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It’s no accident that Du Mont’s new Twin-Screen Hi-Lite picture tubes provide ! ;
richer contrasts and sharper focus. They feature the sharp focus of the Hi-R gun T &
design plus the extra brightness of an aluminized screen. F urthermore, each
Twin-Screen Hi-Lite is purposely put through the same stringent tests to assure only
the best of quality in outgoing products.

These outstanding uniform qualities are your guarantee that you always
. get a better picture tube when you specity Du Mont Twin-Screen Hi-Lite — .
And they cost no more than ordinary aluminized w - .

replacement types! ’ £ Ias
) Ask your distributor for Du Mont “Twin-Screen n I
\ Hi-Lite” the next time you buy picture tubes. -

5 ” Cathode-ray Tube Division, Replacement Sales, Allen B. Dy Mont Laboratories, Inc., Clifton, M. J.

DU MONT
Hi-R ELECTRON GUN

Exclusive with Du Mont! Recognized
by customers and competitors alike as
the finest gun available today.

Mericanradiohistory com
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J. E. SMITH, President
National Radio Institute
Washington 9, D. C

[ Will Send You
BOTH FREE

See How I Train You ﬁtome inSpare '|'|me
for Good Pay Jobs in RADIO-TELEVISION

P YouPracticeBroadcasting
w:t Equ:pment I Send

As part of my Communications Course
I send you kits of parts to build the low-
power Broadcasting Transmitter shown
at left. You use it to get practical «xperi-
ence putting this station “‘on the air,” to
perform procedures required of broad-
casting station operators. An FCC Com-
mercial Operator’s license can b your
ticket to a better job and a bright future.

need to get your license. Mail ecoupon
below. See in my book other valuable
equipment you build
and keep.

ou Practlce Servicing™
with Equipment | Send <

Nothing takes the place of PRACTICAL EXPERI- Py,
ENCE. That's why NRI training is based on LEARN- -
ING BY DOING. You use kits of parts |
furnish to build many ecircuits common to
both Radio and Television. With my {
Servicing Course you builil the modern
receiver shown at right. You also build
an Electronic Multitester which you can
use to help fix sets while training at
home. Many students make $10, $15 A
a week extra fixing neighbors’ sets in
spare time, starting soon after enroll-¥
ing. | send you speciul booklets that
show you how to fix sets. Mail coupon
for 64-page book and actual Servicing

Lesson, both FREE -l? '

I TRAINED THESE MEN AT HOME

‘“‘Started repairing Radios six ‘““‘Am with WCOC. NRI
’ course can't be heat. Passed
Ee) exam for first class Radio-

months after enrolling.
=~ Earned $12 to $15 a week,

spare time."”"—ADAM - phone license with no trouble
°  KRAMLIK, JR., Sumney- at all.’’—JESSE W.
‘ . town, Pennsy’ lvania. VA PARKER, Meridian, Miss.

“I've come a long way in
Radio and Television since
graduating. Have my own
business on Main Street.”—

2  JOE TRAVERS, Asbury
Park, New Jersey.

“Manager of meat market

‘ \ when I began. Answered ad
N¥en <! for Radio serviceman. Got
job. Pay increased 50% in

'» year.'—C. CARTER, San
3 Bernardmo, California.

books.'’' -

AVAILABLE TO

1955

My course gives you the training vou.

“Am with WNBT as video
contro! engineer on RCA
color project. Ovee a lot of
my success to ¥your text-
—~ WARREN
DEEM, Malvernp, N. Y.

VETERANS

UNDER GI BILLS

TRAINING plusOPPORTUNITY
isthe PERFECT combination.The
sample lesson I send will prove to
you that it is practical to keep
your job while TRAINING
right in your own home for better
pay and a brighter future. My 6.1-page
book should convinece vou that Radio-
Television is truly today’s field of
OPPORTUNITY.

TELEVISION MAKING
JOBS, PROSPERITY

Radio, even without Television, is bigger
than ever. 115 million home and auto
Radios create steady demand for service.
3000 Radio stations
give interesting,
good pay jobs to
operators, techni-
cians. NOW ADD
TELEVISION. 25
million Television
homes and the total
growing rapidly. 200 Television stations
on the air and hundreds more under con-
struction. Color Television soon to be a
realitv. Government, Aviation, Police,
Ship, Micro-wave Relay, Two-way Com-
munications for huses, taxis, trucks, rail-
roads are growing fields providing good
jobs for men who know Radio-Tele-
vision. All this adds up to good pay now,
a bright future later for men who quallfy

man will call. Please write plainly.)

Good for Both - FREE

Mr. J. E. SMITH, President, Dept. 5JFT,
National Radio Institute, Washington 9, D.C.

Mail me Sample Lesson and 64-page Book, FREE. (No sales-

START SOON TO MAKE
$10, $15 A WEEK EXTRA

An important benefit of Radio-Television
training is that you can start to cash in
fast. Many men [
train fix neighbors’
sets, make extra
money, starting
soon after they en-
roll. Multitester
built with parts [
send helps locate
and correct set troubles. Read at left how
you build actual equipment that gives
you practical experience, brings to life
what you learn from my lessons.

MEN OF ACTION NEEDED
MAIL COUPON TODAY

Act now to enjoy more gaod things of life.
Get the benefit of my 40 years’ experience
training men at home. Take NRI training
for as little as $5 a month. Many NRI
graduates (some with only a grammar
school education) make more in two weeks
than the total cost of training. Find out
about this tested way to better pay.
Mail coupon below today for Actual Les-
son and 64-page Book— BOTH FREE.
J. E. SMITH, President, National Radio
Institute, Dept. S5JFT. Washington 9,
D. C. OUR 40TH YEAR.

‘ ABCS
TS“ERV\C\NG

Name. LAge
Address.
(07 S — S — Zone.....State. ..

write in date
of discharge. .

VET
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bl Nl Associate Editor Making Printed Circuits |s Easy . by Tom Jaski 34
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e MEn(z:or'al e Flexible Radio Control System, Part |l—
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The trichromatic principle; transmission problems;
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Noisy Fishes (Cover Feature)
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Rl by Eric Leslie 64
Transplanting Amplifiers. _by Charles L. Hansen 65
Circuit Features in Hi-Fi Power Amplifiers... by Robert F. Scott 79
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ADVANCE! Raise your earning power-learn

GOOD JOBS AWAIT THE
TRAINED RADIO-TV TECHNICIAN

There is a place for you in the great Radio-Television-
Electronics industry when you are trained as National
Schools will train you at home!

Trained technicians are in growing demand at good pay
—in manufacturing, broadcasting, television, communica-
tions, radar, research laboratories, home Radio-TV service,
and other branches of the field. National Schools Master
Shop-Method Home Training, with newly added lessons
and equipment, trains you in your spare time, right in
your own home, for these fascinating opportunities.
OUR METHOD IS PROVED BY THE SUCCESS OF
NATIONAL SCHOOLS TRAINED MEN, ALL OVER
THE WORLD, SINCE 1905.

EARN WHILE YOU LEARN

Many National students pay for all or part of their train-
ing with spare time earnings. We'll show you how you can
do the same! Early in your training, you receive “Spare-
time Work’” Lessons which will enable you to earn extra
money servicing neighbors’ and friends’ Radio and Tele-
vision receivers, appliances, etc.

T.R.F. Receiver

Signal Generator Audio Oscillator

National Schools Training is All-Embracing
National Schools prepares you for your choice of many
job opportunities. Thousands of home, portable, and auto
radios are being sold daily—more than ever before. Tele-
vision is sweeping the country, too. Co-axial cables are
now bringing Television to more cities, towns, and farms
every day! National Schools’ complete training program
qualifies you in all fields. Read this partial list of opportu-
nities for trained technicians:

Business of Your Own ¢ Broadcasting

Radio Manufacturing, Sales, Service ¢ Telecasting

Television Manufacturing, Sales, Service

Laboratories: Installation, Maintenance of Electronic Equipment

Electrolysis, Call Systems

Garages: Auto Radio Sales, Service

Sound Systems and Telephone Companies, Engineering Firms

Theatre Sound Systems, Police Radio

And scores of other good jobs in many related fields.

TELEVISION TRAINING
You get a complete
series of up-to-the-
minute lessons cov-
ering all phases of re-
pairing, servicing and
construction. The same
lesson texts used by resi-
dent students in our
modern and complete Television broadcast studios, lab-
oratories and classrooms'

SEPTEMBER, 1955

RADIO-TELEVISION - ELECTRONICS
by SHOP-METHOD
HOME TRAINING prGLL

You also
receive this
Multitester

Superheterodyne Receiver

LEARM BY DOING

Youreceiveand keepall the
modern equipment shown
above, including tubes and
valuable, professional qual-
ity Multitester. No extra
charges.

FREE! RADIO-TV BOOK
AND SAMPLE LESSON!
Send today for
National Schools' new,
illustrated Book of Oppor-
tunity in Radio-Television-
Electronics, and an actual
Sample Lesson. No cost—
no obligation. Use the
coupon now—we'll
answer by return
airmail.

APPROVED FOR

VETERANS
AND Both

NON-VETERANs | Resident and

Home Study
Check coupon below | ¢ /rees Offered!

NATIONAL SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905

Los Angeles 37. California ® Chicage: 323 W. Polk
Street. In Canada: 811 west Hastings Street, Van-
couver, B. C.

GET FACTS FASTEST! MAIL TO OFFICE NEAREST YOU!

(mail in envelope or paste on postal card)
NATIONAL SCHOOLS, Dept. RG-95

4000 S. Figueroa Street 323 West Polk Street
Los Angeles 37, Calif. oL Chicago 7, fit.
Send FREE Radio-TV Electronics book and FREE sample
lesson. No obligation, no salesman will call.

NAME —_ BIRTHDAY 197
ADDRESS
CITY _ZONE STATE

[J Check here if interested ONLY in Resident Training at Los An-
geles. VETERANS: Give Date of Discharge .

WWW.americanradiohistorv.com
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TV STATION SATURATION in the
U. S. was placed at 673 by CBS re-
searchers. This includes the approx-
imately 430 stations now in operation
as well as prospective ones that now
possess construction permits or have
applications on file before the IFCC.
CBS says this is due to economic limita-
tions, the high cost of installation and
operation making it too costly to funec-
tion in small towns and sparsely settled
areas. This adds up to an expectancy
of fewer than 250 more stations.

TRANSISTORIZED phonograph has
been demonstrated recently by Philco.
The unit, using three transistors, will
play up to 3,000 standard 45-r.p.m.
records using the power supplied by
4 flashlight cells. Because of the ex-
tremely low current drain, 150 hours
of continuous operation are possible.
Fresh cells can be quickly inserted
through a trapdoor at the bottom of
the cabinet.

The phonograph uses the smallest
turntable motor on the market, a 4-
volt unit weighing less than 3 ounces
and approximately one-fifth the size
of a conventional motor. A printed
wire chassis is used (see photo) and
the tone arm acts as the on—off switch,
stopping the turntable and turning off
the phonograph after each record.

This transistorized phonograph fol-

lows shortly the Phileco announcement
of a transistorized auto radio (Radio
Month, July, 1955).

PROJECT TINKERTOQY, code name
for a system of automatic mass pro-
duction of electronic devices (RaDIO-
ELECTRONICS December, 1953) devel-
oped jointly by the Navy Bureau of
Aeronautics and the National Bureau
of Standards about 2 years ago, will
shortly make its appearance in Du
Mont TV receivers. The Compac mod-
ule made by A. C. F. Industries, Alex-
andria, Va,, is presently undergoing
engineering tests at Du Mont. A. C. I.
says its module is of a stacked wafer
design and will, as a single unit, re-
place about two-thirds of the compo-
nents within a TV set at about the
sanie cost.

ELECTRONIC FISHING aid has
been invented in Japan that has the
professional fishermen agog. The de-
vice, based on the theory that an under-
water radio beam will be followed to
its source by fish, consists of a small
“radio-beam generator” in the center
of a large Y-shaped net.

Professor Ando of Ehime Univer-
sity, Japan, inventor of the unit, said
its first tryout was highly successful,

“We just dropped the net into the
water and the fish swam into it in
droves.”

The Philco transistorized phonograph—component parts are shown at right.

6
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As always, Electro-Voice is FIRST! Now E-V
sponsors this unique and exciting contest. For a
lifetime after this glorious listening experience
you will judge music reproduction equipment by
its ability to approach the perfection already
achieved by E-V sound matched high fidelity
components and loudspeaker systems!

WIN this “Double-Size” FIRST PRIZE!
(1)

Week-End with High Fidelity ALL-
EXPENSE-PAID weck-end trip for
two ... from wherever you enter the
contest to Electro-Voice—the Home
of High Fidelity! Take part in the as-
sembly of your own wonderful prize,
if you wish.

Lifetime of High Fidelity Music with
your own incomparable Patrician 4-
way audio reproducer and the beauti-
ful Peerage console complete with all
equipnient!

9 MORE PRIZES!

3 SECOND PRIZES . . . magnificent E-V 15TRX
15 in. three-way speakers!

3 THIRD PRIZES . . . outstanding E-V 12TRX
12 in. three-way speakers!

3 FOURTH PRIZES . . . powerful E-V 12TRXB
12 in. three-way speakers!

Just two pleasant steps: (A) Hear E-V high fidelity
demonstrated by your E-Y Distributor. (B) Fill in
and mail the official entry blank, provided by E-V
Distributor. (Be sure the salesman signs your entry
blank.) Contest starts August |, 1955, Contest
closes at midnight, September 30, 1955.

ElecthoYorec

Gentlemen: T want a chance to win a “Week-
End with High l‘ldell[)‘.” _Please se.nd.mc the
namesof nearest participating E-V Distributors.

ELECTRO-VOICE, INC.
BUCHANAN, MICHIGAN

Neme._ -

Address_ — -

City. Zone___State
My nearest large
trading center is.___ ~

RADIO-ELECTRONICS
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NOW...at home...get D.T.L's "N
amazingly effective NEW training in

Build and keep
D.T.1.'s new
VACUUM TUBE
VOLTMETER ...
one of the most
useful of all test
instruments.

RADIO-ELECTRONICS! Nothing else like it for providing real LABORATORY-
TYPE training at home. Get the kind of thorough, practical experience YOU NEED
for the kind of progress YOU WANT in today’s tremendous field of Television,
Radio and Electronics. Qualify yourself for real money . . . interesting work . . .
a wonderfully promising future. And when you finish, D.T.l.'s active Employment
Service HELPS YOU GET STARTED! Or open your own profitable Television-Radio
ervice Business.

- THOUSANDS OF SUCCESSFUL GRADUATES
Exclusive
HOME WHY has D.T.). become one of the lcrgest training organizations
of its kind? Because it provides EVERY MAJOR HOME TRAINING
MOVI ES AID to help make the subject EASIER to learn . . . EASIER to re-
help you grasp member—the kind of training so helpful for REAL PROGRESS.
important points Students get thorough, up-to-date, practical training that TAKES
FASTER . . . ADVANTAGE of new and improwed training developments.
EASIER . . . Study the ADVANTAGES shown on this page. Think what they
BETTER. can mean to YOU . . . to YOUR FUTURE! Or come to D.T.L.'s
—) Gl mendors big Training Laboratories in Chicago. MAIL COUPON TODAY
w advantage! for complete facts —including valuable publicatien, 89 Ways

fo Earn Money in Television-Radio-Electronics.” Also, valuable

-
Remarkable NEW Styrene information for men subject to MILITARY SERVICE.

E l. E c T R o l. A B* ‘One of America’s Foremost Television Training Centers’”
- -

Insert pictotial diagram on fransparent sty-
rene base. (See insert.) Mount parts to follow
pattern—using handy *‘snap in"' fasteners.
Eliminates wiring errors. Tops for speedy
circuit changes . . . for providing maxi-

e

Technjcal Institute

mum circuit experience in minimum R EEY PN N Sead T
Rl [ Sukd and operale stores of CHICAGO 41, ILLINOIS

LL _—

electron’c circuit shown below. Formerly DeFOREST'S TRAINING, INC.
\- 1

.‘ Y MAIL COUPON TODAY /89%
. é,
. DeVRY TECHNICAL INSTITUTE wor?
4141 Belmont Ave., Chicago 41, iil.  Dept. RE-9-L '.:'“'u:,, J

angy

0 ¢ o “ lllg,o'k
| would like complete facts including “89 Ways

to Earn Money in Television-Radio-Electronics.”

Name Age

Street. Apt

City__ Zone State
D.T.l.’s training is available in Canada.

SEPTEMBER, 1955 7
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Movie Sereon Brightiose
fo QMTVP%

TUNG-SOL

Magic
Mirror

Aluminized

PICTURE TUBE

Yes, you can have a sharper,
clearer TV picture . . . a picture
with all the depth and detail
you enjoy on the movie screen.

The Tung-Sol “Magic-Mirror”
Aluminized Picture Tube gives
you deeper blacks, more

brilliant highlights and in-between
tones that will make your picture
fairly come alive. So treat yourself
to new TV viewing pleasure

with a Tung-Sol “Magic-Mirror”
Aluminized Picture Tube.

The finest TV sets are factory-
equipped with receiving and
picture tubes made by %’ung-Sol
—one of'America’s leading
electron tube manufacturers.

TUNG-SOL ELECTRIC INC., Newark 4, N. J.

Sales Offices: Atlanta, Chicago,
Columbus, Culver City (Los Angeles),
Dallas, Denver, Detroit, Montreal
(Canada), Newark, Seattle.
and Electronic

TUNG-SOL /.

e () 0 #

Miniature Sealed Beam Signal Radio And
tomps Heodlamps Flashers TV Tubes

O 8 |

Aluminized Special Purpose  Semiconductors
Picture Tubes Tubes

Automotive

THE RADIO MONTH
SOLDERLESS CONNECTIONS are

being used in current RCA television
chassis. The connections consist of six
or seven turns of wire tightly wrapped
on a “stake” or terminal (see diagram).
The wire is wrapped with a power tool
similar to an electric hand drill. The
machine spins the wire on the terminal

with such force that the corners of the
terminal bite into the copper wire,
forming a positive contact held in place
by the tension of the many turns of
wire.

These connections are used in many
locations in the receiver, but most fre-
quently on the printed-circuit boards.
RCA recommends that should this wire-
wrap joint be disconnected, it should
be reconnected by soldering, not by
rewrapping. The wrapped connection
is said to be mechanically and elec-
trically equal to soldered connections.

EDUCATIONAL TV AUDIENCE will
reach almost 46 million when the 13
educational television stations now
under construction are completed. This
estimate is based on a survey conducted
by the National Citizens Committee for
Educational Television. About 100
additional cities have shown sufficient
interest in educational TV to appoint
ways and means committees.

Of the new stations under construe-
tion, 6 are community type, owned and
operated by nonprofit corporations;
3 will be under the control of educa-
tional institutions and 4 will become
part of state networks.

Of the 13 stations under construc-
tion, 11 will be v.h.f., the other 2 u.h.f.
At present, there are 13 educational
TV stations on the air; 10 are v.h.f.
and 3 are u.h.f.

TV ON ASIATIC MAINLAND has
swung into action as a powerful sup-
porter of freedom in Asia. The station,
located in Bangkok, Thailand, is the
first of its kind on the Asia mainland
(Japan and the Philippine Islands have
TV) and is a Government-sponsored
agency known as the Thai Television
Co. The Government plans to use TV
as a mass-scale education medium.

As announced by Meade Brunet,
managing director of the RCA Inter-
national Division, more than a year
ago the Thai Government sent seven
Thai engineers to the United States
for training with RCA Institutes and
the National Broadeasting Co. The
Asian station uses modern apparatus,
including the latest type RCA 11-kw
transmitter, and mobile TV unit for
remote telecasts.

WWW-americanradiohistorv.com

(Confinued)
TWO NEW TV STATIONS began

operation and one left the air since
last month’s report. KRNT-TV, Des
Moines, Iowa, began operation June 20,
on channel 8. A new Canadian starter,
CBOFT, channel 9, Ottawa, Ont., is
the only North American station with
an unhyphenated five-letter call. It
will broadecast in French exclusively.

The station leaving the air is WNET,
Providence, R. I., channel 16.

WWLP, Springfield, Mass., changed
frequency from channel 61 to channel
22 on July 2.

VERSATILITY is the design keynote
of a transistorized portable radio
demonstrated by Capehart-Farnsworth.
The tiny unit, no larger than a pack
of king-size cigarettes and weighing
only 6.4 ounces, can be operated with
a miniature earphone, with a matching
speaker about its own size, or installed
in an ashtray base with a larger

speaker (see photo) and powered by
a.c. When used with the “ashtray
speaker,” the volume and sensitivity

compare with that of a five-tube radio.

¥A

-

RADAR SPEED CHECK has been

held admissible in court. In a recent
decision by the New Jersey Supreme
Court against a bus company, the jur-
ists ruled that evidence of speeding
obtained by properly operated radar
equipment may be used in court and
“may readily support a finding of guilt.”
Attorneys for the bus company
argued that a recording device attached
to the bus showed the speed limit was
not exceeded, and that the radar equip-
ment was not calibrated properly.

FLOATING TV STATION is the plan
of television experts and businessmen
for providing video signals for South
Africa’s four biggest ports. Operated
3 miles offshore, in international waters,
the sea-going transmitter will beam
programs to Durban, Capetown, Port
Elizabeth and East London.

A member of the group planning the
project said that it has been proved
in the United States that an independ-
ent TV station can be an economical
proposition in a city with about 50,000
inhabitants. He said further, “Such a
station could give excellent service to
any of the four cities in turn, and two
‘floating stations’ could give each of
these ports a daily service.

“QOperating 3 miles out to sea would
also do away with a number of technical
difficulties, for there would be no moun-
tains or other such obstacles.” END

RADIO-ELECTRONICS
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Add Technical Training
To Your Practical Experience -

GET YOUR FCC LICENSE

INAHURRY /

Then use our Amazingly Effective
JOB-FINDING SERVICE

G

LN
\NC\:“::IDG PY
R’ A\H
]

O TELLS HOW -
) WE GUARANTEE

TO TRAIN AND COACH YOU
AT HOME IN
SPARE TIME UNTIL YOU GET

YOUR FCC LICENSE

If you have had any practical experience—
amateur, Army, Navy, radio repair, or
experimenting.

O 7TELLS HOW—

( Here Is Your
GUARANTEE

If you fail to pass your
Commercial License
exam after completing
our course, we guaran-
tee to continue your
training without addi-
tional cost of any kind
until  you successfully
obtain your Commer-
cial License.

" @TELLS HOW~

EFFECTIVE JOB-FINDING SERVICE
HELPS CIRE TRAINEES GET BETTER JOBS

Here Are Just 2 Few Recent Examples of Job-Finding Results:

INDUSTRIAL ELECTRONICS
“I have just started my new job at I.B.M. CIRE training helped me get
the job. It also helped me get a good starting rate.”
Stanley Renfro, Beacon, New York
MOBILE SERVICING
“I am now employed by the Permian Basin Commnnications, Inc. and now
manage the service shop in Odessa, Texas for Motorola 2-way communi-
cation equipment. I got the job through your Job Finding Services. My
sincere thanks.” Robert W. Cook, Odessa, Texas
ELECTRONICS TECHNICIAN
“I am now e{nployed by the Collins Radio Company as a Jr. Lab Tech-
nician. {This job was listed in your bulletin.) I have used the information
gathered from your course in so many ways and I
know that my training with CIRE helped me a

Employers make JOB OFFERS Like These
to Our Graduates Every Month

Broadcast Station in IHinois: “*We are in need of an engineer with a first clasg
phone license, preferably a student of CIIRRE; 40 hour week plus 8 hours overtime. ’

West Coast Manufacturer: **We are currently in need of men with electronics

auonsl |Es TSHTE SNDL:; great deal to obtain this job."”
h s ] .

dTRE e Wi Charles D. Sindelar, Cedar Rapids, Iowa
SEELESSS:

M = Your FCC Ticket is recognized by employers as proof
TIONS WITH ALL f AN
LESSONS AND of your technical ability.
FINAL TESTS.

training or experience in radar maintenance, and we would appreciate if
vou will refer interested persolis to us.'’

These are just a few exambles of the job offers that come to our office period-
ically. Some licensed technician filled each of these iobs . . . it might have
been you!

HERE'S PROOF FCC LICENSES ARE OFTEN
SECURED IN A FEW HOURS OF STUDY With
OUR Coaching AT HOME In Spare Time.

Name and Address License Lessons

A/1C Ronald H. Person

St. Louis 20, Mo.............. 1st 25 weeks An Approved
Carl Verboomen Memb

Wrightstown, Wis. [UURRNR £ 1 18 weeks emied
Marvin F. Kimball

Lafeyette, Ind.. . . i 2nd 21 weeks
L. M. Bonino

Harlingen AFB, Tex. ... 2nd 16 weeks
John E. Hutchison

Bluefield, W. Va.... ....1st 27 weeks

Carl E. Smith, E.E., Consulting Engineer, President
CLEVELAND INSTITUTE OF RADIO ELECTRONICS
DESK RE-80, 4900 Euclid Bldg., Cleveland 3, Ohio

SEPTEMBER. 1955

GETALL 3 FREE/

MAIL COUPONNOW ¢

= Cleveland Institute of Radio Electronics

Desk RE-80—4900 Euclid Bldu., Cieveland 3, Obhio
(Address to Desk No. to Aveid Delay)
I'lease send at once., withoul obligation, your FREE booklet, ‘*How to Pass
FCC License Examinations'’” (does not cover exams for Amateur License): a
sample FCC-tyDe lesson and the imbortant new information booklet. ‘‘Money-
making FCC License Information.’”” Be sure to tell me about your Televigion
Engineering Course.
PLEASLE PRINT CLEARLY

r-----. e

NAME. . . Rt S S . AGE.
ADDRESS.
CITY <o ZONEL STATE.
FOR PROMPT RESULTS, SEND AIR MAIL l
Special tuition rates to memhers of the U.S. Armed Forces
Electronic Training also available to Canadian Residents .
N N S N BN B B DD B ED ED B B B D ES O Bm Ee B B Y

www-americanradiohist®rv. com


www.americanradiohistory.com

| BURTON GROWNE AOY

Pat. pend.

by PYRAMID

No
center
mountirg
Full air
ventilation
between plaZes
Light contact and
constant assembly
pressure

Mo center hot spots

Lightest weight per

unit of output power
Lower initial forward resistance—

better voltage regulatior
Smaller overall size for each rating—
cost no more
Better for all electrical and electronic equipment
because of
e Improved convection cooling
e Simpler mounting
e Longer life anc minimum aging
e Designed for more rugged servic2 and rated for use in high
ambient temperatures

Importanl
...eff’) is the rectifier
most readily adaptable #o
printed circuit applications.

Because of the “ixed edge mount
voke, assembly requires only one whist er
die, one hole fixed, one hcle variable to tarze

dimensions. For complete information write

RECTIFIER DIVISICN

2 PYRAMID ELECTRIC COMPANY North Bergen, N. J.

u WwWwWW.americanradiohistorv.com
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TRAINS YOU AT HOME IN
RADIO-TV ELECTRONICS

NEW AND UP-TO-DATE HOME STUDY
COURSE « « « Clearly written by men with
years of servicing and teaching experience.
Easy to understand . . . step-by-step in-
struction.

NO PREVIOUS EXPERIENCE RE-
QUIRED. This Home Study Course was

specifically prepared for students with no
previous electronics training . . . for those
who want a sound foundation in this excit-
ing field.

A PRACTICAL COURSE. - - You receive
completely workable kits and perform valu-

able experiments to demonstrate the theory
learned. In fact, many students will be able
to do service work even before they complete
all the lessons,

RCA INSTITUTES, INC.

A SERVICE OF RADIO CORPORATION of AMERICA
350 WEST FOURTH STREET, NEW YORK 14, N.Y.

SEPTEMBER, 1955

YOU BUILD AND KEEP THESE FINE IN-
STRUMENTS SHOWN

* a multimeter

¢ a 6 tube superheterodyne receiver

e an r.f. signal generator

e a television receiver

SINCE 1909, RCA INSTITUTES has
trained thousands of men in Radio-TV Elec-
tronics in our Resident Classes. Many have
well-paying jobs in industry; some have es-
tablished their own business. Now this op-
portunity is available to you at home.

“pPAY-AS-YOU-LEARN" PLAN . . .

There is no binding contract. You pay for

one study group at a time, as you progress
through the course. The cost for everything
—including the high quality equipment that

RCA Institutes, Inc., Home Study Dept.- E35
350 West 4th Street, New York 14, N. Y.

