
which are noted for, ‘theirvery®long hfe, gandayet are smaller
than a house fuse. FErequency response at huwatt is =1 db
fromb5cps 10 80 ke \Mth controlled hf\roilo Tabove 100 ke, At
70 watts output harmonic distortion is’ Below 25 20 to 20,000
cps and IM distortion below 1%, 60 and 6,000 cps. Hum and
noise 88 db below full output. In addition to high perform-
ance, its fine appearance makes it a pleasure to display in
your living room. Proper layout of chassis insures ease of
assembly by eliminating those cramped and difficult places
to get at. Clear instructions—and top-quality components.
Get started now and make this amplifier the heart of your
hi-fi system. Shipped express only. Shpg.
Wt. 50 Ibs.

MODEL W-6: Consists of W-6M kit, plus WA-
P2 preamplifier. Express only. Shpg. Wt. 59
Ihs. $129.70

MODEL W-6M
510995

HEATHKIT HIGH FIDELITY FM TUNER KIT

This tuner can bring you a rich store of FM programming,
your least expensive source of high fidelity material. It
covers the complete FM band from 88 to 108 mc. Stabilized,
temperature-compensated oscillator assures negligible
drift after initial warmup. Features broadbanded circuits for
full fidelity, and better than 10 uv sensitivity for 20 db of
quieting, to pull in stations with clarity and full volume.
Employs a high gain, cascode RF amplifier, and has AGC.
A ratio detector provides high-efficiency demodulation
without sacrificing hi-fi performance. IF and ratio trans-
formers are prealigned, as is the front end  yoprL eesa
tuning unit. Special alignment equipment is
not necessary. Edge-lighted glass dial for 52595
easy tuning. Here is FM for your home at a ) ®

. {with cabinet)
price you can afford. Shpg. Wt. 8 Ibs.

HEATHKIT BROADBAND AM TUNER KIT

This AM tuner was designed especially for high fidelity
applications. It incorporates a special detector using crystal
diodes, and the IF circuits feature broad band-width, to
insure low signal distortion. Audio response is =1 db from
20 cps to 9 ke, with 5 db of preemphasis at 10 k¢ to com-
pensate for station rolloff. Sensitivity and selectivity are
excellent, and tuner covers complete broadcast band from

550 to 1600 kc. Quiet performance is assured by 6 db signal-
to-noise ratic at 2,5 UV. Prealigned RF and IF coils 2liminate
the need for special alignment equipment. Incorporates
AVC, two outputs, two antenna inputs, and  yopeL 8c-14
built-in power supply. Edge-lighted glass
shde-rule dial for easy tuning. Your “best 32595
buy' inan AMtuner. Shpg. Wt. 81bs. ) M
{with cabinet)

HEATHKIT MASTER CONTROL
PREAMPLIFIER KIT

Designed for use with any of the Williamson-type amplifiers,
the WA-P2 has five switch-selected inputs, each having its
own level control to eliminate blasting or fading while
switching through the various inputs, plus a tape recorder
output. A hum control allows setting for minimum hum level.
Frequency response i$ within =14 db from 15 to 35.000 cps.
Equalization provided for LP, RIAA, AES, and early 78's.
Separate bass and treble controls. Low im-

MODEL WA-P2
pedance cathode follower output circuit. All
components were specially selected for their 51975
. . ®
high quality. Includes many features which {with cabinef]

will eventually be desired. Shpg. Wt. 7 ibs.

CT0-WATT
AMPLIFIER

Selects and
controls sound
to your taste

PREAMPLIFIER

HEATH COMPANY A Subsidiary of Daystrom, Inc. BENTON HARBOR 15, MICH.
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ADVANCED-DESIGN
25-WATT AMPLIFIER

Top performance
in its
power class/

HEATHKIT ADVANCED-DESIGN 25-WATT HIGH
FIDELITY AMPLIFIER KIT

Designed especially to satisfy critical audio requirements,
the W-5M incorporates the extra features needed to com-
pliment the finest in program sources and speaker systems.
Faithful sound reproduction is assured with a frequency
response of =1 db from 5 to 160,000 cps at 1 watt, and
harmonic distortion is less than 1% at 25 watts, with IM
distortion less than 1% at 20 watts. Hum and noise are a full
99 db below rated output, assuring quiet, hum-free opera-
tion. Output taps are 4, 8 and 16 ohms. Exclusive Heathkit
features include the ‘‘tweeter saver’, and the ‘bas-bal