Without obligation, send me FREE CATALOG on the Home Study Course
in Radio-TV Electronics. No salesman will call.

you receive and build—is amazingly low,
RCA INSTITUTES—a service of Radio
Corporation of America—is licensed by the
New York State Education Department . . .
recommended by radio and television serv=
ice organizations.

SEND FOR
FREE
CATALOG
NowW

Name
Please Print
Address.
City Zone State

WWW._americanradiohistorv.com
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«..and leaders today!

Ask those who know—the experienced professionals and the
veteran hi-fi owners—and you'll get answers like these:

“Pickering was first to introduce many bigh fidelity
features that have become accepted standards today.”

“Pickering bas always been the pace-setter
in the race for perfection.”

“Pickering still sets the goals to which others aspire.”

here are good reasons for such praise. Every product bearing the
Pickering name is precision engineered to give optimum performance.
Each individual component is rigidly tested before it reaches the dealer
. subjected to the severest quality control procedures to make sure
that every @component comes up to the high standards expected of
Pickering equipment.

If you want the best that high fidelity can offer ... if you are willing to
invest just a little more to get a lot more listening pleasure, now is the time
to ask your dealer for a demonstration with Pickering components. See
if you, too, don’t hear the difference!

PICKERING PROFESSIONAL AUDIO COMPONENTS

i AN ARy ) A

«es Demonstrated and sold by Leading Radio Parts Distributors everywhere. For the one nearest you and for detailed literature; write Dept. P-8
12 RADIO-ELECTRONICS

WWW.americanradiohistorv.com
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FROM THE
BOOK-OF-THE-MONTH CLUB

MAY WE SEND You—without charge—aNy ONE OF THESE

Music~APPRECIATION RECORDS

to demonstrate how much you can enhance your

enjoyment of any great work of music when you
are properly primed about WHAT TO LISTEN FOR

ON ONE SIDE there is a full per-
formance of a great musical
work. The records feature or-
chestras and soloists of recog-
nized distinetion in this country
and abroad. You listen to this
performance first, or afterward,
as you desire, and then ...

ON THE OTHER SIDE is an illu-
minating analysis of the musie,
with the themes and other main
features of the work played sep-
arately with running explana-
tory comment. so that you can
learn what to listen for in order
to appreciate the work fully.

11s NEw 1pEA is designed for
Trhose who enjoy good music
but who are aware, too often, that
they do not listen to it with complete
understanding and appreciation. It
is really a highly enjoyable form of
self-education in music—for every
member of the family. Here is a
letter, typical of thousands received;
it came from JARMILA NOVOTNA,
Metropolitan Opera star. “Music
has been my whole life—but not
until I heard my first Music-Appre-
ciation Recorp did I realize how
much 1 had been missing when I
listened to orchestral music. I sub-
scribed originally for my son, but
quickly found that my own enjoy-
ment of orchestral music was in-
creased far beyond what I dreamed
possible.”

YOU SUBSCRIBE BUT TAKE ONLY
THE RECORDS YOU WANT... A new
Music-AppreciaTiON RECORD s
issued—for subscribers only—every
month, preceded by an announce-
ment written by the noted composer
and music commentator Deems
Taylor. After reading this descrip-
tive essay you may take the record
or not, as you decide at the time.
You are not obligated lo take any
specified number of records. And

SEPTEMBER, 1955

you may stop the subscription at
any time you please!

TWO TYPES OF RECORDS ARE
AVAILABLE. . All Music-ApprECia-
tion Recorps are high-fidelity,
long-playing records of the highest
quality—3314 R.P.M. on Vinylite.
They are of two kinds: first, a so-
called Standard Record—a twelve-
inch disc—which presents the per-
formance on one side, the analysis
on the other. This is sold at $3.60,
to subscribers only. The other is an
Analysis-Only Record—a ten-inch
disc—priced at $2.40. The latter is
made available each month for any
subscriber who may already have a
satisfactory long-playing record of
the work being presented. (A small
charge is added to the prices above
to cover postage and handling.)

TRY A ONE-MONTH SUBSCRIPTION
—~WITH NO OBLIGATION TO CON-
TINUE . . . Why not make a simple
trial, to see if these records are as
pleasurable and as enlightening as
you may anticipate? The first rec-
ord you choose will be sent to you
at once—at no charge. You may
end the subscription immediately
after hearing this record, or you
may cancel any time thercafter.

{ =g Richard Strauss’

TILL EULENSPIEGEL’S
: MERRY PRANKS
o Smetana’s THE MOLDAU (on ONE 127 DISC)

George Szell, conducting The Music Appreciation
Symphony Orchestra

Prokofiev’s CLASSICAL SYMPHONY

Britten’s YOUNG PERSON’S GUIDE
B (0N oNe 127 Disc) TO THE ORCHESTRA

Alfred Wallenstein, conducting
The Music Appreciation Symphony Orchestra

T J.S.Bach’s suite FOR ORCHESTRA NO. 3
IN D MAJOR

George Szell, conducting The Music Appreciation
Symphony Orchestra

e

Wagner’s OVERTURES TO TANNHAUSER
(oNnoNe 127 piscy  and DIE MEISTERSINGER

Norman Del Mar, conducting The London Symphony
Orchestra

Schumann’s PIANO CONCERTO
IN A MINOR

Eileen Flissler, Pianist
Thomas Scherman, conducting The Little Orchestra

Mendelssohn’s VIOLIN CONCERTO

IN E MINOR
Fredell Lack, Vielinist
Alexander Smallens, conducting The Stadium
Concerts Symphony Orchestra

MUSIC-APPRECIATION RECORDS
¢/ o Book-of-the-Month Club, Inc.
345 Hudson Street, New York 14, N. Y.
Please send me at once, without charge. the MUSIC-APPRECIATION
Recorp checked below and enter my name in a Trial Subscrip-
tion to Music-APPRECIATION RECORps. under the conditions stated at
left. It is understood that, as a subscriber, I am not obligated to
buy any specified number of records. but may take only those I want.
Also, 1 may cancel my subscription after hearing this first record, or
any time thereafter at my pleasure, but the introductory record is
free in any case.

AS MY FREE DEMONSTRATION RECORD PLEASE SEND ME

[ Strauss' Till Eulenspiegel [ Prokotlev’s Symphony (] Schumann's Concerto
and Smetana’s The Moldau and Britten's Guide

[ Bach’s Suite for Orchestra  [] Wagner's Overtures

R39-9

3 Mendelssoha’s Concerto

Mr.
Mrs. ¢ ...
Miss (PLEASE PRINT)
ADDRESS:.. 2§ e mreiirere S tes
CITY....a.. ZONE STATE
MAR 36

www.americanradiohiStorv.com
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WANTED

FOR VALUE

An amateur, P. A. and tape recording
microphone known to be in the vi-
cinity of the price people want to pay

TURNER

MODEL 808 CRYSTAL |
Response: 60—7,000 ¢.p.s.
Level: =49 db.

ALIAS
MODEL 807 CERAMIC

Response: 80—7,000 c.p.s.
Level: =57 db.

ALIAS
MODEL 809 MAGNETIC
Response: 100—8,000 c.p.s.
Level: =52 db.

ALIAS

THE CHIEF

Subject microphone has been seen in
desk, stand and hand use where quality
was demanded, accompanied by com-
pact size and low cost. By virtue of its
good looks and versatility, the Chief is
sought by the public for economical
amateur use, public address and paging,
and is ideal original or replacement
equipment for tape recorders. Chief
Model 808 has moisture sealed crystal,
is wind and blast proof. Ruggedness,
good performance and resistance to high
humidity and heat are characteristic of
Chief Model 809 with magnetic interior.
Chief Model 807 with ceramic interior
has heat and humidity resistance at a
lower cost.

For complete information, write today to

COMPANY

933 17th Street, N. E.,
Cedar Rapids, lowa

THE

14

| Tape Recorders” (April, May), I eame

most effective “articles” that could be

rrespondence

|

AUTHOR’S ALTERATIONS
Dear Editor:

In answering readers’ letters coneern-
ing my article “Improving Low-Priced

across the question as to whether I
made changes other than those dis-
closed in the article. I did recently
obtain a considerable reduction in hum
(6 db or better) by disconnecting the
heater center tap from ground and
connecting one side of the heater to 70
volts d.c.,, obtained at the junction of
47,000-ohm resistor and the 15-uf capac-
itor supplying plate and screen current
to the playback 6AU6. Try each side
of the heater supply to see which gives
better results. 1 had previously tried |
d.c. heater bias but had given it up |
because of the frying noises. This used
a voltage divider constructed for the
purpose, but my later effort requires
nothing more than a piece of wire for
satisfactory results.
HERMAN BURSTEIN

Wantagh, N. Y.

FIRE INSURANCE

Dear Editor:
I recently suffered a heavy financial

loss as a result of a fire in my home.
My radio-TV repair shop, which was in
my home, was completely destroyed.
The contents of my shop—Rider man-
uals 1 to 14, Photofact folders 1 to 205,
RADIO-CRAFT magazines from 1932 to
the present issue of RAD10-ELECTRONICS,
several hundred dollars’ worta of serv-
ice data and reference books on radio
and television, a complete set of test

| equipment, welding equipment and a
| complete set of radio and woodworking

tools—were worth about $6,000. Only
about $2,500 of this loss is recoverable
by insurance.

I’m telling you all this for a purpose.
Possibly you’d write an article on insur-
ance that would save someone else the
headaches I am experiencing. No one
ever carries enough imsurance. It took
everything I had to replace the TV
sets that were in the shop for repair.

V. K. VANCE |
Little Rock, Ark. |
(The above seems to us one of the |

written.—Editor)

TECHNICAL EDUCATION
Dear Editor: |
I would like to comment on the letter
by E. I. Eastwood on techniecal educa-
tion, appearing in the May Correspond-
ence column. Perhaps some of us read- |

www.americanradiohistorv.com

4101 San Fernando Rd. *
Canadian Licensee: Campbell Mfg. Co., Ltd.

Your
BEST | BUYS

1
Are
i

Pm/mx%&ux_
Hi-Fi Speakers

and
Components

Royal 8

The popular Royal 8—
your best value in a
hi-fi speaker. Outper-
forms many larger
speakers. Features a
slotted, treated, blue
cone; high-flux, slug.
type magnet; clean re-
production of audio
range.

Royal 8, Model
87-8-1 8” Speaker.

THE WORLD
FAMOUS

ner . $13.50
ROYAL 12, MODEL 12UP-8-1. 127
version of Royal 8, above. Use with

32KTR.C Kit, below, for coaxial perform-
ance at low cost. NET. .$21.00

®
Vec 32KTR-C Coaxial
Tweeter Mounting Kit

NOW-—mount the
32KTR Tweeter coaxi-
ally on your present
12 speaker, or the
Royal 12 described
above. Consists of
32KTR Tweeter, arms,
hi-pass filter, hdwe.,

instructions. Easy to
install— no soldering.
ner . $12.60

32KTR SUPER TWEETER ONLY. Pro-
vides true-to.life highs; uses paper cone
—same cone material used in woofers.
Crossover range, 2000-6000 cps.

NET

NK-60 6000-CYCLE CROSSOVER
NETWORK. Ideal for use with 32KTR-C
Coax Kit, or 32KTR Tweeter and any
good woofer. Provides complete separa-
tion of lows and highs. NET........ $9.00

&
PMO#WX_ CORPORATION

Dept. F, 4912 Grand Ave., Chicago 39, Iil.
Glendale 4, Calif.

RADIO-ELECTRONICS
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1956

send for it today

Get ALLIED’s 1956 Catalog—it’s complete,
up-to-date—324 pages packed with the

world’s largest selection of quality electronic
equipment at lowest, money-saving prices.
Select from the latest in High Fidelity systems
and components; P.A. systems and accessories;
recorders and supplies; TV tubes, antennas
and accessories; Amateur receivers,
transmitters and station gear; specialized
industrial electronic equipment; test
instruments; new build-your-own kits; huge
listings of parts, tubes, transistors, tools,
books—the world’s most complete stocks of
quality equipment. Get every buying
advantage at ALLIED: fastest shipment,

expert personal help, lowest prices,
assured satisfaction. Send today
for your FREE copy of the big 1956

ALLIED Catalog.

ALLIED RADIO

World’s Largest Electronic Supply House

EASY-PAY TERMS

Use our liberal Easy Payment
Plan—only 109, down, 12
months to pay—no carrying
charges if you pay in 60 days.
Available on Hi-Fi and P.A.
units, recorders, TV chassis,
test instruments, kits, Ama-
teur gear, etc.

vltra-modern facilities for the FASTEST SERVICE IN ELECTRONIC SUPPLY

VALUE
PACKED

o P.A. Systems, Accessories e Amateur Station Gear
e TV Antennas, Accessories e Tcols and Books

o Equipment for Industry

o ATV & Radio Parts e All Electron Tube Types
e Test & Lab Instruments e High Fidelity Equipment
o latest Build-Your-Own Kits e Recorders & Supplies

HI-F1 SPECIALISTS

To keep up with the latest and
best in High Fidelity, look to
ALLIED. Count on us for all
the latest releases and largest
stocks of Hi-Fi1equipment. We
specialize, tco, in TV supply
—and are foremost in the field
of Builders’ Kits.

ALLIED

324-PAGE ELECTRONIC SUPPLY CATALOG

the only COMPLETE
catalog for everything
in TV, Radio, Hi-Fi and
Industrial Electronics

teleohon® HAyma

Send for the
leading Electronic
Supply Guide

SEPTEMBER., 1955

--'-'------------------‘--------1
ALLIED RADIO CORP., Dept. 2-J-5 [l
100 N. Western Ave., Chicago €0, lllinois
H ]
: [] Send FREE 324-Page 1956 aLLiED Catalog :
1 ]
[ ]
= NAn@gsePg ewom 2 b BEa s o oo e eiona v o o W Pt 1
3 i
- 1
= Address e «anie s 54e senw - R A Tiegarsm e 1
! -
I_City ..... Zone. ..State. ... ...
----------.--------------------
15
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“UNIDYNES”

are the only small size,
all-purpose moving coil
Dynamic Microphones that
reduce the pickup of

random noise energy by 67%.

The Unidynes, 55s and
556s, simplify P. A,
installation . . . enhance
your reputation . . . insure
customer satisfaction by
eliminating or reducing
callbacks due to critical
gain control settings—
often necessary when
conventional microphones
have been installed.

No wonder the Unidynes
are used the World over—
more than any other
microphones—for

finest quality

public address . ..
theater stage
sound systems
. .. professional
recording

... remote
broadcasting.

SHURE BROTHERS, Inc.

Microphones and Acoustic Devices
225 W. Huron St., Chicago 10, lllinois
Cable Address: SHUREMICRO

16

CORRESPONDENCE (Continued)

ers may misinterpret Mr. Eastwood’s
idea of the term ‘‘technical education"
or the opportunities it might offer to
various age brackets.

Where the paths of Mr. Eastwood
and I divided was when I enrolled in
a technical trade school and for a sum
somewhat in excess of $100 received a
very thorough radio, TV and electronics
course. Not content, I recently enrolled
in another school to study television
servicing exclusively.

I, too, am a family man with two
youngsters to look out for, but I was
willing to gamble over $300 and almost
all my evenings for the future.

KENNETH C. BUSH
Buffalo, N. Y.

THE WHY OF THE SUBJECT

Dear Editor:

I found the article “How Much Will
a Resistor Take” (July, 1955) by H. P.
Manly very thought-provoking.
author gets at the why of the subject.

Entirely too many technicians of my
acquaintance find themselves completely
helpless to cope with a service problem
unless someone can supply them with
the schematic with all values shown.
They simply have never learned the
why. They consider Ohm’s law to be
some sort of obscure legislation, not to
mention the many useful equations
directly or indirectly based upon it.

Mr. Manly has supplied a very handy
graph. If the technician knows Ohm’s
law, he can also use the graph to find
how much voltage can be dropped across
a given resistor without exceeding the
wattage rating (E IR).

H. B. CONANT

Conant Laboratories
Lincoln, Neb.

TUBE TESTER

Dear FEditor:
There is described on page 47 of the

April issue of RADIO-ELECTRONICS “A |

Laboratory Type Tube Tester.” The
author states in the first paragraph,
which I quote in part, “transconduct-
ance is read directly by applying a 1-
volt r.m.s. signal on the grid and meas-
uring the output in a.c. milliamperes.”

With a grid signal of this magnitude,
the a.c. output current will be a meas-
ure of the average transconductance
over a grid swing of 2.828 volts peak
to peak. This may cause a discrepancy

The |

between the measured transconductance |

and the transconductance values which
appear
found, for example, in tube manuals.
The grid signal used for obtaining the
published values is 10 millivolts, and
the instrument used is a General Radio
vacuum-tube bridge.

This discrepancy between published
and measured transconductance values
may be the cause for rejection of good
tubes in the field by persons who are
not aware of the differing measurement
conditions.

G. L. QUINT
Sylvania Electric Products
Emporium, Pa.

www.americanradiohistorv.com

in the published ratings as |

INTERNATIONAL'’S

NEW

TV RECTIFIER I
REPLACEMENT

TV TOOL

£

$1.00 VALVE Ifgs

“‘ﬂf

THS Camega,
COmragm, Foun

NYI.ON TV TOOI.

With every pack of 4 TV
Replacement Rectifiers. ..
A PAIR and a SPARE PAIR!

You can’t miss with International’s New
“BONUS PACK™ You'll get the best in
TV replacement rectifiers. Each BONUS
PACK contains a pair for immediate use,
and a spare pair for your next job—PLUS
a Nylon TV Alignment Tool worth $1.00—
ABSOLUTELY FREE!

SPECIFY INTERNATIONAL RECTIFIERS for
long, dependable performance—the Widest
Range in the Industry! Best for you ... Best
for your service customers!

@t Ask your distributor
\ - for details about

‘‘Bonus Pack'' today!

international
B?ctifier

P © R A T 1 ©

1521 East Grand Avenue, El Segundo, California ¢ ORegon 8-6281
IN CANADA: Atlas Radio Corp., 50 Wingold Ave. W., Toronto, Ontario

WORLD’'S LARGEST SUPPLIER
OF INDUSTRIAL METALLIC RECTIFIERS

RADIO-ELECTRONICS


www.americanradiohistory.com

| (]

I

KINGS o400 [ 2.2

TV Fron

Unmatched for power
and performance!

This extraordinary fringe-area

powerhouse is still the most sensitive
all-channel antenna made today—bar

~ none! The SUPER RAINBOW’s many
/”yeurs-uheud” engineering features
. include the triple-powered Tri-Pole,

separate high and low band
Model No. 0 A
33 operation, 100% aluminum

construction, and “Snap-Lock” pre-
assembly. Also in great demand . . .
The RAINBOW, Mode! No. 330. i
- i
Extra elements, 1l | 9
extra performance!
]

SUPER RAINBOW

There mey be antennas that
L2 resemble our TRAILBLAZER, but R i
A none can top its blazing performance. | ®
- The TRAILBLAZER features extra High @
and Low Band directors, and full-wave 81 AlI-Chunnel Yugls
directors on the High Band. It installs E L

faster than any similar antenna, and—it’s
335 all aluminum! Especially recommended for

e, *
areas with front-to-back interference prob- . £ UIII'lVﬂ'Qd for power’
lems, particularly on the Low Band. Count R =
popularity and price!

Mode! No.

AN

TRAILBLAZER the elements...then compare the prices!

G T

Advanced design —
and ‘“‘Super-Sembled”’

Look to the LANCERS for

Channel Master “‘extras’:

extra elements and extra gain —

at no extra cost. Completely

"Super-Sembled.”” The SUPER LANCER

Model No. . gives 1% db more gain on both the

Servicemen everywhere are discovering an
entirely new answer to the problem of multi-
channel fringe-area recegtion: Channel Master
all-channel yagis. These are the antennas

that have what it takes tc bring top TV
performance to the most distant, isolated
locations. And, they’re ready for color, too!

¥

A

Py ?«F‘" 7

g~ —s

Today's leadiag all-channel yagis are

334 . . > Low Band and the High Band than ) designed — and improved — in the Chan.nel

\ -~ ~ Similar types. The LANCER, Model i Master Antenna Jevelopment Laboratories.

No. 333, has an extra direc'tor that B Isn't it |ogic<.:| to use C!\:nnel Master’s

SUPER LANCER provides 1% db more Low Band gain. fanous enginee-ing skill to solve your

H ?
Count the elements . . . then reception problems?
compare the pricesl

LI

@ CHANNEL MASTER CORP. . .cxvivie, .

*
The World's Largest Manufacturer of TV Antennas and Accessories
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CABINART ’56

MODEL 10
MODEL 11

MODEL 21

MODEL 22 MODEL 65
MODEL 27 ®
MODEL 28 ®
MODEL 27U @
MODEL 28U @
MODEL 65 ®
MODEL 70
MODEL 7112
MODEL 7115
MODEL 90
MODEL 91
MODEL 90U
MODEL 91U
MODEL 800 @
MODEL 800U @
MODEL KR-3
MODEL KR-3U
MODEL KR-4-12
_MODEL KR-4-15
MODEL KR-5
MODEL KR-5-U T

”832 518)5’, for tape recorde.r,' t;nnm.ble, @ é ! 3 @ : f 4 @ i f 5
MODEL ST.2 record changer, tuner, amplifier

ond speaker, if desired.
SPEAKERS SPEAKERS SPEAKERS

MODEL ST-8
MODEL ST-9

(I XX XXX XX J

® 16 NEW EQUIPMENT CABINETS CABINART SPEAKER SYSTEMS

KIT 27K @
SIZECRe MODEL 27K
KIT 80 MODEL 28K
KIT 8112
KIT 8115
KITK-3 @
KIT K-4-12
KIT K-4-15
KIT KST-1

KIT KST-2
KIT KST-3
KIT KST-4
KIT KST-5

KIT KST-6
KIT KST-7
KIT KST-8

e & 6 o ¢ & 0o 0 O

®* TWELVE NEW HI-FI KITS . . . EVEN A HI-FI STORAGEWALL

KIT KST-9

ACC-1
ACC-2
ACC-2u
ACC-3
ACC-4
ACC-5
ACC-6

A7 and NINE HI-FI ACCESSORIES FOR THE SOUND ENTHUSIASTS.

TURNTABLE BASE
WITH LEVEL

AND LEVELING
DEVICES

RECORD
CABINETS
s . . 3 SIZES

Each CABINART design is an engineer’s CABINART ‘56 CATALOGS:

answer to an individua! hi-fi equipment
storage problem. Each cabinet, prop-
erly’used, is a designer’s expression of
the elements of good furniture design.

WRITE

1. EQUIPMENT STORAGE
If your hi-fi dealer does not stock 2. EQUIPMENT/ENCLOSURE KITS
Cabinart, write for the name of our 3. REBEL HORNS & SPEAKERS
= nearest Cabinart dealer or mail order 4. THE CABINART STORAGEWALL
Factory and Offices: B’kiyn , N. Y. house. 5. HI FI ACCESSORIES
cabinart The pioneers in high fidelity radio furniture

Cabinort is a division of G & H Wood Products Co., Inc, @ 99 N. 11th S1. @  Brooklyn 11, N. Y,

RADIO-ELECTRONICS
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J. E. SMITH
President
National Radio
Institute
Washington, D.C.
40 years of success
training men at

“tiome in spare time.

I'll Prove It Is Easy And
Practical To Learn At Home.
Sample Lesson FREE.

Prdchce Brdcustmg
with Equipment | Send

It’s practical to train at home for
good Radio-TV jobs and a brighter
future. As part of my Communica-
tions Course I send wyou kits of
parts to build the low-power Broad-
casting Transmitter shown at the
left. You use it to get practical
experience performing procedures
demanded of Broadcasting Station
Operators. An FCC Commercial
Operator’s License can be your
ticket to a better job and a bright
future: my Communications Course
gives you the training you need to
get your license. Mail card below
and see in my book other valuable
equipment you build. Get FREE
\Asample lesson.

AVAILABLETO

VETERANS

UNDER G.I. BILL

To See Equipment | Send You
For Practical Experience...
Get lllustrated Book FREE.

Self-confidence, security, earning
power come from knowing-how and
from experience. Nothing takes the
place of PRACTICAL EXPERIENCE.
That’s why NRI training is based on
LEARNING BY DOING. You use
parts 1 furnish to build many circuits
common to Radio and Television. With
my Servicing Course you build a
modern Radio (shown at right). You
build a Multitester, use it in conduct-
ing experiments, fixing sets in spare
time starting a few months after en-
rolling. All equipment is yours to
keep. Card below will bring book
showing other equipment you build.
Judge for yourself whether you can
learn at home in your spare time.

ru;'tice‘ls‘ervicing
with Equipment | Send o ;\,

| Will TrainYou at Home

for Good Pay Jobs, Success in

RADIO-TELEVISION

coni ver See Other S

1 Get My SAMPLE LESSON an

d Cut out and mcul

[ rd NOW'
1 64-Page lllustrated Book
|
| l
1 This card entitles you to Actual Lesson on Servicing,
By | shows how you learn Radio-Television at home. You'll
. e » = 1 alsoRrgceive my 64-page Book, "Hov:r to Be a Success
in Radio-Television.” Mail card now!
Television Is Growing Fast 1
H Q NO STAMP NEEDED! WE PAY POSTAGE
Making New Jobs, Prosperity ;
More than 30 million homes now have Television sets ! :r‘ ."' E.l iMld'l"H,lPre'sidemw hi 9. D.C
and thousands more are being sold every week. Well : Mu?;onuL acdio n;fguf:,uﬂus It“gl';n Sl i P
trained men are needed to make, install, service TV sets a1 me Eessom atld [Look, Sesow to tbeyal success in Htacios
’ 4 Tel 27 (N ? S b
and to operate hundreds of Television stations. Think of [] ST = GO SBISEma SRR Gt RIS e alaty )
the good job opportunities here for qualified technicians, I NAME. . .. AGE......
operators, etc. If you’re looking for opportunity, get
started now learning Radio-Television at home in spare ] ADDRESS. ... oo
time. Cut out and mail postage-free card. J. E. Smith,
President, National Radio Institute, Washington, D. C. CITY....o ZONE. ... .. STATE. .........
Over 40 years’ experience training men at home. write in date
% L2 E VETS ofduchurge ................. B o) Smnsslimarie skl
KLM
w.am encanradlohlstorv Com
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Train at Home to JumpYour Pay
as aRADIO-TV Technician

Get a Better Jobh—Be

Ready for a Brighter

Future in America’s Fast Growing Industry

Training PLUS opportunity is the
PERFECT COMBINATION for job se-
curity, good pay, advancement. When times
are good, the trained man makes the
BETTER PAY, GETS PROMOTED.
When jobs are scarce, the trained man en-
joys GREATER SECURITY. NRI train-
ing can help assure more of the better
things of life.

Radio-Television is today’s opportunity
field. Even without Television, Radio is
bigger than ever before. Over 3,000 Radio
Broadcasting Stations on the air; more than
115 million home and Automobile Radios
are in use. Television Broadcast Stations
extend from coast to coast now with over
30 million Television sets already in use.
Over 400 Television stations are on the air
and there are channels for hundreds more.

Start Soon to Make
10 to 515 a Week
Extra Fixing Sets

TOR. ¢

Keep your job while training. Many
NRI students make $10, $15 and more a
week extra fixing neighbors’ Radios in
spare time, starting a few months after
enrolling. The day vou enroll T start
sending you special booklets that show
you how (o fix sets. The multitester you
build with parts I furnish helps discover
and correct troubles.

SEE OTHER SIDE

Use of Aviation and Police Radio, Micro-
Wave Relay, Two-way Radio communica-
tion for buses, taxis. trucks, etc., is expand-
ing. New uses for Radio-Television prin-
ciples coming in Industry, Government,
Communications and Homes.

My Training Is Up-to-Date
You Learn by Doing

Get the benefit of our 40 years’ experience
training men. My well-illustrated lessons
give you the basic principles you must have
to assure continued success. Skillfully de-
veloped kits of parts I furnish “bring to
life’’ the principles you learn from my
lessons. Read more about equipment you
get on other side of this page.

More and more Television information is
being added to my courses. The equipment
I furnish students gives experience on
circuits common to BOTH Radio and
Television.

Find Out About this Tested
Way to Better Pay

Read at the right how fellows who acted
to get the better things of life are making
out now. Read how NRI students earn
$10, %15 a week extra fixing Radios in
spare time starting soon after enrolling.
Read how my graduates start their own
businesses. Then take the next step— mail
card below.

You take absolutely no risk. I even pay
postage. I want 1o put an Actual Lesson in
your hands to prove NRI home (raining is
practical, thorough. I want you to see my
64-page book, “How to Be a Success in
Radio-Television,” because it tells you about
my 10 years of training men and important
facts about present and future Radio-
Television job opportunities. You can take
NRI training for as little as $5 a month.
Many graduates make more than the total
cost of my training in two weeks. Mailing
postage-fre¢ card can be an important step
in becoming successful. J. E. Smith, Presi-
dent, National Radio Institute, Wash-
ington 9, D. C. Training Men for Over
40 vears. Approved Member, National
Home Study Council.

FIRST CLASS

Permit No. 20-R
(Sec. 34.9, P.L. & R.)
W ashington, D.C.

BUSINESS REPLY CARD

No Postage Stamp Necessary |f Mailed In The United States

POSTAGE WILL BE PAID BY
NATIONAL RADIO INSTITUTE
16th and U Sts., N. W.
Washington 9, D. C.

1"----“--—--.-'---

www.americanradigmeSreT.co

J. E. Smith, President

National Radio Institute

The men whose messages are published
below were not born successful. Not so
long ago they were doing exactly as you
are now . . . reading my ad! They decided
they should KNOW MORE . . . so they
could EARN MORE . . . so they acted! '

Mail card below now.
Lots of

Spare-Time Jobs
time Radio and TV § o~ 5

Now TV
Trouble Shooter

I had only gone to 7th
grude when T started

you.”" B. Goede, Plain-
view, Mina.

L Y

“I do a lot of spare-
servicing. It was fun

learning and 1
| -, -

e know how to
—
-—

Engineer with WHPE

‘“Ihanks to NRI I
operated a successful
Radio repair  store.
Then [ got a job with
WPAQ and now am an
engineer for WHPI.."
V. W. Workman, tligh
Point, N. C.

\

Quit Job for
Own Business
I decided to quit my

course. Now havejobay *

TV trouble shooter, alao
AX  sets spare time.”
A, R. Lindemuth, Fort
Wayne, Ind.

NRI Course
Can't Be Beat
“Am with  WCOC.
NRI Course can't bhe
heat. No trouble pass-
fng 1st class Radio-
phone license examina-
tion.'" Jesse W. Parker,
Meridian, Mississippl.

Extra Money
in Spare Time
“I am a police captain

job and do TV work
full time. I love my

and also have good
spare-time service busi-

work and am doing ness. Just opened my
all right financially.” ( .~ new showrgoms and
shop.” C. W. Lewis,

‘ Y ‘ Witliam F. Kline, Cin-
cinnati, Ohlo.

Pensacola, Fia.

My Training Leads to Jobs Like These

L 2. R 2 R B B R - N N R B B R & N N § & 3§ B N 8 B B N B ¥ |

BROADCASTING: Chief Technician, Chief Operator, Power Monitor, Re-
cording Operator, Remote Control Operator. SERVICING: Home and Auto
Radios, P.A. Systems, Television Receivers, Electronic Controls, FM Radias. IN
RADIO PLANTS: Design Assistant, Transmitter Design Technician, Service
Manager, Tester, Serviceman, Research Assistant. SHIP AND HARBOR
RADIO: Chief Operator, Assistant Operatar, Rodiatelephane Operator.
GOVERNMENT RADIO: Operator in Army, Navy, Marine Corps, Coast
Guard, Forestry Service Dispatcher, Airways Radio Operator. AVIATION
RADIO: Plane Radio Operator, Transmitter Technician, Receiver Technician,
Airport Transmitter Operator. TELEVISION: Pick-Up Operator, Voice Trans-
mitter Operotor, Television Technician, Remote Control Operator, Service and
POLICE RADIO: Transmitter
Operator,

Maintenance Technician.

Receiver Serviceman.

Have Your Own Business

Many NRI trained men start T
N el v N -7v§w%§r
Television sales and service
business with capital earned in
spare time. Joe Travers, a grad-
uate of mine, in Asbury Park,
N. J., writes: “I’ve come a long
way in Radio and Television
since graduating. Have my own
business on Main Street.”’
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PHOTOFACT | tovms

PLELICATIONS

"-"'"'mﬂ P

POPULAR BASIC MANUALS

Bosic Radio Manual. A comprehensive train-
ing guide, outlining step-by-step a 36-Les-
son Course on Basic Radio accompanied by
a practical Shop Project section devoted to
actual job projects that implement the les-
sons and clearly translate theory into prac-
tice. 248 pages, 8% x 117, illustrated.

Order ED-1. .. .. ... ................ $5.00
Basic Electricity Manual. A complete training
course covering basic theory, terms, laws,
circuits; includes magnetism, motors, trans-
formers, lighting and many other subjects,
eupplemenwd by inexpensive projects which
demonstrate theory in action. 264 pages,
81 x 11”. Order ED-12.. . ....... ... $5.00

HANDY SERVICE GUIDES

Radio Receiver Servicing. A Look on practical
radio receiver servicing covering such basic
troubles as dead set, weak set mtermnttent and
noisy sets, etc. 192 pages, 5% x 8

Order RS-1. ... ... ... .. ... oo $2.50
AM-FM Servicing Shon Cu's Descnbes actual AM
and FM service case histories; shows practical
ways to solve similar troubles in any AM or F
receiver. 152 pages, 514 x 814”. Order RK-1 $1.50
Radio Receiver Tube Replacement Guide. Shows
where to replace each tube in 5500 receivers
made from 1938 to 1948. 196 pages, 514 x 814",
Order TP-1. ... ... ....... ... .$1. 25
Dial Cord Smngm? Guide. Vol. 4. Shows correct
way to string dial cords in radio receivers made
from mid-1951 through 1953. With index. 96
pages, 5% x 813”. Order DC-4.. . ... .. .. $1.00
Vol. 3. Covers receivers produced from 1950
through mid-1951, and TV-radio receivers from
1946 through mld 1951. 96 pages, 5% x 814",
Order DC-3. . .. ... $1.00
Vol. 2. Covers receivers produced from 1947
through 1949. 96 pages, 514 x 814",

Order DC-2nmms et neom -a-3-mev. .md.f 8- $1.00
Vol. 1. Covers receivers produced from 1938
through 1946. 112 pages, 514 x 814",
Order,DC-TE .. F-me - mlom - am el $1.00

AUTO RADIO SERVICE MANUALS

Vol. 4. Covers 41 chassis (48 modele) produced
during 1953. 288 pages, 814 x

Order AR-4. ... ... ....... ... ........ $3.00
Vol. 3. Full service data on 47 chassis (80 models)
used in 1950, 1951 and 1952 auto radio receivers.
288 pages, 8}/ x 11”. Order AR-3........ $3.00
Vol. 2. Covers 60 chassis (90 models) used in
1948, 1949 and 1950 auto radios. 288 pages,
8% x 11”. Order AR-2.................. $3.00
Vol. 1. Covers 100 auto radio models made from
1946 to 1949 by 24 manufacturers. 396 pages,
8% x117. Order AR-V.................. $4.95

COMMUNICATIONS RECEIVERS

Vol. 2. Full analysis of 26 popular communica-
tions receivers made during recent years. 190
pages, 8% x 11”7. Order CR.2. . ... ....... $3.00

SAMS’ PUBLICATIONS HELP YOU LEARN MORE AND EARN MORE

SEPTEMBER, 1955

STAY AHEAD IN ELECTRONICS!
these SAMS BOOKS show you how

look for them on the Howard W. Sams ''Book Tree”
displayed at your Electronic Parts Distributor

INVALUABLE, AUTHORITATIVE
TELEVISION BOOKS

Color Television for the Service Technician. Written
to prepare the service technician for the day
when he will be installing and servicing color
TV equipment. 116 pages, 814 x 11",

Onder SCI 5 & A cxn i & Jeh B S el &) -8 $2.50
Analyzing and Tracing TV Circuits. A book which
presents a new approach to the problems of
television servicing. 168 pages, 845 x 11”.

Order JA-19..5,0F . 48 .10 .mm a0 ] an ... $%3.00

TV Service Data Handbook. A compilation of the
most frequently needed charts, tables, and for-
mulas as required in TV servncmg and installa-
tion work. 112 pages, % x 815",

Order JB-1......... ......%1.50

TV Servicing ‘hmesavers Thls handy reference
summarizes many service techniques found
profitable from actual serwcmg experience. 124
pages, 5% x 814”. Order JC-1. o $1.50

Fundamentals of Color Television. A complete and
up-to-date explanatlon of Color TV written in
a simple style to give the reader a clear under<
standing of the subject 224 pages, 5% x 814",

Order BA-1. ... ... ... .. ......... ... ...%$2.00

Telecasting Operahons. The only complete cover-
age of every phase of Telecasting, from theory
through equipment, operation, maintenance,
productlon—mdlspensable to anyone interested
in Telecasting. 600 p., 6 x 9”. Order OH-1 $7.95
Photofact Television Course. Gives a clear, com-
plete understanding of TV principles, operation
and practice. 208 pages, 8% x 11”.

Order TV-1. ... .. ... ............. ...%3.00
TV Servicing Short-Cuts. Deqcnbes actual TV
service case histories; shows how to solve similar
troubles in any receiver. 100 pages, 514 x 814",
Order TK-1. . ................ $1.50
TV Test Instruments. Tells how to operate each
test instrument used in TV service work. 175
pages, 8% x 117. Order TN-1.... ... ... $3.00
UHF Antennas, Converters & Tuners. Covers all
antenna types, transmission lines and match-
ing networks. UHF converters and tuners, 136
pages, 514 x 844", Order UHF-1.... .. .. 51 50
Servicing TV in the Customer's Home. Short-cut
methods for repairs in the field. 128 pages,
51% x 84%4”. Order TC-1. e .$1.75
Making Money in TV Servnclng Tells how to set
up and operate a profitable TV service business.
136 pages, 5% x 814”. Order MM-1. ~$1.25
Pay As You See TV. A clear ex1)051t10n of the
facts that are of vital interest to everyone con-
nected with the television industry. Four in-
formative chapters present the case for this
significant new development in TV entertain-
ment. 96 pages, 5% x 8%3". Order KA-1..$1.50
TV Tube Location Guides: Vol. 5. Shows tube posi-
tions and functions in hundreds of TV receivers.
Helps quickly locate faulty tube. 200 pages,

514 x 815”. Order TGL-5. .. ........... .$2.00
Vol. 4. Covers receivers produced in 1952-1953.
192 pages, 5% x 813”. Order TGL-4. .$2.00
Vol. 3. Covers receivers produced in 1951 1952.
192 pages, 5% x 8%3”. Order TGL-3...... $2.00
Vol. 2. Covers receivers produced in 1950-1951.
208 pages, 53 x 814”. Order TGL-2. .. ...$2.00

Vol. 1. Covers receivers produced in 1948, 1949,
1950. 208 pages, 5% x 8%4”. Order TGL-1.$2.00

Atomic Radiation, Detection and Measurement

This book covers the information necessary for
a basic understanding of nuclear science and
its applications. The service technician will be
particularly interested in those chapters dealing
with the circuitry and operation of the many
types of detection devices, in case he is called
upon to service these units. 160 pages, 5/ X
814”. Order ADR-1. .50

www.americanradiohistorv.com

AUDIO PUBLICATIONS

Recording & Reproduction of Sound. Oliver Read’s
biggest selling volume on all aspects of Audio;
fully covers recording and amplifying methods
and equlpment Authoritative, complete, 810
pages, 6 x 9”. Order RR-2............... $7.
Audio Amplifier Service Manvals. Vol. 5. Covers 37
amplifiers, 12 preamplifiers and 14 custom tun-
ers made during 1952 and 1953. 352 pages,
814 x 11”. Order AA-5. .. .............. $3.95
Vol, 4. Covers 75 amplifiers and tuners made
during 1951 and 1952. 352 pages, 8} x 11”.
Order AA-4. ... ... $3.95
Vol. 3. Covers 50 amphﬁers and 22 tuners made
during 1950. 352 pages 8k x1

Order AA-3.... ... ...t s $3.95
Vol. 2. Covers 104 ampllﬁers and 12 tuners made
during 1949. 368 pages 814 x 11”

Order AA-2. .. .. ............u... ...$3.95

RECORD CHANGER MANUALS

Vol. 6. Covers 14 different tape recorders and
6 changers manufactured durmg 1953 and 1954,
with complete index covermg all six manuals of
the Series. 288 pages, 814 x 117,

Order CM-6. .. ................. ... .$2.00
Vol. 5. Covers 32 dlﬂ‘erent basic units manufac-
tured during 1952-53. 288 page%, 8% x 117.
Order CM-5. .. .. .. $3.00
Vol. 4. Full service data on 38 cl\angers and re-
corders made during 1951. 288 pages, 8% x 11”
OrderCM-4..............c.iiiuinn. 3.00
Vol. 3. Covers 44 changers made in 1949 and
1950. 288 pages, 8% x 11”. Order CM-3.. .$3.00

Vol. 2. Covers 45 models made in 1948 and early
1949. 432 pages, 815 x 11”7. Order CM-2. . .$4.95

COYNE AND BOYCE BOOKS
Distributed by Howard W. Sams & Co., inc.
BB-1 Radio & Electronics Handbook. . ....$4.95

B88-2 Video Handbook. ............ ' 15295
CTB-1 TV Servicing Cyclopedia .. 5.95
CTB-2  Industrial Electronics. .. ........... 3.75
CTB-3  Latest Testing Instruments for Servicing
Radio-Television. . .............. 3.25
CTB-4°  Praciical Television Servicing and
Trouble-Shooting Manual ... ... .. 4.25
CTB-5 Television and Radio Handbook... .. 2.75
CTB-7  Transistors & Their Applications in
Radio-Television-Electronics. .. ... 1.50
CTB-8 Bigger Profits in TV. . ............. 1.50
CTB-11 Application of Radio & TV Principles. 3.25
CTB-12 Radio-TV and FM Receivers........ 3.25
CTB-13 Radio and TV Circuits.. . ... ..oovnn 3.25
CTB-50 5 Volume Set Complete of Applied
Practicol Radio-Television........ .00
CTB-100 Technical Dictionary............... 2.00
CTB-101 Electrical Trouble Shooting Manual.. 6.95
CTB-102 Electrician’s Handbook. ...... i o 2.75

HOWARD W. SAMS & €O., INC..

@ Order from your Parts Jobber today, orm
B write to Howard W. Sams & Co., Inc., B

8 2205 East 46th St, Indianapolis 5, Ind. :
:My {check) (money order) for $.......... 8
@ enclosed. :
e o [ ]
g Send the following books:s.vveviiinenn. g
[ ] [ ]
[ ] [ ]
B D oSS B h BB R B BB SINIEI00 o ()
[ ] [ ]
BName.....oveveensvisvenans 00000000
[ ] [
s ve... B
.Address.g........ ......... FN =

Citiye oo oo e oleoielole lolm ZOne..‘.Sfote...:

(outside U.S. A. priced slightly higher)
GecccscssScEsscssssasEEEs
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O
M I SWEEP RANGE
Weston § cwa . o0~ A
Model 983 ‘ = uomonm
Oscilloscope \ ZAL "f@ é 0 o &. ot
3 -

Model 983 is a high gain, wideband Oscilloscope designed to accurately
reproduce waveforms comprising a wide band of frequencies. High sen-
sitivity of 15 millivolts per inch RMS makes this “scope ideal for —
SETTING RESONANT TRAPS...SIGNAL TRACING IN LOW
LEVEL STAGES...AS A GENERAL NULL INDICATOR... for
PHASE CHARACTERISTIC MEASUREMENT IN INDUSTRIAL
APPLICATIONS...and for SWEEP FREQUENCY VISUAL ANALYSIS.

The ’scope contains identical vertical and horizontal push-pull amplifiers
with a choice of AC or DC coupling without affecting either sensitivity
or band width. Both amplifiers have compensated step attenuators and
cathode follower input. It has excellent square wave reproduction with
overshoot of only 2 to 5%, with a rise time of 0.1 microsecond. The
'scope response is essentially flat throughout the specified range of 4.5 mc
and is usable to 6 mc.

The unit has provisions for internal calibration, internal phased sine
wave, and Z-axis intensity modulation. Reversal of polarity of both horizon-
tal and vertical signals is easily accomplished by means of toggle switching.
Tube replacements are non critical, and etched circuitry facilitates quick
and rapid naintenance.

The Model 983 Oscilloscope is now available through local distributors.
For complete literature write WESTON Electrical Instrument Corporation,
614 Frelinghuysen Avenue, Newark 5, New Jersey.

WESTON Juliimerdi

22
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WAVEFORM ANALYSIS

Response curves accurately displayed.
Ideal for use with Weston intensity
marker display. A fast, retrace sweep
circuit with cathode follower output
prevents pattern distortion.

SQUARE WAVE RESPONSE

Overshoot is only 2 ta 5 % . Rise Time
is 0.1 Microsecond. Square wave de-
picted 250 ke,

PHASE MEASUREMENTS

Phase shift between horizontal-verti-
cal amplifiers, 0-500 k¢-0 ', to 1 mc
within 2 ; by internal adjustment
with gain controls at max 0~ phase
shift possible on any specific fre-
quency to 6 mc.

RESPONSE CHARACTERISTIC

Note flatness throsghout specified
range; to 3.6 mc down 1.5 db, at 4.5
mc down 3 db, at 5 mc down 6 db.

RADIO-ELECTRONICS
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NOTHING EBEUOUT
"STAMINIZED” CAPACITORS
WILL DO...

C O R P O RATI ON
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AMPL“’-IERS AND TUNER

RECORD CHANGERS

PHOTOFACT HELPS YOU SOVEIT

HASTER, EASIER, BETTER, MORE PROFITABLY /

THE WORLD’'S

FINEST SERVICE DATA

THESE GREAT FEATURES ARE EXCLUSIVE IN PHOTOFACT—THEY HELP
YOU EARN MORE DAILY, HELP INSURE CUSTOMER SATISFACTION

PHOTOFACT Service Data is the
only service information based

FULL SCHEMATIC

— an - h
upon first-hand examination {l COVERAGE
of the actual production-run 1. Famous "Standard Notation"
receivers and equipment. It is uniform symbols are used in every
authentic, uniform data de- schematic.
veloped through actual study = e O 2. The same standard, vniform

and analysis by service engi-
neers in the Howard W. Sams
Laboratories. PHOTOFACT is
the only data prepared from the practical
point of view of the Service Technician.

Thousands of Service Technicians use
PHOTOFACT daily for time-saving, profit-
boosting service operations. If you’ve
never used PHOTOFACT, you’'ve never re-
alized your full earning power—you’ve
never given such complete customer
satisfaction. So get the proof for your-
self. Try PHOTOFACT—use it on any job.
Your Parts Distributor has the Folder
Sets you need for any of the 17,000 TV
and radio receivers, changers, recorders,
etc., covered in PHOTOFACT. Once you
use this great service, we know you’ll
want the complete PHOTOFACT Library.

FREE Send for the PHOTOFACY
CUMULATIVE 'INDEX (M‘_@mf’
IT’S VALUABLE! ' |T—-=o=

Send for it! Your guide to i

virtually any model ever >
to come into your shop; 1
helps you locate the
proper PHOTOFACT
Folder you need to solve
any service problem on
any model. Once you have the

make and chassis number, it takes

just 60 seconds to find the appli-

cable PHOTOFACT Folder, Send coupon now
for your FREE copy of the valuable Cumulative

o e

layout is used for each schematic.
3. Diagrams are clear, large,
€asy to read, easy to handle.
4. Wave forms are shown right on the TV
schematics for quick analysis by 'scope.
5. Voltages appear on the schematics for
speedy voltage analysis.
6. Transformer lead color-coding is indicated
on the schematic.
7. Transformer winding resistances appear on
the schematic.
8. Schematics are keyed to photos and parts
lists.
FULL PHOTOGRAPHIC COVERAGE

9. Exclusive photo coverage of all chassis views
is provided for each receiver.

10. All parts are numbered and keyed to the
schematic and parts lists.

11. Photo caverage provides quicker parts iden-
tifications and location.

ALIGNMENT INSTRUCTIONS

12. Complete, detailed alignment data is stand-
ard and uniformly presented in oll Folders.

13. Alignment frequencies are shown on radio
photos adjacent to adjustment number—adjust-
ments are keyed to schematic and photos.

HOWARD W. SAMS & CO., INC.

: Howard W. Sams & Co., Inc., Dept. 2-J5
2201 E. 46th St., Indianapolis 5, Ind.

Index to all the PHOTOFACT Folders you need. |

EASY-PAY PLAN TO
FIT YOUR BUDGET

Ask your PHOTOFACT Distributor .. . he'll
show you how you can now own the
PHOTOFACT Library through a vnique
Easy-Pay Plan that exactly fits your needs.
Pays for itself as you EARN MORE.

24

| [0 Send FREE Photofact Cumulative Index.

l Address....... ¥00 00000 000 &9 0000@z000GD0
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I
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TUBE PLACEMENT CHARTS

14. Top and bottom views are shown. Top view
is positioned as chassis would be viewed from
back of cabinet.

15. Blank pin or locating key on each tube is
shown on placement chart.

16. Tube charts include fuse location for quick
service reference.

TUBE FAILURE CHECK CHARTS

17. Shows common trouble symptoms and indi-
cates tubes generally responsible for such
troubles.

18. Series filoment strings are schematically pre-
sented for quick reference.

COMPLETE PARTS LISTS

19. A complete and detailed parts list is given
for each receiver.

20. Proper replacement parts are listed, to-
gether with installation notes where required.

21. All parts are keyed to the photos and sche-
matics for quick reference.

FIELD SERVICE NOTES

22. Each Folder includes time-saving tips for
servicing in the customer’s home.

23. Valuable hints are given for quick access to
pertinent adjustments.

24. Tips on safety glass removal and cleaning.

TROUBLE-SHOOTING AIDS
25. Includes advice for localizing commonly re-
curring troubles.
26. Gives useful description of any new or
unusual circuits employed in the receiver.
27. Includes hints and advice for each specific
chassis.
OUTSTANDING GENERAL FEATURES

28. Each and every PHOTOFACT Folder, re-
gardless of receiver manufacturer, is presented
in o standard, uniform layout.

29. PHOTOFACT is a current service—you don't
have to wait a year or longer for the data you
need. PHOTOFACT keeps right up with receiver
production.

30. PHOTOFACT gives you complefe coverage
on TV, Radio, Amplifiers, Tuners, Phonos, Changers.
31. PHOTOFACT maintains an inquiry service
bureau for the benefit of its customers.

HELPS YOU EARN MORE DAILY
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' AIRCRAFT INSPECTOR
VETERANS --NON-VETERANS “With RTIA training

and through repairing b
M radios and felevisions t
for the rigkt people ot !

the right price, 1 was

able to make the right

contacts. | am now an Inspector for
Douglas Aircraft of obout $125 o
week.'

Hugh Maddox, Los Angeles, Calif.

$60 A WEEK IN SPARE TIME

*“l have the skill and
i know-how ta da the
® w5 work | love best and
i) to enjoy better things
NS inlife, thanks ta RTTA.

Now, while demand for trained men is rising, you can prepare for a top-pay, life- - PRI Ty
A . o . . - rvicing and making $60 a wee

time career as an electronic technician, television repairman, or studio technician  spare time.”

... or set up your own profitable business. You don’t need any experience whatso- Hoie el TR nFl it i

ever to add your name to my list of hundreds of successful graduates. ASSISTANT MANAGER

2
LEARN BY DOING

As part ur training | give ! am Asistant Man-
pa of ye gl9 ager of Day and Nite |%‘\

you the equipment you need to TV Sewice.” !

Rl
20 1 7t set up your own home laboratory and prepare for ::IZ:":)J:' T =
e a BETTER-PAY TV JOB. You build and keep a profes- 1 -
o sional TV RECEIVER complete with big picture tube ~ gapNS EXTRA MONEY

o “a—w__ (designed and engineered to take any size up to “RTTA training qave
\ o % 21-inch) . . . also a Super-Het Radio Receiver, me a chance for my

ﬁ r ’ Signal Generator H H o 4’ qun husuness, Gl
-3 AF-RF Signal Generator, Combination Voltmeter- L ¥ money earned, and

¢ ¢l more things that fthe

' A v Tehne Ammeter-Ohmmeter, C-W Telephone Transmitter,
Public Address System 4 '.L Tionsmitfer . price of the course
o J Public Address System, AC-DC Power Supply. Every- (514 never equal.”
R A thing supplied, including all tubes. 8ryce(Ru"le, Peterborough, On-
tario, Con.

STUDY NEWEST DEVELOPMENTS
My training covers all the latest developments in the fast-growing Television-
Radio-Electronics industry. You learn about FM — RADAR — COLOR TV —
TRANSISTORS — PRINTED CIRCUITS, ete.

CHOOSE FROM THREE COMPLETE COURSES
covering all phases of Radio, FM and TV
Radio, FM and Television Technician Course — no previous experience needed. : ; .
2. FM-.TV Technician Course — previous training or experience in radio required. vested in fest equipment, $1,000 in
3. TV Cameraman and Studio Technician Course — advanced training for men § My School fully approved tubg Stock a"_d $200 In m'f(e"u"em
with Radio or TV training or experience. to train Veterans under | equipment. Since | haven't had one

new Korean G. |. Bill. Don't § complaint in 9 months | have been
lose your school benefits

by waiting too fong. Write servicing sets, your school must have
_ R e g°°d iOb."
Jim Martin, Collinsville, I,

After you finish your home study training in Course 1 or 2 you can have two

weeks, 50 hours, of intensive Lab work on modern electronic equipment at
our associate resident school, Pierce School of Radio and Television. THIS MAIL THIS COUPON TODAY!
EXTRA TRAINING IS YOURS AT NO EXTRA COST WHATSOEVER! i EHN SR B A -

Mr. Leonard C. Lane, President
l RADIO-TELEVISION TRAINING ASSOCIATION

Dept. R-9C, 52 East 19th Street, New York 3, N. Y.

FEELS FULLY QUALIFIED

"With your training !
feel fully qualified to
get out and Compete
with all radio me-
chanics in this orea.
| have over $1,500 in-

-
L

o

—

FREE FCC COACHING COURSE FREE! |1} send vew
Important for BETTER-PAY JOBS requiring FCC License! You | page book, ‘‘How '
get this frcining AT NO EXTRA COST! TOp vV iObS go to A M.alse Money. in Dear Mr. Lone. Moil me yourvNEW FREE BOGK, FREE SAMPLE
ECCllicensed technicians. -Efeli:r,os:‘oi:s,.uggdgroeé LESSON, ond FREE aids thot will show me how | con make BIG
sample lesson, and

other literature
EARN WH"-E YOU I-EARN showing how and
Almost from the very start of your course you can earn extra :”‘z;-y‘;"y ‘?:bgfr:
money by repairing sets for friends and neighbors. Many of my § Television
students earn up to $25 a week . . . pay for their entire train- §__ .o :
ing with spare time earnings . . . start their own profitable §

service business.

HONEY IN TELEVISION. | understand 1 am under no obligation and
no salesman will call.

(PLEASE PRINT PLAINLY) l

Nome Age

Address,

City Zone_____ State

P AM INTERESTED IN:

, . . . , , O Radio-FM-TY Technition Course | Write discharge date
m l [ FM-TV Techaicion Course
adic BB lovivion naining [l ssocin L e

Technicsan Course

52 EAST 19th STREET e NEW YORK 3, N. Y. i L
Licensed by the State of New York @ Approved for Veteran Training NO SALESMAN WILL CALL!
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After initial adjustments are made,
asin photograph,“Mr. Meticulous”
automatically performs critical op-
erations in making junction tetrode
transistors—tiny experimental de-
vices which may find important
uses in the telephone system.

The machine we call “Mr. Meticulous”

Bell Laboratories scientists, who invented the junction
transistor, have now created an automatic device which
performs the intricate operations required for the labo-
ratory production of experimental model transistors.

It takes a bar of germanium little thicker than a
hair and tests its electrical characteristics. Then, in
steps of 1/20,000 of an inch, it automatically moves
a fine wire along the bar in search of an invisible layer
of positive germanium to which the wire must be
connected. This layer may be as thin as 1/10,000
of an inch!

When the machine finds the layer, it orders a surge
of current which bonds the wire to the bar. Then it
welds the wire’s other end to a binding post. After-
ward, it flips the bar over and does the same job with
another wire on the opposite side!

Once only the most skilled technicians could do this

work, and even their practiced hands became fatigued.
This development demonstrates again how Bell Tele-
phone Laboratories scientists work in every area of
telephony to make service better.

Transistor made by new machine is shown in sketch at left
above, magnified 6 times. At right is sketch of area where wires
are bonded. The wires are 2/1000 inch in diameter, with ends
crimped to reduce thickness.

BELL TELEPHONE
LABORATORIES

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS FOR CREATIVE MEN IN MECHANICAL ENGINEERING
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MR. SERVICE DEALER:
you’re ridin’ high, wide
an’ handsome

Y
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MAKE THE MOST OF IT!

Once again, Raytheon i1s telling your story, this
time to the 26,450,000 readers of LIFE Magazine
(September 12 issue) and, once again, you have a

& . golden opportunity to cash in on this great, national
el promotion. All yox need to do is tie /n with this dra-
matic, colorful, full page advertisement. Use Raytheon

) HOT OFF THE PRESS! decals, blow-ups ofpthge ad, displays and localyadver-
The Sensational New RAYTHEON tising to show customers yox are the capable service

TRANSISTOR APPLICATIONS BOOK dealer we're talking about. You'll increase your
volume and profit and boost your neighborhood

116 pages — over 50 practical applications —

complete how-to-do-it instructions. Available from prestige to an all-time h:gh.
your Raytheon Tube Distributor or send 50¢ to Your Raytheon Tube Distributor will be happy to
Department P7, Raytheon Manvfacturing Company, help you plan a tie-in campaign that will prove most

Newton 58, M husetts. A 3
e i pen effective. Call him today.
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TV CAPACITOR SERVICING DATA

For Every Manufacturer fromAto Z

FREE FROM SPRAGUE

These two pocket-size manuals are the hottest
radio-TV servicing guides ever produced. Both
contain the most complete—and the most up-to-
date—capacitor replacement information avail-
able ANYWHERE!
Keep them both handy and you’ll never have to
thrash around for the right capacitor replacement
information. Sprague makes them all, Sprague lists
themall,and Sprague distributors know them all—all
tohelpyouhandleeverycapacitorjobrighteverytime.
What’s more, you don’t have to pay a red cent for
these valuable, expensive-to-prepare, expensive to keep
up-to-date manuals. You can get them both FREE from
Sprague distributors located in every sales area in the
United States. We'll be glad to send you the name of the
one nearest you. Or, for 10c to cover postage and mail-
ing, we'll gladly send you the manuals direct from
Sprague Products Co., 81 Marshall St., N. Adams, Mass.

SPRAGUE

WORLD'S LARGEST CAPACITOR MANUFACTURER

Sprague Products Co. is the Distributors’ Division of the Sprague Eiectric Co.
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1in Our Histor

to
Millions of

TV viewers
every week

ROTORS

An outstanding group of rotors. .. three

proven and tested models. .. ALL 40%
SHARPER TUNING than ANY other automatic
rotor. Handsome cabinet. .. dependable
performance...proven and tested by thousands

and thousands of satisfied users.

1tHE RADEIEART corpP.

CLEVELAND 13, OHI1O {
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HARRY R. ASHLEY e
President /
GET THE MOST FOR YOUR

MONEY! Don’t buy ANY test in.
strument until you put the EICO
INSTRUMENT (kit or wired)

equivalent before you—and . ..

* Compare ADVANCED ELEC.
TRONIC DESIGN

* Examine the QUALITY
PARTS

% Notice ease of construction

* Check EICO’s 5-WAY GUAR-
ANTEE on components, instrue-
tions, performance, lifetime serv.
ice and calibration

* Compare FEATURE for FEA.
TURE, DOLLAR for DOLLAR

Then YOU decide who's giving vou
the MOST for YOUR MONEY.

46 KITS and Instruments to
choose from!—an instrarient for
every purpose.

You’ll SAVE 50% and more
. . . when you BUY EICO!

Write for FREE CATALQG C9

yeicos

84 Withers St. o

Brooklyn 11, N. Y.
Prices 59% higher on West Coast

©5s5
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EICO’s mass purchasing and world-wide distribution, together
with advanced electronic design, produce values never before pos-

sible . . .
COST!

LIFETIME!
& w
¢ o
£
. g
@ t} ] %

NEW
DC WIDE BAND
5" 0SCILLOSCOPE
#4560
KIT $79.95
Wired $129.50

to give you LABORATORY PRECISION AT LOWEST

You build EICO KITS in one evening — but ... THEY LAST A

5 PUSH-PULL
0SCILLOSCOPE
4425
KIT $44.95
Wired $79.95
L
7 PUSH-PULL
0SCILLOSCOPE
#470

KIT §79.95
Wired $129.50

VACUUM TUBE
VOLFMETER 221

#232 Peak-to-Peak
VIVM with

@& KIT $34.95

TV/FM SWEEP GENERATOR #360

. £ B
i A DUAL-PURPOSE p@ Vired $43.95
i = AC/DC UNI-PROBE ;
DELUXE VIVM e @ {pat. pend.) p. o=
XEN
£#214 (72" METER) g KiT 529 95 . A
LR =t Wired $49.95 &4
Wired 33435 | eommmsmm. ' TUBE TESTER #625
s Pix Tube Test Adapter ... $4.50
T
944 FLYBACK
TRANSFORMER &
YOKE TESTER —
KIT $23.95 Wired $49.95 KIT $39.95
wired $34.95 Wired $59.95

6V & 12V BATTERY ELIMINATOR &
CHARGER #1050

DELUXE MULTI-SIGNAL TRACER #147

SMC-2.5MC CRYSTAL . $3.95ea, | DELUXE RF SIGNAL GENERATOR #315
Kir "W"— P
$29.95 = = KIT
oos KT S24.95 $19.95
:‘3‘;2‘5 3 eco  Wired $29.95 [ 1 [ B wired
4 Laae! ° °  $29.95
E S

R-C BRIDGE & R-C-L COMPARATOR
1£9508

KIT $24.95
Wired $29.95

20,000 Ohms/Volt MULTIMETER
1565

KIT $12.90
Wired $14.90

1000 Ohms/Volt MULTIMETER #536

WWW americanradiohistorv.com

VIVM PROBES KIT Wired
Peak-to-Peak ........$4.95 $6.95
RF . $3.75 $4.95
High Voltage Probe-1 ... $6.95
High Voltage Probe-2 ... ... $4.95
$5.75
$3.95
$5.75

Over %-Million EICO KITS & Instruments sold to date—OQUR TENTH YEAR!
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RADIO -
ELLECTRONICS

Hugo Gernsback, Editor

THE GIANT ELECTRONICS INDUSTRY

e « « Facts and figures of our incredible iﬁa’ustry PP

The future of electronics was discussed recently by W.
Benton Harrison, vice president of Sylvania Electric Prod-
ucts, Inc., before the Financial Analysts of Philadelphia.
Highly interesting facts and figures were cited. A condensed
version of Mr. Harrison’s address follows:

LECTRONICS is such an enormous subject that it
would require a good many men a good many days to
speak on all its aspects. It is relatively new and grow-
ing very rapidly. Since electronics encompasses a
vast multitude of products and systems and new ones are
being developed and introduced almost daily, and since new
companies are entering the field all the time, just producing
sales-volume figures has been a monumental task.

We are extremely fortunate in having Radio—Electronics—
Television Manufacturers Association (RETMA), which
compiles most exact and reliable industry reports. Our pre-
dietions can come to within at least 85 to 90% of accuracy,
and possibly better.

One of the two major fields within the industry today is
entertainment electronics. To illustrate, let us consider what
trade gossip once had to say about prospects for television
in 1954. Dealers sold 6,400,000 sets to the public in 1953.
This was an all-time record. When a period of rather severe
inventory adjustment began in late 1953, “the trade” mis-
takenly attributed the setback to a decline in buying by the
public. So when 1954 approached, this same “trade” glumly
forecast that television set sales in 1954 would be somewhere
around 5,000,000. What happened? The public bought ap-
proximately 7,300,000 sets last year, once again establishing
an industry all-time high.

We expect that some day there will be just as great a
percentage of television homes as there are radio homes
today, and today there are 46,600,000 radio homes in the
United States. Of those radio-set homes, nearly 70% also
have television. This high figure, coupled with the fact that
by the end of 1955 virtually the entire country will be within
range of a good television signal, means that television is
rapidly approaching the saturation point—the point at
which virtually every home that is going to have a set
already has one. But don’t let that word “saturation” mis-
lead you.

In fact, we believe that the public will purchase 6,300,000
black-and-white television sets in 1955, in addition to ap-
proximately 100,000 color receivers. Let’s analyze that figure
of 6,300,000 black-and-white sets. If only 4% of those now
in use are replaced for wear or obsolescence, that means a
sale of 1,300,000 sets. If population growth and establish-
ment of new homes this year proceeds as expected, this
might mean the sale of another 600,000 more sets than if
the population and number of homes remain static.

The growth of the second-set idea might mean the sale of
another 300,000 units. These figures—and I should like to
say that in each category the estimate is very conservative—
add up to a sales potential of 2,200,000 sets in 1955. Sub-
tracting this from the predicted figure of 6,300,000 black-
and-white sets, that leaves 4,100,000 to be marketed to
established homes that never have had a television set before.
As of right now, there are approximately 15,600,000 homes
in the United States without a television set. This means the
industry will have to sell one in every four existing homes
currently without television in order to achieve our estimate
of 6,300,000 black-and-white sets for 1955. The average
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cost of a black-and-white television set is $140 factory price.
Therefore, if we sell a quarter-million more sets than we
have estimated, that will mean an additional $35,000,000 to
the industry. If we sell a half-million more sets than those
predictions, that will mean an additional $70,000,000. And
an extra million sets would add a whopping $140,000,000 to
the industry’s overall volume.

Even though the number of nontelevision homes declines
appreciably each year, these factors indicate to me that
the long-term potential for television certainly will range
between 6,000,000 to 7,500,000 sets per year through the
next decade. At the end of the decade, in 1964, it is likely
that somewhere in the neighborhood of 7,300,000 sets will
be sold and that annual dollar volume will be around
$1,500,000,000.

In other words, dollar volume of television sets a decade
hence will be 40 to 50% greater than it is today. The increase
will of course be attributable to a steadily expanding number
of color sets. While it is probable, we think, that no more
than 150,000 color sets will be produced this year (and
only 100,000 of them sold to the publie), it is expected
that something like 34% of sales will be color sets in the
1958-60 period and that by 1964 color will account for about
61% of all sets produced. As you can see, color is on the
way, but it will be some time before color sets will be
marketed in large quantities, and at least six years before
production for color catches up with black-and-white.

Has television crowded home radio off the map? Hardly.
The manufacturers sold 6,400,000 home radios last year for
a total volume of about $136,500,000, and it is expected
another 7,000,000 sets, at approximately $147,000,000, will
be sold in 1955. Market surveys show that more people than
ever before are listening to radio and that during the day-
light hours when the housewife can’t stay in one room, the
radio is turned on more frequently than the television set.
It seems indicated that over the 195860 period, nearly
7,800,000 radio sets, grossing over $148,000,000, will be sold
each yvear and that by 1964, 8,500,000 home radio units will
be sold, at a total of nearly $162,000,000.

The sale of entertainment radios for automobiles will
be linked very closely, of course, to automobile production.
It seems a certainty that virtually three of every four
pleasure cars will be equipped with a radio. Our researches
show that 4,100,000 auto sets, totaling nearly $103,000,000,
were sold in 1954 and that another 4,300,000, aggregating
%$107,500,000, will be sold this year. Auto-set sales in the
1958-60 period should average 4,800,000 annually at an
average volume of $120,000,000. In 1964, it is expected
5,600,000 auto units will be sold at a dollar volume of about
$140,000,000.

Before the war, the receiving-tube business carried along
at a rate ranging from $10,000,000 to $12,000,000 a year.
But that market has expanded into a business, including both
receiving and picture tubes, that exceeded $170,000,000 last
year, is expected to be above $400,000,000 in the next five or
six years and will go to $575,000,000 or higher by the end
of the decade ahead.

The last factor in entertainment electronics devices is
records and phonographs, which should maintain a fairly
level volume of sales of between $120,000,000 and $140,-
000,000 a year, at a minimum, over the next decade. I have
heard the high-fidelity market alone deseribed as potentially
a $200,000;000 business. (Continued on page 160)
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- Making
Printed Circuits

‘ﬁ
L

Al your needs for
this type of wiring are

easily available.

By TOM JASKI

OR commercial, industrial and mil-

itary purposes printed circuits and

printed-circuit wiring are well es-

tablished. Some reach the experi-
menter and the amateur as small en-
cased coupling plates or as major parts
in the latest instrument kits.

For most of our work however we
struggle along with clusters of wires,
components and mounting strips, often
difficult to lay out, particularly in
shallow chassis. After building a few
instruments with printed-circuit wiring
one begins to wonder why the advan-
tages it presents could not be obtained
for most equipment. With components
available in smaller sizes, transistors
becoming more available and lower in
cost, this would be a very desirable
advance.

At least one company has put on the
market a $10 kit of conducting and
resistance paints. Another firm sells a
6 x 6-inch sheet of copper bonded to
plastic, and the covering and etching
material to make your own printed
circuits.

The paints, although capable of pro-
ducing a printed circuit in the true
sense of the word, are costly and not
easy to use.

Conductor lines are very easily dam-
aged by the heat from even a very small
soldering iron. The resistors are not
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particularly stable and change dras-
tically in value with an application of
the insulating lacquer. Figs. 1 and 2
show circuit wiring formed with con-
ducting paints from a kit.

The people selling the bonded sheets
offer more hope to the experimenter.
The printed-circuit wiring which can
be made with these kits, however, can
just as well be produced with a few
cents’ worth of materials from the local
hardware and drug stores.

Constructing printed circuits

One type of printed-circuit board
consists of some .001 to .003 inch thick
brass shimstock, any type of plastic
sheet and a small quantity of suitable
adhesive. Professionally, an adhesive
film using pressure and heat for bond-
ing can be obtained. But most hard-
ware stores or hobby shops carry some
adhesive which will do just as well.
I use a cement with the name of GOO
which did a fine job without either heat
or pressure so long as the directions
were followed exactly. The thermo-
setting plastics such as Bakelite or
Micarta will do a better job than most
others, but even fishpaper can be used.
The thermoplastics may give some
trouble by melting locally when attach-
ing connections. The brass and plastic
are cleaned thoroughly before gluing,

WwWwWw.americanradiohistorv.com

Fig. 1—Subminiature push-pull oscil-
lator parts mounted on circuit board.

and roughening the surface with 8/0
cabinet paper may be helpful.

The circuit is carefully laid out on
paper. If you have ever done maze
puzzles, this part should be easy. The
main trick is to avoid crossovers. Other-
wise conventional ecircuit layout methods
are used—placing the parts so that no
undesirable coupling takes place and
using the shortest possible connections.
Provide small holes for component
leads. For ¥%-watt resistors these
should be spaced % inch apart. For
capacitors they will vary greatly with
size and voltage rating. Generally the
ceramic capacitors will be the most
compact.

If a crossover becomes unavoidable,
two small holes in the circuit board and
a short wire on the other side will
turn the trick. For circuits where
shielding is desirable and intercapac-
itances are not critical, as little metal
as possible should be removed. For
high-frequency ecircuits or low-level
amplifiers requiring very high insula-
tion values, most of the metal should
be removed.

To complete the circuit board after
bonding the brass and plastic, transfer
the design to the brass with carbon
paper or pressure with a hard drafting
pencil. With a sharp pointed knife
remove the metal as required. For
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Fig. 2—Rear
view of Fig. 1—
conductors made |

RADIO

Fig.3—Circuit
board for two-
.| stageamplifier

with silver con-
ducting paint.

made with
knife and drill.

; VWV
'A'A'A_‘

Fig. 4—Schematic diagram and circuit layout for two-step counting circuit

appearances’ sake remove excess glue
with a solvent recommended by the
glue manufacturer. The small lead
holes are made with a No. 50 drill and
the circuit board is ready for installing
components. With reasonable care no
damage from soldering iron heat will
occur. If the glue should soften locally,
it will soon set again. In the mean-
time the component lead will hold the
brass firmly in place.

You will soon learn to keep circuit
lines straight and simple if the knife
is to be your tool. Fig. 3 shows a circuit
board for a two-stage subminiature
amplifier produced with no other tools
than a knife and a No. 50 drill.

A second method, a little closer to
industrial practices, offers advantages
for more complicated circuits. It also
lends itself very well to repetitive
manufacture such as the two-step
counting circuit shown in Fig. 4.
Start again by bonding a sheet of shim-
stock to plastic as before. Depending
on whether you have to make one or
many, either paint on the brass direct-
ly all those pieces which are to remain
or make a stencil showing the same
pieces. With a stencil a small spray
gun is helpful but not essential. The
paint used can be enamel or lacquer.
If desired, various colors may be used
for clarity. Fig. 5 shows a stencil and
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the painted board. A stencil to be used
frequently might well be made from the
same shimstock.

Prepare an etching bath consisting
of water and a small quantity of
sulfuric acid. Submerge the -circuit
board in it as the anode and any elec-
trode will do as the cathode. Apply a
6-volt direct current, and in a few
minutes the brass in the unpainted
areas will begin to eat away. If a more
lively bath is desired, more sulfuric
acid can be added or even a few drops
of nitric acid. But a fast etching bath
is much harder to control.

All parts of the brass should dis-
appear at about the same rate if it was
properly cleaned, and a layer only
a few molecules thick will remain which
can be wiped off with the glue solvent.
However, if brass islands should per-
sist, these can be removed by momen-
tarily connecting them to the positive
side of the voltage source. Proper
etching may require a little practice,
but it is not difficult. Cleanliness of the
brass is the single most important
factor. A sheet cathode parallel to the
circuit board and at least of the same
size will give an evenly etched job
across the whole area.

After etching, very thorough wash-
ing and rinsing, all that remains to
complete the circuit board is removal
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of the lacquer or paint and the drilling
of holes for component leads. Tube
sockets are easily installed by bending
the lugs forward and removing the
metal mounting ring, if any. No spe-
cial sockets are required. Fig. 6 shows
the etched circuit board with one socket
installed. It is sometimes desirable to
drill the large socket holes before bond-
ing the brass. This avoids serious stress
on the brass around the holes.

In a third method the etching bath
with the addition of a small quantity
of copper sulfate and Rochelle salts is
used. These chemicals can be obtained
in virtually all drug stores. The copper
sulfate can be produced by allowing
diluted sulfuric acid to react with some
copper in the presence of air, but it
takes a long while. The process can be
speeded by applying d.c. and two copper
electrodes, but that requires careful
filtering of the solution. This third
method, perhaps the most commonly
used, consists of literally growing the
circuit by electroplating (Fig. 7) or
electroforming. The latter term applies
when we provide form walls for the
metal to deposit in to the desired thick-
ness.

Start with a very clean piece of
plastic and on this paint or draw the
desired circuit lines. Paint only those
parts which are to remain, using a
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Fig. 6—The etched
circuit board.

S A ————

Fig. 5—Top, stencil

made from layout.

Bottom, the painted
circuit board.

conducting paint. If no conducting
paint is available, it ean quickly be
made by removing the carbon rod from
a used flashlight cell, powdering it and
mixing the powder with some drafting
fixative. This makes a conducting paint
which shows very excellent bonding
and plating characteristics. However,
even a soft drafting pencil or an electro-
graphic scoring pencil could be used.
They will produce lines which can be
plated, but it takes a little longer.

In drawing the circuit, the electrode
must be connected to all parts. For this
purpose small bridges can be drawn
which can be removed later. Connect-
ing bridges drawn on the edge of the
plastic are particularly easy to remove.
Immerse the circuit board in the bath,
connecting it this time to the negative
side of the power supply, with a copper
electrode connected to the positive side.
Only 1 volt is used. More voltage would
make the copper porous, resulting in
poor adhesion. Lower voltage would
not provide “throwing power”—the
copper particles would not reach their
destination on the board. The bath
should be about 100° F. for best results.
A hot bath will provide better-quality
copper and better bonding. The top
limit is about 140° F. These values
should provide about .001-inch plating
in 45 minutes. Several thousandths
thickness is desirable since it permits
sanding and polishing of the circuit
lines.

Electroforming is not much different

36

Fig. 7—Plated cir-

cuit board — plat-

ing is copper, base
is Plexiglas.

from plating. In this case circuit lines
are scribed in the plastic with heat.
Narrow and shallow grooves can be
made with a plastic cutting tool such
as the Ungar type 540 marking tip.
Sand the surface of the board smooth
and scrape the grooves to remove loose
particles. Then paint the grooves with
conducting paint. At this point it would
be well to check for continuity with an
ohmmeter. The next step is the same
as plating, with the same ingredients
and current values. The formed circuit
will be entirely below the surface of
the plastic and thus well protected from
damage.

Other methods of producing similar
circuit boards, such as embedding and
casting, have been experimented with
but seem to have no great advantages
for the experimenter. The processes
involved are more complicated and more
adaptable to large-scale production.

For those not entirely familiar with
the advantages of printed circuits, here
is a brief summary: Printed circuit
wiring is neat and compact. It is not
subject to mechanical shock or vibra-
tion and provides a very rigid mounting
for component parts as well. It is very
constant in intercapacitance relations
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and stable with temperature variations,
important factors in critical high-
frequency circuits.

The following is a list of manufac-
turers currently producing equipment
used in the various methods of making
printed circuits. This list is repre-
sentative of available products and is
by no means complete:

Conducting paints

General Cement Co., 919 Taylor Ave., Rockford,
11l (silver $4.70 net, per ounce)

Microcircuits Co., New Buitalo,
and copper, parts of kits)

Mich. (silver

Handy & Harman, 82 Fulton St., New York
38, N. Y. (silver)

Resistance paints

Microcireuits Co., New Buffalo, Mich. (in kit

form, approximately $10)
Inter Electronics Corp., 2432 Grand Concourse,
New York 58, N. Y.

Bonded-sheet Iits

Tele-Diagnosis Co., 155 W. 72 St., New York
23, N. Y. (kits $19.95)

Techniques Inc., 135 Belmont St., Englewood,
N. J. (kits, $4.95-%25)

Consultants for Industry, 273 E. 175 St., New
York, N. Y.

Harcon Electronikits, Brandywine, Md.

Bonded sheets

Mica Insulator Co., Schenectady 1, N. Y.
Continental Diamond Fibre Co., Newark 16, Del.

END

RADIO-ELECTRONICS


www.americanradiohistory.com

RADIO

Common-Collector Transistor Amplifiers

HE input impedance of the famil-

iar common-base and common-emit-

ter junction transistor amplifiers is

notoriously low when compared
with the high input impedance of tube
type amplifiers. Typical values are 60
ohms for the common base and 1,000
ohms for the common emitter.

The common-collector amplifier cir-
cuit, least familiar of all three tran-
sistor circuit configurations, does have
high input impedance and can be used
as the input stage of transistorized
instruments such as multistage am-
plifiers, signal tracers, a.c. electronic
voltmeters, Geiger counters and similar
devices. It is useful also, in lieu of a
stepdown coupling transformer, be-
tween transistor amplifier stages as an
interstage impedance-matching device.
Unlike the transformer, the common-
collector stage provides power gain.

The common-collector amplifier re-
sembles the tube type cathode follower
in the following respects: It has high
input and low output impedance, volt-
age gain of less than 1, power gain,
excellent frequency response and no
phase reversal. The common collector
differs from the cathode follower, how-
ever, in that its input resistance is not
independent of its output resistance,
being highest for high output values
and vice versa. Also, its output resist-
ance increases as the resistance of the
signal source (generator) increases.
Another important property is that, for
fixed generator and output resistances,
the input resistance of the common
collector decreases with increasing sig-
nal frequency. In spite of these un-
common characteristics, the common
collector is quite satisfactory as a
source of high input impedance, along
with power gain, in the input stage of
many transistorized circuits.

In a common-collector circuit, the
input signal is applied between the
base and collector of the transistor
(Fig. 1). The internal base resistance
r. and collector resistance r. thus are
in series with the signal source. It is
r. that gives the common-collector cir-
cuit its high input value, since r. for
a junction transistor is very high with
respect to r».

In surveying the characteristics of
commercial transistors, the CK725
seemed to have particular merits for
common-collector operation, since its
collector resistance is 2 megohms and
its alpha high. The base resistance of
this unit is 1,500 ohms, so offhand one
might expect to obtain an input resist-
ance (r. + r) of 2,000,000 + 1,500, or
2,001,500 ohms in a common-collector
circuit. Actually, however, this value
could not be attained practically, since
r. + r, must be multiplied by a decimal
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By RUFUS P. TURNER
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CK725, the maximum calculated input
resistance thus will be something less
than 2 megohms.

The resistance-capacitance-coupled
circuit shown in Fig. 1 was assembled
for test. In this arrangement, the base
of the transistor “floats” without bias
to provide the highest possible input
resistance. (A bias-stabilizing resist-
ance network would lower the imped-
ance.) A low-voltage d.c. source (1.5)
was chosen since the resulting low d.c.
emitter current helps keep the input
resistance high.

Using a 600-ohm signal generator,
the following performance data were
accumulated: 1. Input impedance at 20
cycles is 1.2 megohms and decreases to
160,000 ohms at 50 ke. This falloff is
shown by the curve in Fig. 2. Individual
CK725’s might supply higher input
impedance. 2. Voltage gain is constant
at 0.96 from 20 cycles to 10 ke (Fig. 3)
and falls slowly to 0.88 at 50 ke. 3. The
maximum input signal voltage Ei. be-
fore positive-peak clipping appears in
the output signal is 0.52 volt r.m.s.
4. The corresponding maximum output
signal voltage Eou. is 0.499 volt r.m.s.
5. Power gain is 30.74 (14.87 db.).

These data were taken with a high-
impedance a.c. vacuum-tube voltmeter
and oscilloscope connected in parallel
across the signal output terminals. The
minimum load which might be con-
nected directly to the output terminals
of the circuit in Fig. 1 without upset-
ting its operation would be approxi-
mately 10 times R1, or 300,000 ohms.

When this common-collector circuit is
used as the input stage of a system, its
output should be transformer-coupled
to the next stage for satisfactory im-
pedance matching and to maintain the
very high input impedance. For ex-
ample, the circuit in Fig. 1 may be
transformer-coupled to the input of a
common-emitter voltage amplifier stage
(input impedance = 1,000 ohms) with
a 30,000-to-1,000-ohm coupling trans-

former. This transformer would have
K725
EA
| 3 DA i|€
> 3 14 S sig outeuT
RIS,30K
(Egur)
SIG INPUT (EN)
=
——
ON-OFF

L5V

]

=l

Fig. 1-—Schematic diagram of common-
collector transistor amplifier circuit.

www.americanradiohistorv.com

a turns ratio of approximately 5.5 to 1.
The high-impedance winding of the
transformer is connected in series with
the emitter and the positive terminal
of the battery, R1 and C1 being omitted.
If no transformer were used and R1
were made 1,000 ohms, the input im-
pedance of the common-collector cir-
cuit would drop to approximately 20,-
000 ohms at low frequencies and still
lower at high frequencies.

The curve in Fig. 3, showing falloff
of input impedance with increasing fre-
quency, indicates that this particular
common-collector circuit might be use-
ful only with a signal source which
would not be loaded badly by the lowest
amplifier input impedance (160,000
ohms at 50 ke¢). Low- and medium-im-
pedance transducers, pickups and mi-
crophones would fall into this category.
In applications where the operating
frequency is either fixed or extends over
only a narrow band, the common-col-
lector input impedance is fairly con-
stant. Such applications include bridge
null detectors and other single-fre-
quency a.f., r.f., and i.f. amplifiers; sig-
nal tracers in which the transistor
audio amplifier is preceded by a diode
detector and the r.f. test signal is am-
plitude-modulated at a single audio fre-
quency; Geiger counters; code-signal-
ing circuits.

The common-collector circuit merits
attention and exploitation by the ex-
perimenter, who up to this time seems
to have overlooked its important possi-
bilities while grasping for the higher
voltage gain and power gain of the two
other common circuits. END
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Fig. 2—Variation in the common-col-
lector input impedance with frequency.
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Top view i :
Amtenna jack'is in forward hatch cover.
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ol System

By RICHARD H. DORF*

Part [I—The radio receiver

and control system

ITH the boat’s removable

cabin off (see photo) the

electric components can be

seen. Toward the bow, im-
mediately behind a 90-volt battery, is
the 6-meter superregenerative receiver,
which includes audio voltage amplifiers
and a power output stage. A little aft
of midships is the control chassis con-
taining eight relays. Four of these are
resonant-reed relays, which operate only
when energized by a.c. of the correct
frequency. The frequencies used are
416.3, 442.6, 470.5 and 500.2 cycles. They
can be so close without any possibility
of control errors because the sensitive
spectrum of each relay extends over a
range equivalent to only 1% of its
nominal frequency.

The resonant relays cannot control
power directly so they are made to
energize auxiliary relays which can.
The auxiliary relays control rudder mo-
tion and drive. One 90- and one 45-volt
B battery are used, plus a 1.5-volt cell
for filament heating and a 6-volt minia-
ture storage battery for the drive and
steering motors.

Fig. 1 is a schematic diagram of the
boat receiver. Isolating stage VI helps
prevent superregenerator radiation
from causing trouble. The superregen-
erator is V2-a, with R1 the regeneration
control. Stages V2-b and V3-a are volt-
age amplifiers, and V3-b is the power
output stage which feeds the control
chassis and the resonant relays.

Fig. 2 shows the top of the receiver
chassis. A Bud Minibox 8 x 4 x 5 inches
was used for both receiver and control
chassis. The receiver chassis is simply
the unflanged part of the Minibox, with
the tubes mounted underneath (Fig. 3).
This was necessary because, when the
cabin is replaced on the boat, there is
no room for tubes on top. (There is an
extra tube socket which later was not
needed but was left in place out of
laziness.) This method of construction
has the advantage that the circuitry is
accessible even when the chassis is in
operating position, so that adjustments
and tests can be made.

*Electronies consultant, New York.
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Fig. 4 is a diagram of the control
chassis. This is the flanged part of the
Minibox, with two sides removed by the
simple process of bending them until
they fall off. The result appears in Fig.
5. The legs are angles. The alteration
was made so that the control chassis
could straddle the propeller drive shaft
to conserve space. As Fig. 5 shows there
is very little under the chassis so this
is no problem.

The relay connections require a little
explanation. RY5 and RY6 (which are
energized by resonant relays RY1 and
RY2) have single-pole double-throw
contacts and control the polarity of volt-
age applied to a small steering motor
(of which more later). Tracing the con-
nections, it is seen that if RY5 and RY6
are unenergized, contacts 1 and 2 of J4
go to ground. If RY5 is energized, con-
tact 2 of J4 remains at ground potential
while contact 1 goes 6 volts positive.
When RY6 is energized, just the reverse
happens.

The drive-motor circuit could have
been made just the same, and in fact
constructors will probably do it that
way. However, I just happened to have
a double-pole double-throw relay in
stock, with only three of the others,
so it was used. Here RYS8 does the
polarity-reversing in the standard way,
while the contacts of RY7 stop current
from passing to the motor when they
are open. With RY8 unenergized
polarity is such as to cause the boat to
go astern and when RY7 closes that
happens.

The relays used for RY5, 6 and 7
were 2,000-ohm G-E surplus units. It is
much better for the life of the resonant
relays to use 10,000-ohm relays through-
out, in which case the values for Rl
and C1 should be used with all relays
rather than the simple 1-zf capacitors
necessary to make the less sensitive ones
work. The value of R1 can be increased,
depending on trial.

'
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Fig. 1-—Receiver diagram—superregenerative with 1 power and 2 voltage stages.

Fig. 6 is a diagram of the wiring
installed in the boat. All permanent
wires are threaded through small holes
made in the boat frame supports to keep
them in place. The boat photo shows the
battery locations. To get the 1.5-volt
cell in place in this model, a couple of
the frame supports must be cut away,
but remaining strength is sufficient.

Connectors of any kind can be used.
The ones used in this boat were made up
from an Elco Varicon kit, which permits
making connectors of any size. Insulated
hookup wire is used.

The rudder

This arrangement (Fig. 7) is some-
what special and works out very well,
even as constructed by an individual
who dislikes mechanical work.

The motor which drives the rudder is
a small 4-6-volt d.c. unit with a trans-
parent plastic housing. It rests on its
side in the left rear compartment of the
boat and is set in place with Duco
cement. Its shaft holds a worm which
extends in the direction of the bow. A
vertical shaft supported in holes in a
small metal dual angle has a small
pinion gear on each end. The lower gear
contacts the worm; the upper gear can
be seen in the photo.

The rudder post goes through a small
tube and is soldered to the rudder. The
upper part is bent so that it forms a
sort of tiller. A section of rack is bent
into a quarter-circle and a hole drilled

Fig. 2—Topside of the receiver chassis.
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in it to take the end of the tiller, which
is fastened in place with solder. The
circular rack section contacts the upper
pinion gear.

When the motor rotates, the gears are
rotated and the rack is swung back and
forth taking the rudder with it. The
rack section is short enough so that it
goes off the gear at the limits of rudder
travel. There is thus no problem of

STEERING MOTOR

+6V — DRIVE MOTOR

REVERS!
470,50

=
g
— o —
L 240 N
FORWARD ~ RY8-10K
RY4
00 5 *papeR

Fig. _4—Schematic of control chassis.

Fig. 3—Underchassis view of receiver.
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Fig. 5—Control chassis holds relays. Ej
It is a modified Minibox (see text).

mechanical binding and there need be
no limit switches to stop the rudder
motor. Small pieces of foam rubber
press the ends of the rack lightly
against the gear at the rudder limits so
that the rudder immediately starts to
move when the steering motor is re-
versed after overtravel.

The worm, gears and shaft are avail-
able In hobby shops where the motor can
be bought. They are approximately 48
pitch and the rack is 48 pitch, obtained
in 2-foot lengths from Boston Gear or
any similar company. All are brass.

The rack should be bent to shape after
the motor, gears and rudder are in
place. Measure the distance between the
vertical rudder post and the gear, then
draw a circle on paper with this as a
radius. Bend the rack to shape, using
the perimeter of the circle as a pattern.
Exactness is not necessary—the whole
system is far from a precision job but
it is adequate. Lubrication of the gear
system is not desirable—since it will
catch dust—and is not necessary for
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Fig. 6—Permanent boat wiring. Lamps
prevent rudder motor from going too
fast; when cold, their low resistance
passes extra current for motor starting.
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low speeds and intermittent operation.

Final adjustment

The entire system can be adjusted on
the bench before it sees the water. Make
a simple stand to hold the boat (see
photo in Part I). A banana jack is
fastened to a hatch cover on the forward
deck and the wire led to the antenna
plug. The antenna is a piece of bus
wire a couple of feet long, soldered at
one end to a banana plug.

Turn on the transmitter (keep it a
few feet away) and adjust the oscillator
and amplifier tuning for maximum out-
put, switching on any tone for this
purpose. Advance the receiver regener-
ation control about a quarter-turn and
tune the oscillator slug (L3 in Fig. 1)
for maximum audio as indicated by
vibration of a resonant relay or a pair
of phones clipped to ground and some
wire or plug pin connected to the re-
ceiver audio output. Adjust regenera-
tion for a clear tone. Tune the antenna
coil for maximum output; this will not
be a sharp maximum.

Now, if it has not been done before
(and even if it has, do it as a touchup),
adjust the values of the tone-tuning
capacitors in the transmitter so that
the relays operate. There may be spots
in the room, especially if it is in a steel-
beamed building, where there is poor
reception. This is due to standing waves

Parts for receiver and control system

Resistors: 1—I10,000, 1—82,000, 4—-220,000, 1—2.2
megohms, |, watt; 1—240 ohms (see text), | watt;
[—50,000 ohms, potentiometer, linear.

Capacitors: 2—5 ppr, 2—50 ppf, 1—100 ppf,
mica; 1—.00f uf, 1—.002 pf, 2—.01 pf, 1—0.1 yf,
1—0.25 pf, 3—‘1 uf, 200 volts, paper; 1—40 pf, 200
volts, electrolytic.

Relays: |—resonant, 416.3 cycles (Frahm 3304-8 or
equivalent); l—resonant, 442.6 cycles (Frahm 3304.7
or equivalent); |—resonent, 470.% cycles {Frahm
3304-6 or eqiivalent); l—resonant, 500.2 cycles
(Frahm 3304-5 or equivalent); 3—2,000 ohms (see
text), sensitive, s.p.d.t. (G-E surplus); 1—10,000
lohms, sensitive, cf.)p.d.". (Potter and Brumfield
LMI1 or equivalent).

Miscellaneous: 1—1T4, 2—3AS's, tubes; I—coil
LI, 3 turns of hookup wire over ground end of
L2; I—coil L2, 12 turns of No. 16 enameled wire
on Millen 69046 form; |—coil L3, same as L2; |—
transformer, interstage, 1:4 turns ratio, primary
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Fig. 7—Rudder drive system under rear
deck. Screws and bolts provide ballast.

and will not happen out of doors.
When the receiver battery voltage is
low, the steering and drive relays may
not operate simultaneously due to lack
of sufficient audio power output from
V3-b (Fig. 1). While the receiver does
not draw more than 20 ma from the
B supply, this happens eventually. The
batteries can be pepped up by connect-
ing them to an external power supply
for a few hours, with the supply volt-
age adjusted for a current to the bat-
teries of around 30 to 50 ma. The same
can be done for the transmitter, which
is a principal reason for the test jack.
Before letting the boat ride the waves,
one more thing is necessary—ballasting,
The radio equipment will inevitably be
out of balance, and probably will cause
the boat to be down by the head. Fig. 7
shows a simple ballasting method—add-
ing old screws and bolts in the rear com-
partment. Fill the bathtub with water
and carefully place the boat in it. Then
add old screws, bolts and anything else
heavy that comes in small pieces to
the rear compartment until the boat
is balanced. Remove the antenna for
this job. Then dump in generous quan-
tities of Duco cement to hold the
ballast in place. When dry, put the boat
back in the tub and leave it for several
hours to see that there are no leaks.
Then off to the nearest body of water
and her maiden voyage! END

impedance 7,000 to 15,000 ohms, secondary center
tap not used (Stancor A-64-C or equivalent); |—
transformer, output, 14,000 to 4 ohms (Stancor
A-3496 or equivalent); 2—r.f. chokes, & meters; |—

banana jack and plug; |—phone jack and plu?;
|—4-pin male and female connector; |—3-pin male
and female connector; 3—2-pin male and female

cornector; |—battery connector for 90-volt battery;
I—battery connector for 45-volt battery; l—con-
nector for I.5-volt cell; |—90-volt battery (RCA
VS 090 or equivalent); I—b-volt battery, wet,
miniature (Willard or equivalent); |—I.5-volt dry
cell (Burgess 4F or equivalent); 1—45-volt battery
(Eveready 455 or equivalent); I—é-volt motor,
d.c.; |—4-6-volt motor, d.c.; 3—No. 47 lamps;
3—7-pin miniature sockets; 3—5-pin sockets (for
,000-ohm relays}; |——aluminum box, 3x4 x5 inches
{Bud Minibox CU-3005 or equivalent); I—gear set,
I rack, 48 pitch, brass (Boston
|—d.p.s.t.
resonant

worm, 2 pinions,
ear); |—coupling for drive motor;
switch; 4—crystal “sockets, double, for
relays (Cinch 2K4 or equivalent).
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Contact Potential

OMETIME, when you are work-

ing on a receiver, disconnect all

but the heater leads from the

socket of any tube. Set your vac-
uum-tube voltmeter for measuring neg-
ative d.c. volts, on the lowest range. As
shown in Fig. 1, connect the positive
lead of the v.t.v.m to the cathode lug
on the tube socket and the negative
lead to the grid lug. Turn on the power
to heat the cathode of the tube. The
voltage you read on the meter dial is
contact potential.

Negative electrons are boiling out of
the hot cathode into the surrounding
vacuum to form a space charge. Bil-
lions of these electrons collect on the
grid which is nearest the cathode and
there they form a negative charge.
These electrons can escape only slowly
through many megohms of resistance in
the v.t.v.m. and enough remain to hold
the grid decidedly negative with respect
to the cathode. In many minature tubes
the difference of potential will read
about 1.5 volts.

You will find contact potentials also
on plates of triodes and on plates and
screens of pentodes, but the values are
very small. This is because not many
space-charge electrons get past the
grid. If, however, you check from the
plate to cathode of a diode such as the
6ALS5, contact potential will measure as
high or higher than those on grids of
triodes and pentodes. Electrons in the
diode are intercepted by no other ele-
ments between cathode and plate.

Next connect a resistor of about %
megohm between cathode and grid of
a triode or pentode (Fig. 2) or between
cathode and plate of a diode. Measure
contact potential across this resistor.
It will be only 20 to 30% of the former
value for now electrons are returning
to the cathode more rapidly through
the resistor than they did through only
the v.t.v.m. and fewer remain on the
grid (smaller negative charge) at any
given moment. If you substitute a grid-
return resistor of only 10,000 to 20,000
ohms, the contact potential may not be
measurable. Here we have one reason
why so many tube data sheets warn
against grid circuit resistance of more
than % to % megohm—or even 100,000
ohms. It is to reduce the biasing effect
of contact potential.

Contact potential negatively biases

DISCONNECTED ~pom
N DCVOLTS

SPACE CHARGE

HTR ON

Fig. 1-—Negative electrons collect on
grid to produce a contact potential.
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a grid without the help of any external
voltage. In many radio receivers the
grid resistor on the audio voltage am-
plifier has a value of about 10 megohms.
A familiar circuit is shown in Fig. 3.
Contact potential across this high re-
sistance supplies the entire negative
bias needed by the amplifier.

When a twin-diode tube is used in a
vacuum-tube voltmeter or other service
instrument as a rectifier or detector,
one section may be employed solely for
balancing the contact potential of the
other section. A method of doing this is
illustrated in Fig. 4. At a is a simple
shunt rectifier consisting of a single
diode which delivers pulsating positive
direct current when a.c. voltage is ap-
plied. With or without an applied a.c.
voltage there is contact potential, and
at very small a.c. inputs this contact
potential may add materially to d.c.
output voltage.

At b a second diode is added with its
connections reversed. If contact poten-
tials of the two diodes are equal at the
d.c. output, they will balance each
other. In practice, the contact potentials
of two diodes or of two sections of a
twin-diode are likely to be different, so
we resort to the connections at ¢ of
Fig. 4.

With these connections, positive and
negative contact potentials of the two
diodes act at opposite ends of a bal-
ancing potentiometer, with rectifed d.c.
output taken from the slider. Moving
the slider will allow picking up enough
negative contact potential from the sec-
ond diode to balance the positive con-
tact potential from the first, and d.c.
output will be unaffected.

Contact potential may be balanced
also with any available d.c. voltage of
opposite polarity which may be ad-
justed to suitable value. But without
some form of balancing, low-voltage
measurements may be erroneous. There
is no measurable contact potential be-
tween elements of a crystal diode, and
no balancing is needed. This is an
advantage of the crystal over the tube
when used in detector probes for serv-
ice instruments.

Contact potential in a tube becomes
less with lower heater voltage and
cathode temperature since electrons boil
less rapidly out of the cooler cathode
and form a weaker space charge. At
half normal heater voltage, contact po-

bC VOLTJ
%&ELECTRON FLOW

Fig. 2—Measuring the contact poten-
tial across a grid-return resistor.
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By H. P. MANLY

tential may be two-thirds or less its
maximum value. Contact potential
tends to be greater in tubes of high
transconductance than in those of less
amplification. The reason is that grid
wires are more closely spaced and may
be closer to the cathode in a high-gain
tube, and the grid collects more nega-
tive electrons.

You may wonder why we talk about
contact potential when the tube ele-
ments are not actually in contact. It is
because this effect is similar to that ob-
served when different metals are in
close contact, even when surrounded by
air. For instance, brass becomes nega-
tive to aluminum by almost 0.2 volt.
Again, when different metals are im-
mersed in a liquid electrolyte, the
metals acquire a difference of potential,
called contact potential. In vacuum
tubes the grid takes electrons from the
cathode through a vacuum when no ex-
ternal voltage is applied, but the effect
still is called contact potential. END

0 AF PWR AMPL.

Fig. 3—Conventional audio amplifier
circuit bhiased by contact potential.
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Fig. 4—Balancing contact potential.
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Schematic diagram showing all components in the tube—transistor receiver.

N many respects the transistor is ad-

mirably suited for the construction

of compact radio receivers. In addi-

tion to its space-saving feature, it
requires considerably less battery
pewer than does the tube. Unfortun-
ately, it is not easy to use transistors
efficiently with resonant circuits. The
input impedance of the transistor is, in
some arrangements, too low to connect
to a conventional parallel resonant cir-
cuit; in other configurations it is too
high to use the tuning properties of a
series resonant circuit. The transistor
counterpart of a vacuum-tube regener-
ative detector is likely to be less sensi-
tive and generally less selective than
the tube circuit. This represents quite
a problem to the would-be constructor
of a small headphone receiver.

A successful solution which over-
comes this obstacle is a hybrid circuit
consisting of a tube detector and one or
two transistor audio amplifiers. The
battery economy of such a set, though
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not as attractive as the straight tran-
sistor circuit, is much better than that
of a design based entirely on tubes. The
CK6088 is a good tube for this purpose
in view of the rather frugal demand
of the filament, only 20 ma at approxi-
mately 1.5 volts. Such a tube-transis-
tor set consumes 20 ma from a size D
flashlight cell and about 3.25 ma from
a 7.5-volt C battery.

A two-tube version of this set re-
quired 40 ma from the A supply and,
for the same performance as the tube—
transistor radio, a 22.5-volt B battery
was needed. With a tube and two tran-
sistors the percentage difference in bat-
tery drain between such a combination
and a three-tube set is even greater.
Furthermore, the tube—transistor com-
bination works as well as straight tube
sets. The additional power gain that
might be expected from tubes is largely
lost because of the low g.. of subminia-
ture tubes and from the difficulty in ob-
taining high sensitivity and high audio
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amplification simultaneously in the tube
detector.

Circuit description

The circuitry of the tube—transistor
receiver is shown in the diagram. The
tube operates as a cathode follower at
audio frequencies, at the same time pro-
viding radio-frequency regeneration.
The reason for this unusual arrange-
ment is that the low input impedance of
the grounded-emitter transistor stage
must be fed by a signal source also of
low impedance if we are to obtain effi-
cient power transfer. In addition the
current and power gain developed by a
cathode follower is used in driving a
transistor amplifier.

In the initial adjustment of this re-
ceiver it is important that L2 should
have just enough turns so that oscilla-
tion starts with R1 practically in its
zero-resistance position. Start with
L2 having about six turns around the
ground end of L1. The tube will not
deliver enough power to drive the tran-
sistor if its plate voltage is reduced too
far below the applied 6 volts despite the
fact that—with enough feedback—the
detector can oscillate with a plate po-
tential of 2 volts or so. For this reason,
the prescribed number of turns for L2
may be a bit skimpy. However, sensi-
tivity and selectivity will be very much
improved even if the regeneration is
below the value needed to cause the de-
tector to oscillate when R1 is fully ad-
vanced. Some experimenting should be
done to determine optimum conditions
of detector operation. This is easy since
the coupling between L1 and L2 can be
varied considerably by adjusting the
position of the ferrite core. The effect
upon the tuning range and Q of L1 will
not be great, provided the greater por-
tion of the slug remains within L1. To
take advantage of this easy way to es-
tablish optimum feedback, it is impor-
tant that L2 be wound next to one end,
preferably the ground end of L1, and
not directly over L1.

Most important, keep in mind that
the wrong phasing of L2 will produce
degeneration, with the very opposite
of the benefits desired from regen-
eration. This can be readily deter-
mined by trying the connections to
L2 first one way, then the other. The
connections which result in oscillation
or in the most peppy performance are
right and should not be reversed for
any subsequent change in the number
of turns on L2 or in spacing between L2
and L1.

The antenna, like the feedback ad-
justment, can be expected to vary with
receiving conditions. A 15-foot outdoor
antenna should be adequate for good
pickup of weak stations, provided a
ground is also used. Of course, a longer
antenna (within limits) is better. A
4-foot vertical whip without any
ground is sufficient for strong and me-
dium-strength stations. Fairly good re-
ception could be obtained by connecting
only the ground wire to the antenna ter-
minal of the set. Whatever the antenna
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used, C1 must be adjusted to find the
best coupling conditions. The shorter
the antenna, the higher must be the
capacitance of CI. For operation with
a whip antenna, C1 should be paralleled
by an additional 100-uuf capacitor.

The transistor collector current
should be about 1.5 ma. This current is
primarily determined by R2. Since tran-
sistors differ considerably from unit to
unit, it may be necessary to modify R2.
The transistor used was a germanium
junction n-p-n type. Equal results may
be expected from a p-n-p junction tran-
sistor but the circuit will have to be al-
tered so that opposite polarities of bias
voltage are applied to the emitter and
collector with respect to the n-p-n tran-
sistor. The point-contact transistor
(usually p-n-p) is not recommended be-
cause it is not stable in the grounded-
emitter amplifier circuit.

Modifications for the CK722

To use the more popular CK722 p-n-p
junction transistor, the following ecir-
cuitry changes should be made:

1. Reverse the polarity of the B bat-
tery so that the —7.5-volt terminal con-
nects to the output transformer.

2. Remove the ground connections
from the transistor emitter and from
the B battery tap. Reconnect the ground
to the negative terminal of the B bat-
tery.

3. Remove the R1 connection to the
output transformer and reconnect it to
the positive pole of the B battery.

4. Connect the emitter to the —1.5-
volt terminal of the B battery.

Parts for tube-transistor radio

Resistors: |1—1,200, |1—4,700 (see text), |—2 megq-
ohms, !/, watt; 1—100,000 ohms, potentiometer.

Capacitors: 1—50 p;‘lf, ceramic variable; 1—250
uut, mica; 1—350 puf, variable {larger section of
conventional two-gang tuning capacitor can be
used); 001 uf, mica; 2—4 pf, G-E Tantalytic
(it physical size is not important, a low-voltage
paper capacitor of | uf or larger can be used).
Miscellaneous: [—Ferri-Loopstick or equivalent; |—
L2, 6 or more turns wound adjacent to ground end
of loopstick coil (see text); |—3:1 audio trans-
former; |—size D flashlight cell; |—tapped 7.5-volt
radio C battery (Burgess 5540 or equivalent); |—
CK6088 (Raytheon subminiature); |—n-p-n junction
‘fypf transistor (Texas Instrument type 200); |—phone
jack.

The purpose of these modifications is
to bias the elements of the p-n-p tran-
sistor with the same voltages as the
n-p-n unit shown in the schematie, but
with opposite polarities. The counter-
part to this situation does not exist
with tubes; the applied d.c. plate volt-
age must be positive with respect to the
cathode. It is possible thai the experi-
menter might feel more at home with
the n-p-n transi r because its base
and collector are polarized exactly as
the corresponding elements of the tube,
the grid and plate, respectively.

The audio transformer provides an
approximate impedance match between
the transistor collector circuit and the
headphones. A fair degree of perform-
ance may be obtained by inserting high-
impedance headphones directly in the
collector circuit if it is desired to elimi-
nate the transformer in the interest of
miniaturization. END
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A.C. VOLTBOX

By RUFUS

LL experimenters have occasional
need for a source of variable low-
voltage, high-current a.c. Common appli-
cations include tube heating, relay
operation, experimental rectifier type
bias supply, line-frequency signal volt-
age for bridge tests and impedance
measurements, low-range a.c. voltmeter
calibration, and control voltage in
phase-operated electronic devices. Not
all experimenters can afford Variacs.
A step type a.c. voltbox can be con-
structed, using three or more small
surplus filament transformers, as shown
in the diagram. These transformers
are inexpensive and a number of volt-
ages in closely spaced steps can be
obtained. It is not necessary to stick
to the secondary voltages shown in the
diagram but I found that two center-
tapped 6.3-volt units and one center
tapped 2.5-volt unit provide a wide
combination of output voltages. The
various separatc voltages are obtained
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Schematic diagram of the a.c. voltbox.

by connecting the secondaries or halves
of secondaries in series, either adding
or opposing. As can be seen in the
table, the three transformers specified
provide any one of 22 voltages ranging
from 0.65 to 15.1.

The voltbox may be assembled in a
small metal utility box. The trans-
former secondary leads are connected
to nine front-panel insulated binding
posts, as indicated in the diagram. The
various output voltages are obtained

TERMINAL CONNECTIONS
Output Connect Output
Yoltage Terminals Terminals
0.65 3to 9 2 and 7

1925 s 7 and 8
1.90 3to9 2 and 8
2.50 [ 7 and 9
3.15 == | and 2
3.80 3to9 | and 7
4.40 3to? 2 and 8
5.05 Jto 9 | and 8
5.65 3to7 2 and 9
6.30 - | and 3
6.95 3tod4and5to 9 I and 7
7.55 3tod4andSto7 2 and 8
8.20 3to4and5to9 | and 8
8.80 3to? | and 9
9.45 Jto4 ! and 5
10.10 Jtodand 6to 9 | and 7
i 10.70 3to4and 5t07 | and 8 |
11.35 3to 4 and 6 to 9 | and 8
11.95 Jtodand5to7 | and 9
12.60 Jto 4 | and 6
13.85 3to 4 and 6 to7 | and 8
15.10 3to 4 and 6to7 I and ¢
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by connections to these terminals, as
detailed in the table. Construction may
be simplified and the size of the unit
reduced greatly by using a single trans-
former with multiple secondary wind-
ings, instead of three separate trans-
formers.

This procedure must be followed to
polarize the transformers correctly:
Connect terminals 3 and 4 together.
Check voltage between terminals 1 and
6—the voltage should be 12.6, since the
secondaries should be series-aiding. If
it turns out to be zero or some value
lower than 6.3, the secondaries of T1
and T2 are bucking and the primary
leads of T2 must be reversed. Connect
terminals 6 to 7 and measure the volt-
age between 4 and 9—this voltage
should be 8.8. If it is somewhat less
than 6.3, the secondaries of T2 and T3
are bucking and the primary leads of
T3 must be reversed.

If a single transformer with multiple
secondaries is used, polarizing must be
accomplished by manipulating the sec-
ondary leads, since there will be only
one primary winding.

Although a voltbox of this type is not
continuously variable, the output volt-
age steps are spaced closely enough to
compensate for the lack of smooth vari-
ation. The use of “free-point” binding
post terminals, rather than switching,
reduces the complexity of the device.
In most applications, one voltage will
be used continuously for some time
after its selection, so the use of jumpers
between terminals should introduce no
hardship.

Connect the voltbox to the 117-volt
a.c. line through a fuse of around 5
amps. This prevents blowing the main
fuses in the event of an overload or a
short circuit. END

\

“You and your short cuts!!”
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TEST INSTRUMENTS

New Test

tor

Capacitor

Leakage

Dynamic characteristic of
leakage resistance is
basis for in-circuit

capacitor checks

By ROBERT G. MIDDLETON?*

OR years, the radio and TV service
technician has dreamed of an in-
strument that could be applied di-
rectly to a fixed capacitor in a

receiver circuit to determine whether
or not the capacitor is leaky. The prob-
lem is illustrated in Fig. 1, which shows
a capacitor (paper, mica or ceramic)
shunted by cireuit resistance R.

This capacitor may be used for in-
terstage coupling or as a screen or
a.g.c. bypass for example. When it de-
velops sufficient leakage resistance
(Ruk), circuit operation deteriorates or
fails.

The problem is to find the presence
of Rux when shunted by R. A new dis-
covery, which is the basis of a pending
patent application, discloses that leak-
age resistance is in general a different
type of resistance from circuit resist-
ance and can be distinguished by a defi-
nite test. Leakage resistance differs
from ordinary circuit resistance in that
in some forms it is unstable and non-
linear when tested dynamically with a
pulse voltage.

These new concepts are not entirely
simple, and the graphs in Figs. 2, 3
and 4 will serve to make them more
understandable. The fixed capacitor
whose leakage resistance is now caus-
ing trouble in the receiver was good
when installed and the receiver oper-
ated satisfactorily. But after a period

*Chief field engineer, Simpson Electric Co.
R

[

l—l-“'\r—}
RLk
Fig. 1—Leakage resistance R.x affects
set operation and may be hard to detect.
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of service the initial high value of leak-
age resistance has gradually declined to
the point where it causes trouble. The
technician is concerned with this form
of leakage resistance that usually drops
during the life of the capacitor. This
is an important point. There are other
forms of leakage resistance such as
that of a brand-new poorly made ca-
pacitor having a poor dielectric. Such

E
5

Fig. 2—Circuit resistance («) is lin-
ear but leakage resistance (b) is not.

a capacitor has a low value of leakage
resistance that does not have the de-
clining characteristic that makes pos-
sible the in-circuit type of leakage test.

Fig. 2-a shows that circuit resistance
is linear. The current through it is pro-
portional to the applied voltage. But
Fig. 2-b shows that leakage resistance
may rise slightly at first and then fall
off rapidly to a very low value as the
applied voltage is inereased. Fig. 3
illustrates another common form of

WwWwWwW.americanradiohistorv.com

Front view of the
Simpson model 383.

leakage resistance. Curve A shows leak-
age currents when different test volt-
ages were applied to a .002-uf 600-volt
paper capacitor. This capacitor showed
infinite leakage resistance when checked
with an electric ohmmeter (v.t.v.m.)
but leakage currents indicate resistance
of 24 megohms at 100 volts and only
7.4 megohms at 200 volts. Curve B
shows the result of similar measure-
ments made on a .001-uzf 600-volt mica
capacitor that showed 2 megohms of
leakage resistance on the ohmmeter.
Incidentally, this characteristic is well
known to experienced service techni-
cians, and they do not rely on low-volt-
age ohmmeter tests.

Leakage resistance is often unstable,
fluctuating or drifting when voltage is
applied. Fig. 4 is the graph of measure-
ments made on a .005-uf 600-volt paper
capacitor. When the test voltages were
first applied, the leakage resistance was
low and then rose suddenly to a higher
and more stable value. Initial currents
rose to the high levels shown, then fell
to lower and more stable values.

By using these characteristics of
leakage resistance we can detect it by
applying a low voltage—1 volt or so—
across the capacitor and measuring the
current that flows and then increasing
the voltage and again measuring the
current. E/I will be the same in each
case if there is no leakage resistance
but it will differ if leakage resistance
is present. See Fig. 5. Unfortunately,
the heavy current flowing at 600 volts
will often burn out the ecircuit resist-
ance so other methods must be used.

The pulse test

Capacitors in pulse circuits fail soon-
er than those in sine-wave or d.c. serv-
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ice, so a pulsed voltage should be ideal
for such a test. Furthermore, a pulse
may have a peak voltage as high as
desired with a short duration. The
small amount of energy in the pulse
may be integrated for definite tests
without endangering circuit resistances.
By substituting a narrow pulse for the

] T
D02 /600v PAPER CAPACITOR /
60,
CURVV

< 50, '
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% 40 t /
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Fig. 3—Other forms of leakage resist-
ance.

battery in Fig. 5 we can briefly charge
capacitor C to 600 volts without caus-
ing sufficient current flow to overheat
resistor R across the capacitor under
test. If the pulse (dashed lines in Fig.
6) is generated by a very low imped-
ance source, the capacitor will be raised
instantaneously to the peak voltage of
the pulse, irrespective of the value of
R. Note that the average value of the
pulse, as generated, is zero. This means,
if t} » pulse is displayed on the screen
of a scope with a sawtooth sweep, that
the positive area of the pulse above the
zero-volt line will be exactly equal to
the negative area of the pulse below
that line. The meter is not deflected.
But, if leakage resistance R, is pres-
ent, circumstances are altered. The
nonlinear characteristic of Rix causes
partial rectification of the pulse volt-
age and its average value is no longer
zero. A d.c. microammeter in series with
the pulse circuit will be deflected. The
pulse voltage (solid lines in Fig. 6)
does not rise to its 600-volt peak be-
cause R.x decreases to a small value as
the pulse voltage rises above a certain
point. This nonlinear increase in cur-
rent through Rix is sufficient to deflect
the meter.

After pulsing, the value of Rix may
or may not return to its initial value.
When a d.c. voltage is connected in se-
ries with the microammeter (Fig. 7)
the value of current may change only
during pulsing (dynamic testing), but
it may in addition show a fixed change
as indicated by a continuing greater de-
flection of the meter pointer after the
pulse voltage is removed from the ca-
pacitor under test.

Sometimes the value of Rix increases
when the pulse voltage is applied and
remains at a higher value when the
pulse voltage is switched off, but in
most cases the change is to a lower
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value. This agrees with the earlier ob-
servation that ecapacitors which are
failing in service have declining values
of leakage resistance. But this is not
the complete picture.

In practice the application of a high-
voltage pulse sometimes serves to “burn
out’ the leakage resistance and to make
a good capacitor out of a bad one (Fig.
8). More often, however, the leakage
resistance is changed to a much lower
value or a dead short and the capaci-
tor is left in worse condition than be-
fore. A good capacitor is completely
unchanged by application of the test
pulse.

Some capacitors whose leakage re-
sistance has dropped to a low value—
to several megohms, for example—may
produce relatively small deflection of
the meter until a certain critical value
of pulse voltage is reached, such as 300,
400 or 600. Then the capacitor may
break down suddenly, accompanied by
a snapping sound from within and a
violent kicking of the meter pointer.
A capacitor that is not failing in serv-
ice, however, maintains its original
characteristic and does not break down
nor show a change in leakage current
when pulsed at rated working voltage.

There is not necessarily any close
correlation between the amount of de-
flection obtained on the meter for va-
rious values of Rux. Thus, a capacitor
having a relatively low value of leakage
resistance may produce a much larger
deflection on the meter than a capaci-
tor having a high value of leakage re-
sistance or vice versa. As a rough rule
of thumb it can be stated that there is
a tendency on the average for high
values of leakage resistance (100 or
1,000 megohms) to produce less point-
er deflection than low values of 100 or
100,000 ohms. Hence, it it desirable to
use a meter of reasonably high sensi-
tivity.

A 25-0-25-ua meter is satisfactory
for general service work. However,
more capacitors with high-resistance
leakage can be detected with a 0.5-0-0.5-
#a meter. The latter type costs more
and is more expensive to use because
auxiliary circuitry is required to pro-
tect it against current surges. In gen-
eral service work a b50-za zero-center
meter is suitable.

A zero-center meter is needed because
leakage resistance sometimes goes up
instead of down when the capacitor is
pulsed. The center line of the scale is
marked GooOD, with BAD sectors on either
side.

In operation, battery voltage E (see
Fig. 7) is adjusted so the flow of cur-
rent through the circuit brings the
pointer up from the ofF position (about
1 inch from center) to the reference
or GooD line. This permits the operator
to determine readily whether there is a
permanent change in effective circuit
resistance when the circuit is pulsed.
Then the pulse generator is started and
the meter observed for a second or two.
If the pointer moves down or up scale,
the capacitor has appreciable leakage
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resistance. The pulse voltage is then
switched off, and the meter is read
again to determine whether the effec-
tive circuit resistance has changed per-
manently. This dynamic test is more
definite than the static test.

In practice the simple functional dia-
gram in Fig. 7 is not sufficient. Passage
of the pulse through the meter pro-
duces only a momentary kick of the
needle, so a series of pulses must be in-
tegrated for normal observation. The
test current consists of both a.c. and
d.c. so two electrolytic capacitors are
connected back to back across the me-
ter to integrate the pulses of the d.c.
and produce a smooth normal meter de-
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Fig. 4—Drifting leakage resistance.
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Fig. 5—Varying voltage shows presence
and magnitude of leakage resistance.
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Fig. 6—Leakage resistance affects the
pulse shape and peak output voltage.
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Fig. 7—Pulse voltage provides the dy-
namic test for leakage in capacitors.
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TEST INSTRUMENTS

flection. The capacitor values are de-
termined by the internal resistance of
the meter. The 2,000-4f values are suit-
able for a standard 25-0-25-ga me-
ter.

After the pulse is switched off, the
meter bypasses and integrators must
also be switched out of the circuit. If
the meter has been deflected to the end
of the scale, considerable time will be
required for the pointer to return to the
reference position. Accordingly, the
switching system of the instrument
must open the meter circuit and also
short-circuit and discharge the large
electrolytic capacitors in preparation
for the next test.

A practical instrument

The new Simpson model 383 In-Cir-
cuit Capacitor Leakage Tester uses this
principle for checking leakage in ca-
pacitors. Its circuit is shown in Fig. 9.

It will be apparent that the varying
conditions of test are such that a useful
instrument must provide a very-low-
impedance pulse. A cathode circuit, for
example, has a very low effective re-
sistance and cannot be raised to peak
pulse voltage unless the internal im-
pedance of the pulse generator is quite
low. Hence, a 2050 thyratron pulse

generator is utilized. The repetition
7
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Fig. 8—Pulse voltage may break down
leaky capacitors or cure the trouble.

400 500

rate of the pulser is fast enough to
provide satisfactory integration at 600
volts.

The rise time of the test pulse is
also a very important consideration.
Although the internal impedance of the
pulse generator may be low, the rise
time must be fast since a capacitive
storage source is used in the generator.
It also is desirable because leakage re-
sistance is more unstable in the pres-
ence of fast rise. The Simpson model
383 provides a rise time of 1 usec.

The reader will see that, since the
tester operates upon the basis of un-
stable resistance characteristics, that
the instrument might serve likewise to
locate noisy resistors in receiver cir-
cuits. It can. When the test leads are
applied across a noisy resistor and the
pulse voltage is applied, the pointer
responds by moving off into the BAD
sector. Thus a BAD indication may be
the result of either a bad resistor or a
bad capacitor in the circuit. But in most

practical situations the capacitor is
faulty.
Since radio and television -circuits

have many branches, the question might
arise as to whether the operator can
know exactly which capacitor is really
being tested when a BAD indication is
observed. The answer to this is that
even a small value of resistance be-
tween the point of pulse application and
the capacitor under test reduces the
pulse voltage to such a small value that
a test is not obtained. This is a conse-
quence of the fast rise of the test pulse.
Hence, few situations are encountered
in practice wherein the operator is not
certain which capacitor in the circuit
chain is the bad one.

The energy contained in the test
pulse, while small, is not entirely neg-
ligible in all cases and certain minimum
precautions must be taken in its use.
In the first place it gives the operator
an uncomfortable shock if contacted.
HANDS OFF is the rule while the pulse
voltage is on. Also, the pulse has suffi-
cient energy to damage video detector
crystals and to burn out 1.5-volt tube
filaments. Hence, you must not apply
pulse voltage across crystals and you
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Fig. 9—Circuit of the Simpson 383 In-Circuit Capacitor Leakage Tester.
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must remove the tubes from battery
portable sets before testing the fila-
ment bypass capacitors.

There are some limitations in the
practical application of the instrument.
For example, when the capacitor under
test is shunted by a coil, the effective
circuit resistance becomes so low that
the microammeter cannot satisfactor-
ily monitor changes. The 383 cannot be
used satisfactorily in this application.
"However, the instrument -is useful in
checking leakage resistance in other
circuits where the value of the leakage
resistance is several hundred times
greater than the value of the shunting
circuit resistance.

The receiver must, of course, be
turned off when testing capacitors, as
d.c. voltage from the receiver can back
up into the microammeter and burn it
out. It is also advisable to avoid dam-
age to the thyratron by giving it a few
seconds to warm up before the pulse
generator is switched on. Likewise, the
instrument should be used at line volt-
ages of approximately 117 to obtain
normal life expectancy from the thyra-
tron. Do not operate the instrument
continuously across a dead short eircuit.
This damages the cathode coating and
the thyratron.

The oFF position of the switch opens
the primary circuit of the power trans-
former and the battery circuit to the
meter. In the second position (ADJUST
METER), the battery circuit is completed
so that the meter can be set with the
500-ohm potentiometer; plate power is
applied to the thyratron, but the grid
circuit is biased off and the tube does
not fire. The meter bypass capacitors
are shorted.

In the third (TEST) position of the
switch, the bias on the thyratron is re-
duced to a value previously set by ad-
justment of the 5,000-ohm potentiome-
ter and pulses are generated across the
600-ohm load. The integrating capaci-
tors are connected across the meter.
According to the setting of the thyra-
tron bias control, indicated on the scale
plate, the operator can adjust the peak
voltage of the pulse from approximate-
Iy 15 to 900.

If one side of the capacitor under test
should be connected to the chassis of the
receiver, full pulse voltage is applied
by connecting the Low terminal to the
receiver chassis. In most cases, neither
side of the capacitor under test is con-
nected to the receiver chassis so the test
leads are applied across the capacitor
without regard to which side is LOW or
HIGH.

The operator who uses the model 383
for the first time will be surprised at
the number of leaky capacitors present
in older receivers, which nevertheless
are not causing trouble because they
are operating in noncritical circuits or
because their leakage resistance has not
yet fallen to a value which impairs cir-
cuit operation noticeably. It is not the
purpose of this article to assert wheth-
er such leaky capacitors should be re-
placed. END

RADIO-ELECTRONICS


www.americanradiohistory.com

High-gain unit
permits measuring

signal directiy from

Closeup shows com-
ponents in

television tuner

Transistor

Demodulator

Probe

By HOMER L. DAVIDSON

HE transistor demodulator probe

(see photos) was designed and con-

structed so greater amplification

could be obtained when shooting
video trouble in television receivers.
Most oscilloscopes do not have enough
vertical amplification to display the
video signal properly as it appears at
the tuner. Generally the signal is am-
plified enough in the first and second
video i.f. stages but this does not al-
ways indicate the source of trouble. So
from this small want a transistor was
chosen for an amplifying stage and
placed in a probe type tester.

There are not too many components
in this small unit. The input section
(see diagram) consists of a 1N34 crys-
tal detector stage with associated re-
sistor and capacitor. Perhaps it would
have been best for the demodulator or
crystal unit to have been constructed
in a metal instead of plastic container
but results were gratifying and no 60-
cycle or stray signals were picked up by
the probe. From the detector the signal
is coupled to the CK722 transistor am-
plifier. The bias return resistor is 220,-
000 ohms, obtained by placing a 500,000-
ohm variable resistance in the circuit
and varying it for best results. The
10.000-ohm output resistor was ob-
tained in the same fashion. When doing
this, place a 0—-10-ma meter in the out-
put circuit and do not permit the CK722
transistor to draw more than 5 ma.

It is best to construct the transistor
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probe.

in a breadboard
style first before final assembly. By do-
ing this the unit can be hooked to a
working television receiver and oscil-
loscope. With the probe in operation it
is very easy to vary both the bias and

demodulator probe

load resistor for best results. It was
found that a lot of noise was amplified
when the resistors were varied for
greatest amplification. So a happy me-
dium was set where two variable re-
sistors permitted high amplification
and low grass or noise as seen on an
oscilloscope.

After best results were obtained all
the leads and components were mounted
closer together. The components were
laid in a line and soldered so that they
didn’t occupy more than 10 inches.

k2
N3 emn 25 ognt

f' + \

100t —a 1K 220K

PROSE

INPUT

Py

D10 TO SC0PE
S

Parts for demodulator probe

|—1,000-ohm resistor, !/, watt; (—10,000-ohm re-
sistor, /3 watt; 1—220,000-ohm resistor, '/, watt;
2—100-uuf capacitors, postage type: 1—10-uf
capacitor, 25 volts, electrolytic (small as possible)};
|1—IN34 detector; 1—CK722 transistor; 1—s.p.s.t.

slide switch; |—22.5-volt battery, less than {-inch
diameter; 1—2 feet of microphone cable; 1—alli-
gator clip; {—l-inch diameter plastic container, 10
inches tong; |—bottle cap for probe tip (see text);

1—6-32 bolt, | inch long, and nut.
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Troubleshooting with transistor probe.

They were mounted so that at any one
point aleng the assembly they could
easily be pushed into the 1-inch plastic
tubing.

The tip of the demodulator probe
was the cap of a nose-drop bottle. A
small hole was drilled through it so
that a 1-inch 6-32 bolt and nut could
enter. The small bolt was ground to a
sharp point at one end.

Solder the 100-uuf capacitor to the
bolt before the parts are placed in the
container. After the components are in-
serted, place the cap in the plastic end
and glue it into place. The small 6-32
nut screwed on the outside of the cap
forms a sturdy tip probe.

A small battery is at the rear of the
demodulator probe. On the positive side
of the battery a s.p.s.t. slide switch is
soldered directly to it and a small slot
is cut into the tubing so the switch
could be fitted. The shielded mike cable
is then soldered into place and two
small lugs are soldered to the other
ends.

Comparison tests were made with a
commercial type demodulator probe and
the small transistor demodulator. The
amplification obtained was about 10
times greater than that of the commer-
cial probe. This was plenty of amplifi-
cation to measure the signal directly
from the television tuner. Passing
through each stage, the oscilloscope
gain should be kept in its lowest posi-
tion. END
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TRANSISTOR PERFORMANCE

EST methods and specifications

are necessary for proper evalua-

tion of transistors because they are

temperature-sensitive devices (see
Practical Transistor Tests, July, 1955)
whose characteristics and parameters
vary over wide ranges. Consequently,
the operating point of a transistor will
vary unless it is “stabilized.”

Vacuum tubes operate with constant
plate and grid voltages, while transis-
tors operate with constant collector
voltage and constant base current. And,
like a tube, a transistor operates along
a load line. The slope of the collector
load line is 1/R.. The operating point
of a transistor can be established either
with fixed or self bias. For fixed bias
(fixed base-current bias) operation, re-
sistor Rr is connected between the sup-
ply voltage and base electrode (Fig.
1). This resistor should be large enough
so it will supply a constant current to
the base.

Fig. 1—Circuit operates on fixed bias.

When the operating point is deter-
mined by self bias, resistor Rg is con-
nected between collector and base
electrodes (Fig. 2). The base biasing
current is determined by Ohm’s law.

!

= Eec
-+

Lo

Fig. 2—Circuit for self-bias operation.

That is, base current 1, is determined
by collector operating voltage Ec and
R:s. If Ec is 10 volts and Rs is 400,000
ohms, the base current is Iy = Ec¢/Rs =
10/400,000 = 25 microamperes.

The collector load line (d.c. load line)
is determined by the values of collector
supply voltage Ecc and R. (Fig. 3).
The bias line is included since the base
current is known (from the Ohm’s law
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Analyzing characteristics;
the tetrode transistor and

high-frequency qperation

By EDWARD D. PADGETT

example) for various values of Eo and
Rs. The d.c. operating point is given by

3
o SLOPE OF LOAD LINE IS ;—
L

AL
: OPERATING POINT

1 1p=50pA
o
URI -

WA 25pA

10pA

BIAS LINE-SEE TEXT

COLLECTOR VOLTAGE Eee
Fig. 3—Typical collector load line.

the intersection of the biasing and col-
lector load lines.

Since transistor characteristies vary
with temperature, a shift in the IcE¢
curves occurs; that is, the spacing be-
tween curves changes with tempera-
ture. We know that transistor param-
eters such as current gain and output
impedance vary with temperature
(also, transistor parameters vary be-
cause of small changes in physical con-
ditions occurring during the manufac-
turing process). This means that the
transistor operating point shifts when
the spacing between Ic—Ec¢ curves
changes.

All the above deviations contribute to
variations in collector current and volt-
age from unit to unit of a given tran-
sistor type. This can lead to a serious
situation unless design practices are
good. For example, suppose that a de-
fective collector load resistor decreases
in value. If this happens, the collector
current can increase beyond the rated
value. The excessive dissipation would
ruin a transistor (even though the col-
lector voltage is well within safe lim-
its). Similar damage could occur if the
leakage currents (I.. or Icw) increased
beyond safe limits because a customer
left his transistor radio in the hot sun
at the beach (and this will happen, sure
as shooting!!).

Consequently, adequate methods for
stabilizing the operating point must be
used if transistors are to be regarded
as reliable electronie devices. Fortu-
nately, several methods of stabilization
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are available, and are simple to apply.

Stabilization is obtainable in several
ways: with current feedback, combina-
tions of current feedback and fixed bias
or current and voltage feedback. Com-
bination current and voltage feedback

I'ig. 4—Stabilization with a combina-
tion of current and voltage feedback.

is shown in Fig. 4. Current feedback
is obtained from emitter resistor R3
and resistor R2 connected between base
and ground. Resistor R2 provides re-
verse base bias; R1, between collector
and base electrodes, supplies voltage
feedback. Self-biasing resistor R1 (like
Rs in Fig. 2) supplies forward base bias
to establish the operating point.

R. F. Shea’ has established a mathe-

4=
R ‘: F =t
S SNV i
OUTPUT =

NP

Fig. 5—Circuit for determining sta-
bilization of transistor amplifiers.

matical criterion for stabilization of
transistor amplifiers. Fig. 5 shows an
R-C-coupled amplifier. It will be stabil-

1_!_RS L R3
) . Al R1 " R2
ized if S, Zm‘ 1 R3 R3
1+6 TR TR2
where B is the current gain of a

grounded-emitter stage; S: is an ex-
pression of the ratio of changes in col-
lector current Alc and leakage current
Algo. The numerical value of S; should
be small (in general, values from about
1 to 7 give satisfactory stabilization).

1R. F. Shea, Principles of Transistor Circuits,
p. 103, Wiley & Sons, 1953.
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Additional stability is obtained by de-
rating the transistor (collector current
and voltage reduced below rated val-
ues) and reducing the I’R losses in the
TEXAS INSTRUMENTS 904-A SILICON JUNCTION TRANSISTORS
225900

Fig. 6—Stabilized transistor amplifier.
stabilizing resistors.

To look at stabilization from a praec-
tical viewpoint, consider the following
circuits: Fig. 6 shows a stabilized am-
plifier using hermetically sealed silicon
junction transistors. In the first stage
resistors R3 and R2 provide current
feedback, while the parallel resistance
of R1 and R2 controls the amount of
stabilization. The ratio of R1 and R2
determines the operating bias.

A similar situation exists for the sec-
ond stage: R6 and R5 supply current
feedback, the parallel value of R4 and
Rb5 controls the amount of stabilization,
the ratio of R4 and R5 determines the
bias. Also, the S; factor is small, and
the supply voltage has been derated
25%.

The performance of this amplifier is
better than many vacuum-tube ampli-
fiers in several respects. The frequency
response of a stabilized silicon junc-
tion amplifier, for two different ambient
temperature conditions, is shown in
Fig. 7. Fig. 8 shows an unstabilized
amplifier for comparison with the sta-
bilized unit. It is an R-C-coupled am-
plifier operating with fixed bias, with
some degeneration present because of
the resistors in the emitter circuits. The
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Courtesy Germanium
Products Corp.

Internal construc-
tion of the RDX-
300-A (3N23-C)
germanium tetrode
transistor.

performance of this amplifier is unsat-
isfactory and unpredictable since it is
unstabilized.

It is interesting to note that hermeti-
cally sealed type 904-A silicon junction
transistors (Texas Instruments) show
an increase in gain at higher tempera-
tures (even when a high percentage of
humidity is present) as shown in Fig. 7.

The low-frequency response of an
R-C-coupled amplifier depends on the
values of coupling capacitor, coupling
resistors and the load resistor (Fig. 9).

40,

ya

- 7
/// 86°C [25°¢ L
30) — ||

GAIN-DB l / | !

20 / .

ob—Ll
200 50 100 500 IKC 5 10 20
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Fig. 7—Response of stahbilized ampli-
fier using silicon junction transistors.

TEXAS INSTRUMENTS 304-A SILICON JUNCTION TRANSISTORS
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Fig. 8—Unstabilized amplifier circuit.
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Fig. 9—R-C-coupled amplifier stage.
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The coupling resistors reduce current
amplification at lower frequencies be-
cause the input (base) resistance of
most junction transistors (stage two)
is small. Also, the impedance of the
coupling capacitor is much greater than
the input resistance of this stage at
lower frequencies. For a bird’s-eye
view of this, assume coupling resistor
R1 equals load resistor Rn. The fre-
quency at which the response is 3 db
down from the mid-frequency value is
1(R, + Ru)" .
(27C) (R, + R,) L Cs
1 4f and R1 = R = 10,000 ohms, the
response is down 3 db at approximately
33 cycles.

Low-frequency transistor circuits are
reliable and practical. In designing low-
frequency amplifiers, it is convenient to
have available some general “rules of
thumb” to use a check. The con-
ductance (and current gain) of the
first stage should be large; this requires
the use of a grounded-emitter stage.
Sometimes a grounded collector (emit-
ter follower, analogous to a cathode
follower) is used as the first stage, es-
pecially if the generator (source) im-
pedance is large. The grounded emitter
is usually used for intermediate stages
because the current amplification should
be as large as possible.

The final stages require the use of
power transistors or stages designed
for maximum power gain. Single-ended
or push-pull grounded-emitter power
stages are used here. Sometimes the
grounded-base configuration is used if
the load impedance is large. Low-pow-
ered, hermetically sealed, germanium
transistors suitable for this are the
2N34, 2N43A and 2N38. Suitable sili-
con transistors are the hermetically
sealed 900 series of Texas Instruments.
A satisfactory hermetically sealed ger-
manium power transistor is the Minne-
apolis-Honeywell 2N57. A satisfactory
hermetically sealed silicon power unit
is the Texas Instrument type X-15.

The high-frequency response of tran-
sistor circuits is complex—it depends
on solid-state parameters, collector-
junction capacitance (area), phase
shift and other variables. Consequent-
ly, high-frequency circuits are difficult
to design and give less reliable perform-
ance. The high-frequency response of
a transistor is described on most data
sheets by the phrases ‘“alpha cutoff
frequency” or “beta cutoff frequency.”
This language describes when the high-
frequency response is 3 db down from
the mid-frequeney value. For conven-
tional low-powered junction transistors
this point is somewhere between 1 and
9 me.

The tetrode transistor

One of the most promising devices
for obtaining improved high-frequency
operation is the tetrode transistor. The
RDX-300-A (8N23-C) germanium tet-
rode, made commereially by Germanium
Products Corp., Jersey City, N. J., is
a hermetically sealed, n-p-n, grown-
junetion transistor with four electrodes.
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A tetrode has an emitter electrode, a
collector electrode and two base elec-
trodes. The emitter and collector are
n type material. Bases 1 and 2 (Fig.
10) are connected to opposite sides of
a thin p type layer of germanium. The
internal design of this tetrode is shown
in the photograph.

There are several reasons for the
improved high-frequency response of
the n-p-n tetrode. This type design
decreases the area of the collector junc-
tion, the use of thin layers of p type
material increases the high-frequency
range, reduction of the base resistance
improves the high-frequency response.

In general, the operation of the tet-
rode transistor is as follows. Base 2
usually is used as the biasing electrode.
Base 1 can be used in two ways. It
can be the input electrode for grounded-
emitter operation (Fig. 10). Or, if
emitter input is used, base 1 is grounded
(Fig. 11). When a satisfactory bias
is applied to base 2, it confines the
current flow to the neighborhood of
base 1. This action reduces the intrinsic
base resistance by an appreciable
amount, increasing the upper-frequency
response of the tetrode. Fundamentally,
a tetrode is a “twin-based triode.”

Selected RDX-300-A tetrodes have
been used as sine-wave oscillators at
frequencies near 100 mec. Also, they
have been used as tuned amplifiers at
frequencies near 50 mec. No doubt tet-

B2E B C

REVERSE BATT TERMINALS:
l TO REVERSE CURRENT

= 4.5V

I+

for measuring
characteristics.

Fig. 12—Circuit used
tetrode transistor d.c.

50

rodes will be used in future television
sets as i.f. amplifiers.

The d.c. leakage currents I... and
Icoo (emitter open and leakage meas-
ured from collector to base 1 and then
from collector to base 2) of a tetrode
must be less than 10 pa each, at room
temperature, with 4.5 volts on the
collector. In I., leakage current (cur-
rent between collector and emitter with
bases open-circuited) should be less
than 150 pa with 4.5 volts on the
collector. These leakage currents are
uncomfortably high in presently avail-
able tetrodes.

A circuit for the measurement of
the d.c. characteristics of tetrodes is
shown in Fig. 12. Although this cir-
cuit can be used to obtain the usual
collector current vs. voltage character-
istics, it can also be used to obtain
other valuable data such as collector
current vs. base 2 bias current (for a
constant emitter current—1 ma—and
collector voltage, 4.5). Such character-
istics are similar in shape to series
resonance curves (when circuit resist-
ance is large) or somewhat similar in
shape to the curve in Fig. 14.

The small-signal current gain g8 of
a tetrode may be obtained with the
circuit of Fig. 13. In this case the tet-
rode is operated with E. at 4.5 volts,
I. is set at —2 ma and an input fre-
quency of 1 ke is used. Beta is read
directly from the v.t.v.m. and is derived
as follows:

E2

Cdie 107 (10°) (E2)

P~ EL™ (10) (E1)
10°

(10) (E2) — 10,000 E2

since E1 was set at unity. For example,
if the v.t.v.m. reads .004 volt, beta is
40.

Fig. 14 is interesting because it
shows the variation in beta as the base
2 bias current is varied. The best r.f.
performance is obtained when base 2
bias current is negative.

An experimental tuned high-fre-
quency tetrode amplifier is shown in
Fig. 15. The input signal (approx-
imately 1 to 10 #a over the 2- to 50-mc

BALLANTINE 300 ¥TVM

L)

1 H-L0W RES TOROID

+%4.5v ]f:—n\

REVERSE TERMINALS TO REVERSE CURRENT
Fig. 13—Circuit diagram for measuring

small-signal current gain tetrodes.
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range, depending on circuit and tran-
sistor parameters) is applied to base 1.

40

TN

20]

CURRENT
GAIN

| ) -0 5 ]

BASE 2 CURRENT *Tgp - MA
Fig. 14—Beta vs. base 2 current.
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Fig. 15—Circuit of experimental tuned
high-frequency tetrode amplifier.
Performance will be improved if the
resistor at A—A in base 1 can be re-
placed with a coil of about 10 turns
of No. 20 wire wound on a ferrite
torroidal or bar core (obtainable from
General Ceramic and Steatite Corp.).
The potentiometers in the base 2
and emitter leads establish a suitable
bias (emitter current adjusted from
1 to 2 ma). Base 2 and emitter are
bypassed to ground. The collector lead
is attached to a tap near the center
of output coil L. Experiment a little
to find the best point. This coil consists
of from about 8 to 10 turns (a few
more at lower frequencies) of No. 20
wire wound on another miniature fer-
rite core (core diameter less than %
inch). The tuning capacitor in the
output circuit is adjusted for maximum
output signal taken from the collector
through a 0.1-gf capacitor. Collector

current 1. should not exceed 5 ma.
The configuration of Fig. 15 can be
used as the basic circuit for interesting
high-frequency experiments which will
lead to the formulation of good design
practices for u.h.f. transistor amplifier
and oscillator circuits. Power gains of
from 15 to 17 db at 5 mc and 8 to 10
db at 25 mc have been obtained from
tetrode transistor amplifiers. END
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ONVERGENCE..

not 1mpossible
but difficult

By HAROLD DAVIS

Part I—Rainbows in black-and-
white pictures; author suspects

convergence trouble

ONDAY, 8:30 am—One of my
out-of-town dealers called. He
had just received the first 21-
inch color set to be shipped
into this area.

“Come over, and let’s play with it,”
he invited.

“Play!” The word was to take on
new significance.

11:05 am—Harry and I pulled up
in front of the store after a 40-mile
drive. On the way over I had rehashed
all I had read and heard in a two-day
color school. I was pretty sure I could
get it going.

When we arrived on the scene, the
dealer already had the set unpacked.
At a casual glance it looked like a
regular 21-inch black-and-white set,
except that the round tube with the
masked top and bottom seemed to date
it back a few years.

“Have you tried it?” I asked.

“We had it on a few minutes. It
gets pictures, but everyone has a rain-
bow around his shoulders.”

I reached down and snapped the on-—
off switch on the volume control. The
set came on normally and, as the dealer
had said, got pictures but with rain-
bows around the images.

I dropped the lid on the control box.
It contained only two new controls, one
marked HUE and the other COLOR. Turn-
ing these made little difference.

I opened the service manual I had
brought along and read the instruc-
tions for black-and-white reception.
The only variation from a regular set
was that coLor should be off.

I turned COLOR off, but the figures
still had rainbows.

Going through the service manual
carefully, I could find no mention of
anything that had to do with color in
black-and-white pictures. I decided that
since the set was getting pictures, the
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tuner, i.f.’s, video and sound were O.K.
That left the trouble somewhere in the
color section. I reasoned that perhaps
I could kill the color section by pulling
out a tube or two and localizing the
trouble.

11:35 am—Harry brought in the tool
box and we started taking screws
out of a metal back. When we got it
loose, there was a noise like a spring
flying out of an alarm clock. Harry was
halfway to the door before I could tell
him it was only some kind of safety
switch held down by the back and
which flew up when released. Non-
chalantly, I worked the lever up and
down with my hand.

Harry brought the “cheater” and I
plugged it in. In a few seconds I heard
a “Pfftt.” The tube didn’t light.

Back to the instruction manual and
I found that the lever wasn’t a switch,
but a shorting bar that grounded the
high voltage. The same job I had been
doing with a screwdriver for years.

Harry reluctantly agreed to hold the
lever down while I tried it a second
time. Still no light on the picture tube.
I was sure I had blown a high-voltage
rectifier, which I was just as sure 1
couldn’t obtain anywhere nearby.

I started looking for a way to get
into the high-voltage compartment and
was surprised to find no screws—just
one small latch and the lid was re-
leased. However, there was another
alarm-clock spring noise. This turned
out to be a second shorting bar, put
there, I suppose, further to discourage
the careless from committing suicide.

Before I could start changing tubes,
I discovered a blown fuse. It is in the
high-voltage line, and blows if the
shorting bar or bars are not held open
when turned on. This is on page 17 of
the instruction manual, I found out
later.
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I replaced the 0.45-amp fuse with a
0.5-amp unit and closed the lid on the
lethal chamber. I then propped the
outside shorting bar open with a piece
of 2 x 4 about 3 feet long.

12:15 pm—The set came on. I turned
it off and examined the tube location
chart to see which tube to pull. It had
more 6ANS8’s than my distributor car-
ries in stock, so I decided on one of
these.

I pulled one and turned the set back
on. Still pictures with rainbows.

I pulled another and another without
any effect on picture or rainbows.
Harry started pacing the floor and I
knew he was getting hungry.

“Go get yourself a bite to eat,” I
suggested, “while I read this instrue-
tion manual. There is bound to be
something in here that tells how to get
rid of rainbows.”

1:00 pm—Harry returned, with a
“what now?” expression on his face.

“I have decided that the trouble is
either purity or convergence adjust-
ments.” I tried to say the two new
words smoothly.

“Well,” Harry shrugged his shoul-
ders, “it could be either or both and
I wouldn’t know — I don’t even know
what you’re talking about.”

I decided we couldn’t do anything
about convergence without a dot gen-
erator, but we could check purity. I
loosened four bolts that held the top of
the cabinet and lifted this piece neatly
off —to the amazement of the employes.

A ring around the bell of the picture
tube held six round magnets described
as MAGNETIC FIELD EQUALIZING ASSEM-
BLY. I set all these the maximum dis-
tance away from the tube as instructed.
I set the contrast fully off and the
brightness fully on. I started looking
for the screen controls. Back in an-
other place in the manual I read how

51


www.americanradiohistory.com

TELEVISION

to take the control panel out and pull
up a wooden wedge beneath it.

The control panel came out, but the
wedge was wedged. I dared not use a
screwdriver on this $1,000 piece of
merchandise and, after all the strong-
fingered guys in the place had failed
to unwedge, I discovered a new trick of
bumping the removable piece with the
palm of my thumb. A few bumps on
each side and it came up and out.

I found the control for RED SCREEN
wrapped around Acc and turned it full
on. The GREEN was wrapped around
the BLUE, and I turned them completely
off.

Going to the back of the set, I located
the PUrITY adjustment, a thing that
looks like a positioning ring on a black-
and-white set. I found it also just as
aggravating to adjust. I turned the
set on and had a pink screen with some
blue and greenish shadows around the
edge. By turning the purity ring I
could vary these shadows more or less.
I also adjusted the two tabs as with a
centering ring. Playing with these a
while to see their effect, I set them for
the purest pink I could get. I then slid
the yoke back and forth as instructed
and left this at best setting. The indi-
vidual magnets around the bell were
manipulated out, in and turned to elim-
inate the fringes of blue—green color.

1:45 pm—I Dbacked off and seru-
tinized the sereen. I was fully satisfied
that the purity was pure.

I brought up the GREEN SCREEN con-
trol and the screen took on a yellowish
look. Bringing up the blue turned it
into a dirty white. I balanced the
three screens to get the whitest pos-
sible screen. A little color crept in
around the edges which I balanced out
with the field magnets.

As per instructions I turned up the
contrast and tuned in a picture. I
couldn’t help but notice it still had
rainbows.

I adjusted BLUE VIDEO GAIN and GREEN
vIDEO GAIN. I still had rainbows.

As per instructions, I turned the
brightness down low and adjusted BLUE
BACKGROUND and GREEN BACKGROUND
until the background seemed neutral.
I still had rainbows.

Now, I'm not a ‘“diddler,” but I must
be distantly related to one. I decided
to risk one little turn on the conver-
gence magnets I found installed on a
ring wrapped around the picture-tube
neck behind the yoke. The only effect
I could see was that it possibly changed
the color of the rainbows.

3:30 pm—Pinky Lee came on and
would have been delighted with my new
version of his checkered coat.

Harry started gathering up the tools
and discovered we hadn’t put the
6ANS8’s back. We installed them, but
still had rainbows.

I looked at the convergence chassis
hung on the side near the top of the
cabinet and Harry read my mind.

“Why don’t you turn one of those
and see what happens?”’

Without this suggestion I might not

52

have, but I did it boldly and bravely.

I turned RED HORIZ AMPL. Nothing
happened.

I turned RED VERT AMPL. Nothing
happened.

I turned RED VERT TILT. Nothing
happened. :

I pulled out the RED connecting plug.
I pulled out the GREEN. I pulled out the
BLUE. Nothing happened.

I pulled the entire master plug to the
convergence chassis. Nothing happened.
We still had rainbows, and now there
was one around Pinky’s nose.

4:15 pm—I started thinking about
my good black-and-white customers. To
heck with color!

10:30 pm—I staggered homeward
after having caught only half of my
regular calls.

Tuesday—I1 spent the day catching
up on regular work, but took time out
to call on one of the local TV stations
and borrow a dot generator and a color
bar producer.

Wednesday, 11:00 am—Harry and
I unloaded the color equipment and my
tools and I began my first color con-
vergence setup.

I hooked up the dot generator as best
I could without instructions, which I
hadn’t picked up with the instruments.
The instructions in the service manual
said something about connections to the
video—with a note that oscillators that
produced r.f. should be connected to the
antenna. This I did and tuned the ma-
chine to channel 6. I turned the channel
selector to the same number and ad-
justed the fine tuning. By adjusting
the contrast and tuning the generator
I finally produced some dots but they
were walking both ways.

“80,” 1 said to myself, “no color
syne.”

I hooked up the color bar generator
and turned everything on it. I managed
to get some bars but they all looked
alike. Breaking out my color book, I
found a pattern that looked similar.
The caption said it was a color bar pat-

tern with the color section of the set
inoperative.

I decided to call the engineer at the
TV station, who had had some experi-
ence with 15-inch color sets.

12:30—1I finally got him on the phone
and told him of my predicament.

“What channel are you on?” he
asked.

I yelled to Harry to see what channel
the set was on.

“Channel 6.”

“Channel 6,” I repeated.

“Well,” the engineer answered sym-
pathetically, “The bar generator is
crystal-controlled on channel 3.”

“Well, that will probably take care
of that, but what about the dot genera-
tor having no synec?” I asked.

“You know you have to supply sync
to the dot generator.” He phrased the
sentence, it seemed, to give me a chance
to cover my stupidity.

“No,” I answered frankly, “I didn’t.”

“Yes,” he continued, “take a piece of
wire and run it from H SYNC on the
generator to the yoke. Just wrap it
around the yoke leads. Do the same for
the vertical if you need 1t.”

I thanked him and hung up.

The color bar machine was still
hooked up, so I changed the channel se-
lector to 3 and after manipulating the
fine tuning carefully was able to pro-
duce a set of bars exactly like those de-
seribed in the color book as “normal.”

I then hooked up the dot generator as
instructed and, sure enough, the dots
were stable as a rock.

The dot generator had controls
marked vV BARS, H BARS, DOTS and CROSS-
HAaTCH. I tried them all out to see the
effect. On vV BARS there was another con-
trol that increased and decreased the
number of vertical bars on the screen.
The same for H BArRS. When the control
was set for DOTS or CROSSHATCH, the
size of the dots and crosshatch could be
regulated by increasing and decreasing
the number of vertical and horizontal
bars. I remember reading somewhere
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that the small dots were better for con-
vergence setups.

I readjusted the dots and observed
the pattern. A few dots were white,
but most had some color showing
around the edges. The dots on the edges
of the tubes were much out, showing
little rectangles of red, blue and green.
I couldn’t help but notice that instead
of getting dots, I got squares.

1:00 pm—I1 drank a Coke while re-
viewing the instructions. A note at the
beginning said to check the high volt-
age and adjust it to 25,000 before be-
ginning convergence.

I didn’t have a high-voltage probe,
so that let that out.

It also said to remove the high-volt-
age fuse and connect a 500-ma meter
in its place to adjust the horizontal
drive.

Having never been a switchboard
electrician, I didn’t have that either.

1 knew the horizontal drive needed
adjusting because the screen had that
tell-tale white vertical line associated
with many black-and-white sets when
the horizontal drive is excessive.

I had to turn to the chassis layout to
find the horizontal drive adjustment.
It was just ahead of the high-voltage
compartment, and I didn’t cherish the
thought of playing around so near
25,000 volts. However, I found that the
control could be turned with a long

plastic screwdriver like that used to |

adjust oscillator slugs. I backed off on
it a bit and the line disappeared.

The set was still in good focus, so I
reasoned the high voltage hadn’t
changed since it was originally set up.

1:30 pm—Convergence was now about
to start.

I turned the red, green and blue
HORIZ and VERT AMPL controls fully
counterclockwise. These comprised half
the controls on the convergence box.
The others were marked TILT and

PHASE. I set the VERT TILT to mid-range | ) ) {
| matrix. The discussion thus far has been

as instructed.

At this point the dots should have
been displaced, but they were not like
the diagram.

As per instructions, I attempted to
converge the center dot using the
knurled knobs on the convergence mag-
nets. This wasn’t too difficult. I now
had a few white dots in the center be-
coming farther displaced as they neared
the edges.

Turning the dot generator to STAND-
BY, I went through the purity, sereen,
video gain and background adjustments
a second time.

2:30 pm—1I was anxious to get to the
dynamic convergence.

I rechecked the white dots in the cen-
ter of the screen and following instrue-
tions I turned RED VERT aMmPL full clock-
wise. As I did, I looked for movement
of the red dot, but there was little.
Other controls likewise had little effect.
I pulled out the plug to the convergence
box. It had little effect. The box just
wasn’t operating.

4 :30 pm—My poor customers!

TO BE CONTINUED
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By ROBERT G. MIDDLETON

More

on
the

Matrix operation with balanced
and unbalanced color signal;
the color intensity control

N “How a Matrix Works” (August,
1955) we saw how a simple matrix
works—one which largely uses the
color TV picture tube itself as the

color signals. However, balanced color
signals are not transmitted. They are
obtained at the receiver by adjusting
the color detectors so that the B — Y
detector develops more output voltage
than the R — Y detector. This adjust-
ment 1s made with the color balance
control, a service adjustment.

Before we consider the adjustment
of the color balance control in detail,
let us very briefly review the operation
of a matrix. Fig. 1 shows a simple
matrix arrangement illustrating the
important points with which we are
concerned:

1. The Y signal is applied to all three
cathodes. When the cathodes only
are energized, a black-and-white
picture appears.

2. The output from the R — Y detector
is applied to the red grid. When the
red grid is energized, a red hue
appears.

3. The output from the B — Y detector
is applied to the blue grid. When
the blue grid is energized, a blue
hue appears.

www.americanradiohistorv.com

4. Green (not transmitted as such) is
obtained at the receiver by com-
pounding R—-Y and B— Y in
the green matrix. The output from
the green matrix is applied to the
green grid. When the green grid
is energized, a green hue appears.
Why is it that we see a black-and-
white picture when the cathodes of the
color picture tube are energized by the
Y signal? It is because white (or
grays) consists of red + green + blue

COLOR PIX TUBE

1 i cRENGRD
) . 1: ] 1 8w cao
| _J — [1i]|reocai

"

Fig. 1—A simple matrix arrangement.
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and the screen and brightness controls
for the three guns are adjusted so that,
when the voltage on the cathodes of the
picture tube goes up or down, the pro-
portions of red, green and blue are such
as to produce various shades of gray,
or white when fully driven.

And why is it that we see a red hue
on the screen when the cathodes are
driven by the Y signal and the R — Y
detector drives the red grid of the pic-
ture tube? It is because the red gun
delivers more beam current when the
grid and cathode are both driven, and
more beam current means a resulting
red tint on the screen of the color pic-
ture tube.

Further, what is the condition for
the display of a saturated red hue on
the screen? When a saturated red hue
is processed by the receiver circuits,
the signal appears on the screen of a
wide-band scope as shown in the “red”
bar of Fig. 2. The important thing to
note here is that the red signal has a
Y (luminance) component and a 3.58-
me  (chrominance) component. The
chrominance component is superimposed
on the Y component—in other words,
the average value of the chrominance
component is zero (being an a.c. wave),
so that the chrominance waveform is
centered on the luminance voltage.

When this saturated color-bar signal
proceeds through the receiver circuits,
the two components divide, with the
Y signal ending up on the cathodes of
the color picture tube and the chromi-
nance signal at the inputs of the
R — Y and B — Y detectors. A little
arithmetic here is very enlightening:

saturated red

30% Y + 70% (R — Y) — 30%

(B —Y) 3% (G — Y)

Graphically, a saturated red signal
appears as shown in Fig. 3. The color
TV transmitter- sends out information

100 —

SYNG
20— [P | pasr BUE B

REEERENCE BLACK
GREEN

Y COMPONENT
OF BLUE
60—

Y COMPONEN

50— OF RED

40—

Y COMPONENT
OF GREEN
30—

20—

REFERENCE WHITE

Fig. 2—Waveform showing the voltages
of 1009, saturated red, blue and green.
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on a red field as follows: The R — Y
signal is 70% of maximum, the B — Y
signal is —309% and the Y signal is
309%. If we prefer, we can say that
the — (B — Y) signal is 309% of max-
imum. In other words, the minus sign
indicates a phase reversal. At the re-
ceiver, a phase reversal to the input
of the B — Y detector results in nega-
tive instead of positive polarity output.

These waveforms are all demodulated
patterns as seen at the outputs of the
R — Y, B— Y and picture (Y) detec-
tors, on a scope screen, and represent
relative voltages.

One of the signals, G — Y, is miss-
ing from Fig. 3. This is explained in
Fig. 4, where the G — Y matrix mixes
R —Y with B— Y to produce G — Y.
For saturated red R— Y = 70%, B —

Y = — 30%. The matrix adds:
—051(R—Y) =

— 0.51 X 0.70 = — 0.357
—019(B—Y) =

—0.19 X 0.30 = + .057
to produce: G—Y=—1030
We end up as shown in Fig. 5 with
grid and cathode of the red gun add-
ing up to 100%, but with grid and
cathode of the blue gun, and grid and
cathode of the green gun subtracting
to 0. So the red gun is running wide
open and the blue and green guns are
cut off—result, a saturated red hue.
(See Fig. 6 for illustration of desat-
urated red display.)

Unbalanced color signal

This discussion has been based on the
color detectors delivering equal voltages
when equal input signal voltages were
applied. Unfortunately it is not quite
this simple. There is a problem of

RED FIELD

+170%

R-Y SIGNAL
B-Y SIGNAL =30%
¥ SIGNAL +30%

|

Fig. 3—Color TV signal for red field.
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CHROMINANCE SIG INPYT

R-¥Y DET
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—30%
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DA BTAR 6Y OUTPUT

=19%
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Fig. 4—G — Y matrix input and output.

+30% ™
T R GrD+70%
t: [] 1 ] e oRD —30%
] [ | GREEN GRID -30%

Fig. 5—Voltages on grids and cathodes
of color tube for saturated red signal.

8AR | SATURATED RED 8al

o
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— e
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E0% ~15%

7 (FORMED AT RCVR

Gk, LN G MATRIX)

E
11 F"

&Y |(FoRMED AT RCVR
-30% ING-Y MATRIX)

Fig.6—When saturated red bar is trans-
mitted, B—- Y and G — Y cancel against
Y. When transmitting a desaturated
red bar, partial cancellation occurs.

overmodulation at the transmitter and
hence we use what is termed readjusted
chrominance values.

This means that both R — Y and
B — Y are cut down somewhat. In
fact, B — Y 1is reduced more than
R — Y. In terms of relative voltages,
R — Y is reduced to 87.7%, and B X
to 49.3% of its original value. Thus,
the transmitter does not provide color
balance since R — Y is predominant.
But this can be easily corrected at the
receiver by adjusting the relative out-
puts of the color detectors so that the
B — Y detector puts out more than
the R — Y detector. A color balance
potentiometer is provided for this pur-
pose—it is an important service adjust-
ment.

If you divide 87.7% by 49.3%, you
will find that the unbalance amounts
to 1.78 to 1, so that the output from
the B — Y detector must be adjusted
to be 1.78 times greater than the out-
put from the R — Y detector. How is
this done? Fig. 7 shows the R — Y
output from a color bar generator. In
similar fashion, the B — Y output can
be switched on instead, and at equal
voltage. For color balance, look at the
square wave on the scope screen which

RADIO-ELECTRONICS
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results from application of the R — Y
signal, for example, and note its height.
Then, check the output from the B — Y
detector with a B — Y signal input and
adjust the output for a square wave
with a height 1.78 times the former.
Then the color detectors will restore the
required color balance. (See Fig. 8.)

This is a process which is analogous
to pre-emphasis and de-emphasis in
FM transmission.

The color detectors will not operate
properly unless the color phase control
has been properly set. How do we do
this? There are several ways but,
since we are working with a scope at
the color detectors, here is the best
way. Apply an R — Y signal to the
input of the receiver and connect the
scope at the output of the B — Y. Turn
the color phase control until the volt-
age of the square wave on the scope

screen drops to zero. Then, cross-check

the operation by applying a B — Y
signal to the input of the receiver and
connect the scope at the output of the
R — Y detector. Again, a zero square-
wave voltage should result. If not, there
is circuit trouble present, such as a
faulty 90° phase-shifter adjustment or
leaky capacitors.

Unless the 3.58-mc color subcarrier

Fig. 7—Appearance of R -~ Y on a wide-
band scope, from color bar generator.

1

@ R-Y DETECTOR

COLOR-BALANCE CONTROL

3.y DETECTOR

Fig. 8—Color balance control, a simple
gain control that permits the technician
to adjust output from the detectors.

CHROMINANCE SIG INPUT
R-Y QUTPUT
e ke o
B-Y QUTPUT
l—v)—
o fmee Lo
e )

Fig. 9—Diagram shows relationship of
3.58-mc oscillator to other circuitry.
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(Fig. 9) is inserted into the chromi-
nance signal in proper phase, the
detectors will not demodulate on the
R—-Y and B—Y axes. The R~ Y
output will contain B — Y contamina-
tion and the B — Y output will contain
R — Y contamination. To demodulate
along the correct axes, the color phase
control must be adjusted properly with
exactly 90° of phase shift between the
local subcarrier oscillator and the R —
Y detector.

This procedure assumes that you
have a standard NTSC bar genecrator.
If you are using a keyed rainbow
generator, you usually cannot obtain
individual R — Y and B — Y signals,
so that the output from the detector
contains varying outputs of other sig-
nals also (Fig. 10). In such case, yvou
must count bars until you come to the
R — Y bar and adjust the color phasing

Fig. 10—Keyed rainbow signal at output
of color detector, or the G — Y matrix.

control to produce zero output from the
B — Y detector. Likewise, to cross-
check you must count bars until you
come to the B — Y bar and connect
the scope at the output of the R — Y
detector to see whether the B — Y bar
voltage is practically zero (as it should
be).

This brings us to the G — Y matrix.
How shall we tell whether the G — Y
matrix is operating correctly? Re-
member this important fact: The
matrix responds to applied signals like
the color detectors. When a keyed rain-
bow signal is applied to the input of
the color receiver, the G — Y bar will
appear at maximum if the G — Y ma-
trix is operating correctly. Or, suppose
that we are using a standard NTSC
bar generator which provides a G — Y
/90° signal. If we switch on this
G — Y/90° signal, the G — Y matrix
responds with practically zero output.
In other words, the G — Y matrix nulls
on a G — Y/90° signal, just as an
R — Y detector nulls on 2 B — Y sig-
nal.

Having checked the G — Y matrix
for either maximum output on a G — Y
keyed rainbow signal or for zero output
on a G Y/90° signal, the voltage
value of the output can be checked, for
example, on a green bar signal. \When
a green bar signal is applied to the in-
put of the receiver, the G — Y output
voltage should be 419 ; when a red bar
signal is applied it should be — 30%
and for a blue bar signal 11%.
Remember if positive voltages go up

www.americanradiohistorv.com

TELEVISION

on the scope screen, negative voltages
go down. Adjust the vertical gain con-
trol of the scope so that the value of
the signal can be counted in terms of
squares.

Here are the relative output volt-
ages from the R — Y detector and the
G — Y matrix for some common colors:

red: R—Y, +70%
G—Y, —30%
green: R — Y, —59%
G—-Y, +41%
blue: R—Y, 119
G—Y, —119
yellow: R —Y, +11%
G—-Y, +11%

Obtaining 1009, saturated colors

Although readjustment of chromi-
nance values at the transmitter or gen-
erator results in a signal which does
not have 1009 saturated colors, it is
possible to obtain true 1009, saturated
colors at the receiver by adjusting the
color intensity control.

Chrominance values at the trans-
mitter are adjusted by reducing R — Y
to 0.877, and B — Y to 0.493 of its
original value. Y s not modified. At
the receiver, the luminance and chromi-
nance signals are separately processed.
The output from the Y amplifier is
applied to the cathodes of the color
picture tube. In the chrominance sec-
tion of the receiver, correct color bal-
ance is first obtained by adjusting the
B — Y detector for an output 1.78
times that of the R — Y detector. This
adjustment results in R — Y and
B — Y signals having 0.877 of their
original values. The G — Y matrix,
which operates on these R — Y and
B — Y signals, likewise generates a
G — Y signal having 0.877 of its orig-
inal value.

When the color intensity control is
adjusted to raise these signal levels by
a factor of 1.14, chrominance signals
R—Y,B— Y and G — Y are restored
to their original values for applica-
tion to the red, blue and green grids of
the color picture tube. Since Y is also
applied to the cathodes of the picture
tube at its original value, true 100%
saturated colors are reproduced on the
picture-tube screen.

Thus, the outputs from the red, blue
and green guns of the color picture
tube faithfully follow the outputs from
the red, blue and green cameras at the
transmitter. There is one limitation,
however, in the reproduction of some
highly saturated colors. In spite of the
fact that readjusted chrominance values
are used, certain 1009 saturated colors
such as green will produce overmodula-
tion at the transmitter. In a case of
this sort, a prominent dot structure
appears in the area of overmodulation
and the hue and saturation values are
not correct. Sync buzz may also appear
in the sound. However, fully saturated
greens are rarely encountered in nature,
and this is the basis for the compromise
in the assignment of NTSC readjusted
chrominance values. END
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Television . .

Eighteenth conversation, first half: The tri-
chromatic principle; transmission problems; si-

multaneous or sequential; saving the fine detail;

how to carry the color inside the 6-mc band
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. 1t’s a cinch

By E. AISBERG

From the original ""La Télévision? . .. Mais c'est
trés simple!" Translated from the French by Fred
Shunaman. All North American rights reserved.
No extract may be printed without the permis-
sion of RADIO-ELECTRONICS and the author.

KeEN—Well, why the disgusted look? Anything happen?

WiLL—I’ve just been thinking that here I've spent all
this time learning about television, and now in a year or
two we’ll have very little but color TV. So all the time
I've spent on ordinary television is wasted. I'll have to start
all over again.

KEN-—-Don’t let it bother you! Most of the circuits in a
color televiser are the old familiar ones we’ve been studying
in black-and-white. Besides, black-and-white will be with us
for some time yet. And the color circuits ar’n’t going to
be too hard—they say!

WiILL—Oh, yeah? And can you tell me in a few well
chosen words just how they transmit and receive color?

KEN—Well, several systems have been tried, All, of
course, based on the trichromatic principle . . .

WILL—. . . in which all the hues are reproduced from
three fundamental colors: red, yellowish green and greenish
blue. By mixing them in the proper proportions, you can
get all the shades and tints you like.

KEN—Wonderful! I didn’t know you’d been studying the
subject.

WiLL—I learned that working in a print shop, where they
printed pictures with red, blue and yellow inks. If you look
at the pictures through a magnifying glass, you see the
dots in those primary colors but at a short distance the eye
mixes them up to make a solid picture. And, because I
already knew a little about it, I was interested to find that
the primary colors in TV are red, green and blue. That’s
because you’re working with light and add the colors to-
gether. But when you print colors one on top of the other,
it’s equivalent to subtraction, so you have to use different
colors to get the same result.

KEN—Boy, you keep right on surpising me! I never
thought of you as an artist or color expert.

WiLL—Do you take me for an ignoramus altogether? But
let’s get back to TV. I suppose, to transmit an image in
color, we must work the same as in printing. First, we have
to separate our scene into the three primaries, then trans-
mit them separately and superimpose them at the receiving
end to build up our picture.

KEN—That’s just about it. So we have to get three
images—red, blue and green—from our multicolor scene.
How do we do it?

WiLL—Easy. By using color filters. For example, if you
photograph the scene through a red filter, you get a red
image. The brightness of any surface element in it depends
entirely on the amount of red light emitted by the cor-
responding area in the scene. So the red parts are brightest.
And the blue and green parts, which emit no red light
whatever, are black after.they’ve gone through a good red
filter.

KEN—That’s right. Now we have three images: red, green
and blue. What are we going to do with them?

WiLL—Transmit them like any other television signals,
of course. Then, at the receiver, we’ll bring in each image
in black-and-white on a separate picture tube. But in front
of the “red” tube I’ll put a red color filter (a piece of red
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glass probably) and green and blue filters before the other
tubes. Then all we have to do is superimpose the three
images—it should be easy to do it by projection—to get the
orig‘ir'lal image in true color. I can’t see why the idea won’t
work!

KEN—Neither can I, Will. In fact, one of our big com-
panies experimented with just that system about 10 years
ago with some success. In spite of diffieulty in register-
ing the three images (as a printer you’d understand that!)
they got very satisfaetory pictures.

Simultaneous or sequential

WiLL—From the sound of your voice, there’s a “but” in
this somewhere!

KEN—And can’t you see where? Three cameras, three
transmitters, three channels, three receivers and three pic-
ture tubes?

WiLL—I suppose it would cost a lot. And those three
channels! No, with the spectrum as crowded as it is, you'd
never get away with that! But what s the solution?

KEN—Remember the first things we learned in television?
How, to get all points in a scene to the eye simultaneously . . .

WiLL—. . . we transmitted them successively! I get it
now! The solution is to send the red, blue and green images
successively along a single channel. If they follow each
other rapidly enough, the eye will blend them into a
single picture!

KEN—That’s the general idea. But don’t think you can
transmit the whole green image, then the red, then the
blue. Unless you have a very large number of images a
second you’ll run into flicker.

WiLL—Why?

KEN—Well, suppose part of your image is pure blue.
Then that part would be transmitted only once during the
time three images were going across space, for the red and
green images wouldn’t add a single quantum of brightness to
the receiving screen. The eye would get the sensation of
a light flicker over that part of the image because that
part of the screen would be dark so long between the times
the blue area would light up.

WiLL—Can’t we interlace the same as in black-and-
white? First transmit the odd lines, then the even ones . . .

KEN—You're on the right track—you can use the same
principle in color.

WiLL—Fine! Now just how would we trarsmit a color
picture if we vary the colors for every field?

The color disc

KEN—O.K. Here’s a system actually used today. It uses a
revolving disc which passes red, green and blue filters
successively ahead of the lens of the camera, and a similar
disc ahead of the picture tube. The discs are kept in step by
the sync signals.

WiLL—I see that each disc has six filters: red, blue,
green; then red, blue, green again. Three filters ought to
be enough.

KEN—They are. But if we use six, we can cut the speed in
two, which is an excellent idea. You develop a lot of cen-
trifrugal force in those dises and, if you quadruple it
by doubling the disc speed, you take a chance on the discs
flying apart.

WiLL—And so, while one color filter is passing ahead of
the screen, you’re not analyzing a complete color image, but
only one color field—either the odd or even lines?

KeEN—Exactly. Can you analyze the procedure?

WiLL—Let’s see. Suppose we start with the red odd lines.
Then we have six fields:

1. Red, odd lines / 2. Blue, even lines / 3. Green, odd lines /
4. Red, even lines / 5. Blue, odd lines / 6. Green, even lines
and then it starts all over again.

KEN—AnNd in one turn of the wheel, each image is an-
alyzed in each of the three primary colors, both for odd and
even lines, and the fields are interlaced.

WiLL—But that’s six flelds for black-and-white’s two.
Looks like we still might get flicker. But did you say some-
thing about more images a second?
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KEN—Well, T have to confess something to you, Will.
This system is not the one used by broadcast stations. It
was abandoned for broadcasting some years ago. I told
you the truth when I said it was used today, but it’s used
only for closed-circuit television. Different manufacturers
can use different standards. Some have gone to very high
line and field frequencies for higher definition. But the
general rule has been to follow the old standard of 29,160
lines and 144 fields per second that was used when we almost
had color television back in 1951.

WiLL—But why not stick to the black-and-white standards
of 15,750 lines and 60 fields a second?

KEN—You forget that you have to transmit three times
as many points or surface elements. Even with the higher
line and frame frequencies, you can’t squeeze them all in.
So—with the old sequential-color standard—the number of
lines per frame was cut from 525 to 405. The eye is so
satisfied with the sensation of life and depth that yvou get
with color that the poorer definition doesn’t bother it. The
eye doesn’t notice it, in fact.

Saving the fine detall

WiLL—So a lot of faults are covered up with a good
coloring job. Who was it said television is like a woman?

KEN—But there are ways of limiting the modulation
bandwidth without losing too much detail. The most im-
portant one is to transmit the fine details in black-and-
white and to save color for the relatively larger areas, which
of course would not need as high a frequency for their trans-
mission. The result is very satisfactory.

WiLL—Of course. I knew that when I was a small child.

KeEN—Huh?

WiLL—Definitely. My parents used to give me coloring
books and I smeared up big areas with water-colors. That
never obscured the picture detail, which was printed in
black-and-white.

KEN—I can see that color television must look pretty
simple to you!

WiLL—Maybe. But let’s get back on the job again. How’s
about giving a little on how television really is broadcast
in color?

KEN—Well, you’ve been coming pretty close to it. If we
keep our fine details in black-and-white, we find that we
can send all our color on a band less than 1500 ke wide.
That’s quite a bit different from three television channels.

WiLL—But you've still got to have an extra channel of
some kind to transmit the color?

KEN—That problem has been solved too. The color signals
modulate an oscillator at approximately 3.58 me, in the
video band. And this modulated subcarrier is part of the
video signal that modulates the transmitter frequency. At
the receiver, special circuits pick out the 3.58-mc signals,
demodulate them, and . . .

WiLL—Hold on! You are talking about one color signal,
and we have to deal with three colors. Are there any other
color subcarriers?

KEN—It’s not quite as simple as that. Two color signals
—I and Q—are sent on the color subcarrier—one at 90°
phase difference from the other. These two signals are phase-
modulated according to the colors being transmitted. They
are detected at the receiver by a phase detector or demodu-
lator, whose output is divided among the color tubes of
the receiver so that the original colors are reproduced.

WiILL—It’s no use! You've been way over my head for the
last 10 minutes. And now you’re even talking about color
tubes in the receiver. I thought there was only one.

KEN—You're right, Will—color is too tough a subject for
a single conversation. If you're really interested, maybe we
can get together sometime soon and go into it seriously.

WiLL,—O.K. But what about that tube?

KEN—You’re right about it, too. Modern receivers use
only one, though the old simultaneous system used three.
The one that’s almost universally used today reminds one
a little of the old three-tube system: it has three guns, one
for each color. But there is also a single-gun tube, and some
sets using that are now under construction. TO BE CONTINUED
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With an intercarrier circuit, the

Converting

old standby gives a fine account

of itself in the uh.f. spectrum

630 RECEIVERS
10
INTERCARRIER OPERATION

By HOWARD BIERMAN*

ARLY field reports in v.h.f.—u.h.f.
areas, as submitted to manufac-
turers of 630 type receivers, noted
excellent signal-to-noise ratio, su-

perior picture quality and above average
sync stability. However, one par-
ticular problem was considered objec-
tionable — oscillator drift during u.h.f.
operation necessitated frequent reset-
ting of the fine tuning control to main-
tain clear sound reception. It was there-
fore necessary to redesign the sound
and video i.f. sections of the original
630 chassis for intercarrier circuitry,
which is substantially immune to oscil-

*Project engineer, Technraster Corp.

lator drift problems. The conversion de-
scribed in this article has been made in
several thousand sets during the past
year and has proven highly successful
in uh.f. areas under various signal-
strength conditions.

Proper design and careful alignment
have resulted in clear, crisp audio out-
put free from the annoying and dis-
cordant buzz often heard in less ex-
pensive intercarrier sets. Several hours’
labor and less than $10 worth of com-
ponents are the only necessary expenses
to convert a 630 set to the newer im-
proved intercarrier circuitry.

Let’s compare the operation of split-
sound and intercarrier receivers. The

transmitted TV sound carrier is 4.5 me
higher than the video carrier; this fre-
quency difference is closely maintained
at the station in accordance with FCC
regulations. In split-sound design (such
as the original RCA 630 if. section
shown in Fig. 1) the video and sound
i.f. signals developed at the mixer are
separated at the tuner output or in one
of the first two video i.f. stages, and
fed to separate i.f. stages for further
amplification. Individual sound and pic-
tures detectors then feed their demodu-
lated output to the audio and video
amplifier stages, respectively.

In intercarrier systems, the video and
sound i.f. signals are passed through a

6ALE
6B A6 — 68A6 e 6AUG T!13"SOUND DISCRIM TRANS  SOUND DISCRIM -
ISTSOUNDIF  1ST SOUND IFT__ 2ND SOUND IF 2ND SOUND IFT 3RD SOUND IF 53 7 o7 -1
vio4 [ 20V # 1 # H ! 4
: = 3| 3 om || 3 = S 4 R220Q 00K 22K
FROM MIXER ~f— li AN h —I——\-I
- Jb 005 K
I\d pe uf LAl 22K 2 g_“s
7 & N 4
K |0l 470K 0015ut 5! Wt
1 S I (r,TOIST AUDIO AMPL
soon% TOOISM = [y %IOMEG
o —
= L
= 135v =
2 172 6ALS
6AGS pixanp DTS2k
FROMIRD PIX 1F g gvss
VI3 A VI HTRS TOIST VIDEQ AMPL
) tpf
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250,
Fig. 1—The sound i.f. and audio dis- 39K
criminator, and part of the pix i.f. and
video detector of the RCA 630.
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SEPTEMBER, 1955 59

www.americanradiohistorv.com


www.americanradiohistory.com

TELEVISION
VII5 -1ST VIDEO AMP
MOUNT L1

Underchassis view
of a 630TS split-
sound receiver—
before modification,
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REMOVE DISCR SHIELD
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HERE

common wideband i.f. section and ap-
plied to a single detector stage. A het-
erodyne action takes place during the
combined detection process, producing a P
4.5-mc carrier containing the same fre- \
quency—-modulated variations as the
transmitted sound carrier. This 4.5-mc
signal is then amplified and applied to
an FM detector—usually a ratio detec-
tor type—which produces audio signals
for the sound section of the receiver.
In v.hf., as in u.h.f. operation, the
local oscillator stage of the tuner is sub-
jected to thermal changes, B plus varia-
tions and humidity effects which pro-
duce frequency drift. Since heterodyne
action between the incoming sound and
picture r.f. carriers and the local oscil-
lator signal determines the i.f. carriers,
a shift in oscillator frequency will pro-
duce a similar variation in the i.f. sig-
nals. In split-sound design this causes
weak, distorted or complete loss of
sound since the sound i.f. carrier is dis-
placed from the center of its relatively
narrow bandpass region. In intercar-
rier receivers, however, the audio sig-
nals are not affected since they are de-
veloped from the 4.5-me beat note,
maintained by the frequency difference
between video and sound carriers at
the transmitter. Regardless of local

www.americanradiohistorv.com

A 630 type chas-
sis after modifi-
cation for inter-
carrier operation.
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While this article is specifically di-
rected toward 630 type receivers, the
principles and practices apply to most
models and may be used as a guide for
similar conversion jobs. The initial step
requires a complete removal of the en-
tire sound section, shown in Fig. 1. (All
codes used in Fig. 1 are those used in
original RCA diagrams. Codes and
values in some 630 type receivers may
differ slightly from the original at cer-
tain points.

Unsolder the various components of
the three sound i.f. amplifiers and dis-
criminator stage, indicated as V104,
V105, V106 and V107. Avoid loosening
or pulling out any socket pins or it will
become necessary to repair the socket
or mount a new one. Remove the two
sound 1i.f. transformers (T111 and
T112), the discriminator shield cover,
the discriminator transformer (T113)
and tube sockets V105 and V106. Re-
move electrolytic capacitor C223 (10 uf,
40 pf, 450 volts; 10 uf, 350 volts) and
mount it at the side of the chassis (see
photo), extending the wires attached
to it by well spliced connections. Final-
ly, remove sound trap T105 located in
the cathode circuit of the fourth picture
i.f. stage. (The photos are not “before”
and “after” shots of the same chassis.
One is a 630 type chassis in its original
form, the other is a different but simi-
lar chassis after conversion. This ac-
counts for the can type C223 in one
photo and the tubular type in the oth-
er.)

In addition to the various resistors
and capacitors shown in the schematic
of the intercarrier circuit (Fig. 2) sev-
eral 4.5-mc transformers are required.
Several manufacturer’s types are indi-
cated in the parts list. These compo-
nents are physically interchangeable
with the original 630 parts, avoiding
unnecessary drilling or filing.

In assembling the new parts, first
drill a 5/16-inch hole near the first
video amplifier tube V115 (see photos).
Be careful to avoid disturbing or dam-
aging any wiring or parts in this area.
Mount trap L1 in the 5/16-inch hole.
Mount a seven-pin miniature wafer
socket in the space previously occupied
by electrolytic capacitor C223. The ca-
pacitor has been moved to the side of
the chassis and the tube socket substi-
tuted in this region to keep lead lengths

6AU6

—ﬁ 2ND SOUND IF
} =a

6AU6 o
IST SOUND IF

of the 4.5-me circuits as short as possi-
ble. This tube location is the new first
sound i.f. stage, V1. Mount the 4.5-me¢
sound i.f. transformer T1 in the space
previously occupied by the second sound
i.f. transformer T112. Then mount ra-
tio detector transformer T2 in the space
originally used for diseriminator trans-
former T113. The receiver is now ready
for wiring.

Since the cathode trap of the fourth
picture i.f. stage has been removed (to
prevent excessive attenuation of the
sound i.f. carrier before it reaches the
detector stage), it is necessary to wire
cathode components R133 and C131
(Fig. 1) directly to the cathode of
V113. Change C131 from 82 to 1,500
ppf. Then carefully wire all compo-
nents contained in the intercarrier sec-
tion, using the schematic shown in Fig.
2. Keep all lead lengths as short as
possible and avoid placing the grid and
plate leads adjacent to prevent oscilla-
tion. Use high-quality ceramic bypass
capacitors and make all ground connec-
tions to the closest possible chassis
points. Avoid haphazard component
layout and careless wiring which may
result in instability or faulty opera-
tion. Dress the heater leads away from
grid and plate leads, as well as from
trap L1 to avoid hum modulation.

After completing the wiring, check
the finished job carefully against Fig.
2 and place the various tubes in their
sockets. To minimize the possibility
of power supply overload or component
burnout, invest a few minutes in a
resistance check at the plate and screen
(pins 5 and 6) of the 6AU6 4.5-mc
amplifier tubes. If these points meas-
ure about 5,000 ohms or so to ground,
power may be applied for alignment.
Should the ohmmeter reading fall well
below this value, carefully recheck the
wiring and components before proceed-
ing further.

Alignmert

The last remaining task in the con-
version is accurate alignment of the
new 4.5-mc section, as well as the
oscillator section of the tuner. Apply
power to the receiver and test equip-
ment to be used (v.t.v.m. and signal
generator) and allow several minutes’
warmup time. If available, an r.f. sig-
nal generator equipped with a 4.5-mc
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Fig. 2—Schematic diagram of intercar-
rier sound circuit for 630 receivers.
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crystal would be the most desirable
source of signal input. However, an
accurately calibrated r.f. generator or
even a station signal is sufficient for a
proper alignment job.

Assuming an r.f. generator or crys-
tal calibrator is used, feed a 4.5-me
unmodulated signal to the cathode of
the 6AL5 video detector stage V114-a
(Fig. 1). Set the receiver station
selector to an unused channel to pre-
vent interference beat notes and then
connect a v.t.v.m. across ratio detector
load resistor R1. The v.t.v.m. selector
switch should be placed to its “plus
d.c.” range; if a v.t.v.m. is not avail-
able, a 20,000-ohms-per-volt multimeter
will be adequate.

Detune the secondary of ratio detec-
tor transformer T2 by rotating its
bottom slug several turns. Then adjust
the top slugs of T2, Tl and L1 for
maximum indication on the v.t.v.m.
Following these adjustments, connect
the v.t.v.m. across Cl1 and ground.
Slowly adjust the bottom slug of ratio
detector transformer T2 for exact zero
reading on the v.t.v.m. As the slug is
turned, the v.t.v.m. reading will be
positive, pass through zero and then

Parts for 630 conversion

Resistors: |—47, 1—I100, 1—I(,000, 1—33,000, 2—4,800
(5%), 1—39,000, 1—47,000, 1—54000, ohms, 2 watt;
1—39,000 ohms, | watt.

Capacitors: 1—2.2 ppf, [—47 puf, 1—390 ppf,
2—470 upf, 1—.0015 (Ci3l, Fig. |), ceramic; 4—

0.1 uf, ceramic, 500 volts, |—4 uf, 50 volts, elec-
trolytic.

Miscellaneous: 1—4AUS; 1—7-pin miniature wafer
socket; |—4.5-mc takeoff coil (Techmaster L308A,
Miller 1449, Meissner 17-3402 or equivalent); 1—
45.-mc interstage transformer (Techmaster T212,
Miller 1466, Meissner 17-1021 or equivalent); I—
4.5-mc ratio detector transformer (Techmaster
T214A, Miller 1468, Meissner 17-1033 or equivalent).

become negative—the point at which
it passes through zero is the correct
setting.

If an accurate 4.5-mc source is not
available, tune the receiver to a strong
local station (transmitting a test pat-
tern and tone signal preferably). Set
the receiver fine-tuning control until
the picture is clearest or just before
the point at which sound bars begin to
appear on the picture. Follow the
previous alignment instructions, using
the station signals as the input source.

For receivers that have individually
adjustable oscillator slugs for each
channel, set the fine-tuning control to
its mid-position. Adjust the oscillator
slugs of each received channel to the
point where sound bars (horizontal
lines whose number and intensity vary
as the sound modulation changes) just
begin to appear.

If the conversion job has been neatly
and carefully followed in assembly,
wiring and alignment, it should now
be possible to enjoy u.h.f. as well as
v.h.f. reception without the annoying
necessity of constantly retouching the
fine-tuning control. Sound and picture
quality will be as sharp and clear as
before the conversion since no compro-
mise or sacrifice in receiver operation
has been made. END
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Retrace blanking (continued)

A circuit somewhat similar to those
discussed last month is used in Sparton
chassis 23U214 (Fig. 1). Here the
retrace elimination pulse is taken from
the secondary of the vertical output
transformer. This negative pulse of
approximately 90 volts peak to peak is
applied through a wave-shaping net-
work consisting of integrator R1-Cl
and coupling capacitor C2 to the grid
of a 21ZP4-B. A 330,000-ohm resistor
isolates this circuit from the brightness
control, and the video signal is fed to
the picture tube cathode. The voltage
applied to the grid is a sharply spiked
55 volts peak to peak.

A somewhat more complicated cir-
cuit is used in the Admiral 17XP3
chassis (Fig. 2). This circuit contains
an autotransformer in the plate circuit
of the 6S4-A vertical output tube. A
60-volt peak-to-peak negative pulse is
taken from the low end of the vertical
deflection coils and fed to the grid of
the 17AVP4 through a printed-circuit
wave-shaping network. The output of
this network consists of a sharp nega-
tive pulse approximately 30 volts peak
to peak.

Capacitor C1 and resistor R2 form a
differentiating circuit that filters out
the low-frequency component that often
causes picture shading. High-frequency
horizontal ringing components are re-
moved by the integrating network R1-
C2. Without this network vertical bars
may appear. A 120,000-ohm resistor is
used between the brightness control and
cathode. The video signal is fed to the
cathode.

Another variation is shown in the
Raytheon 16AY211 chassis (Fig. 3).
In this circuit a positive pulse, taken
from the high side of the deflection
coils, is shaped and fed to the cathode
of the picture tube. The video signal
from the 12AT7 is fed to the control
grid of the picture tube. The brightness
control in this circuit is isolated through
a 100,000-ohm resistor.

From the previous circuits it can be
seen that a retrace elimination circuit
can vary from a simple coupling capac-
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itor to a relatively complex network.
In addition, individual component values
vary considerably. Thus, due to the
circuit variations between TV receivers,
each retrace elimination circuit should
be custom-mmade for optimum perform-
ance. The circuits shown here form
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Fig. 1—The retrace blanking circuit used in the Sparton 23U214 TV receiver.

trace lines may be faintly visible. How-
ever, for any setting less than full
brilliancy, retrace lines will be elim-
inated.

Audic hum

A Magnavox receiver mow on the

a center value about which variations
should be made to obtain a good sharp
spike voltage of sufficient amplitude.
In experimenting with these circuits,
an oscilloscope is almost indispensable
for observing pulse shapes.

When working without a scope and
not sure of pulse polarity, reverse your
connections if retrace lines are not
eliminated. As a final check, advance
the brightness control and decrease the
contrast. At extreme settings the re-

bench came in with a complaint of hum.
The set uses a separate audio amplifier
that shows mo sign of hum when used
without the TV receiver. I have used
crystal  mput and magnetic input
(through a preamp) on the amplifier
without the slightest trace of hum.
However when I connect the amplifier
to the TV chassis, there is considerable
hum.

The owner says that this set is new
and that he has had the trouble since
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Fig. 2—Admiral 17XP3 blanking circuit.
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Fig. 3—This circuit blanks retrace lines in Raytheon 16AY211 TV receiver.
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he bought it. Furthermore, he was
told that the hum is characteristic and
cannot be eliminated. I don’t think this
s so and I would like some sugges-
tions on how to clean up the trouble.
[ cannot read the entire model number,
but it says 300 series and model CT
followed by some other illegible identifi-
cation—T. W. Cleveland, Ohio

The Magnavox 300 series and models
starting with the code CT cover a very
wide range of chassis circuitry. How-
ever we can discuss the problem in
general. The receivers using a separate
audio amplifier have a TV-phono
switch in the TV chassis that could be
causing the trouble. Carefully dress all
the shielded audio leads from this switch
away from the filter choke and close to
the chassis. You might also try revers-
ing the amplifier a.c. plug, however this
will generally have little effect if the
leads to the TV-phono switech are
properly dressed.

If you have not already done so, re-
place the 6T8 ratio detector and first
audio. If you have a scope, look for
hum ripple in the plate circuit of the
6T8. This is a low-level signal point
and, if there is any appreciable hum,
add a decoupling network between the
plate load resistor and B plus. Use a
resistor of about 50,000 ohms and a
bypass capacitor of about 0.1 to 0.5 gf.

Most of these chassis have a 120,000-
ohm resistor connected from one side
of the a.c. line to chassis ground. Place
this resistor as close to the a.c. recep-
tacle as possible and connect it to the
side of the a.c. line which does not
contain the on—off switch.

High-voltage fuse

A Stromberg-Carlson model 400 came
in with the high-voltage fuse blown. I
checked the horizontal output, damper
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and high-voltage circuits but found all
voltages and resistance measurements
to be normal. With a new fuse in the
circuit, everything worked fine. When
the set was turned off and on again,
however, the fuse blew. The same thing
occurs when the set is switched from
the radio to TV. I have tried checking
for defective components but everything
measures as per manufacturer’s specifi-
cations.—R. M., Ogden, Utah.

Although this trouble is not partic-
ularly characteristic of this chassis,
the symptoms you describe very much
indicate oscillator failure. With this
circuit not operating, the necessary
drive voltage to the grid of the hori-
zontal output amplifier is not developed.
Plate and screen currents cause the
fuse to blow.

The oscillator uses a type 6SN7 and
may contain the relatively recently
introduced 6SN7-GTA which apparent-
ly does not oscillate as readily as the
older 6SN7-GT. This trouble, not con-
fined to any one tube manufacturer,
has shown up in many cases where
switching has caused the oscillator to
fail and the fuse to blow. Thus, observe
the grid drive on the horizontal output
tube. Use a 6SN7-GT in the horizontal
oscillator circuit. If there is still no
oscillation, you will have to check out
all components in the oscillator circuit.

Critical horizontal hold

A particularly rough set on hand has
already caused me three callbacks. The
recetver is a Sentinel model 438, and
each check revealed a different defec-
tive component in the horizontal oscil-
lator causing the raster to disappear.

Even when repaired the horizontal
hold control setting is very critical and
the customer reports that before the
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raster disappears the horizontal hold 1is
almost impossible to maintain. I am
sure that the trouble is in the phase
detector or horizontal oscillator ecire
cuits. —W. M., Houston, Tex.

There is a very strong likelihood that
the trouble of eritical horizontal hold
is being caused by a leaky .047-uf
capacitor (C81, Fig. 4) used in the
horizontal reference feedback -circuit.
When defective, this unit will often
cause other components, generally re-
sistors, to change value. The resistors
affected are those connected in series
with the feedback capacitor to ground
and those in the cathode and plate
circuit of the horizontal oscillator.
This feedback capacitor, when defec-
tive, will often cause associated capac-
itors to fail.

Thus, it could be that you are con-
tinually finding defective components
and replacing them without getting at
the basic source of the trouble. Your
very first remedy is to replace this
feedback capacitor with a new .047-pf
1,000-volt unit. Following this, check
every component in the horizontal
oscillator and feedback circuit. Replace
any that are off value by more than
10%.

Weak horizontal sync

The complaint on a G-E 21C347
receiver was very weak sync. Upon
thorough checking it was found that
the horizontal sync was very poor but
the wertical sync was normal. In all
other 7respects the picture and sound
were normal. 1 have checked all tubes
in the sync and horizontal deflection
circuits but this did not help. I do not
have a schematic of this circuit and am
not familiar with its operation or wave-
shapes, so it is difficult to troubleshoot
it as I would more conventional cir-
cuits. May I have a list of the more
likely causes of this trouble and some
typical wvoltages that would indicate
proper operation of the circuit?—J. S.,
San Diego, Calif.

Your first test should be a check of
the sync amplitude at the input of the
horizontal phase detector (Fig. 5).
This signal comes from the cathode of
the sync phase splitter and should be
about 50 volts peak to peak. Check the
bias and plate voltages on the control
(horizontal reactance) tube.

A common cause of the trouble de-
scribed is defective components in the
sine-wave oscillator. Carefully check
coil L251, capacitors C260, C264 and
resistors R265, R266. Other capacitors
to be checked are C255 and (258.
Another very important group of com-
ponents to be tested are those in the
network that determines the waveform
of the feedback signal. These include
capacitors €272, C273, C276 and re-
sistors R279, R278.

In addition, be sure all tubes in-
volved have been checked by direct
substitution. Often slight differences in
the characteristics of “good” tubes can

make the difference between normal
and poor operation. END
63


www.americanradiohistory.com

AUDIO—HIGH FIDELITY

The equipment room at the Narragan-
sett Marine Laboratory. All the appa-
ratus in this photograph is used solely
for recording the sounds made by fish.

By ERIC LESLIE

HE noisemaking abilities of some
fish have long been known-—wit-
ness such names as ‘“grunter” and
“croaker.” Systematic study of
their acoustic output has been under-
taken only recently, and most of the
work has been done since 1949.
Interest in fish sounds began during
World War II when sonarmen, sub-
mariners and others began to report
strange sounds, which at first they at-
tributed to enemy action. The fishy
sounds were considered important
enough to warrant an extensive pro-
gram of study, and now the character-
istic sounds of the noisier fishes have
been recorded for posterity—or study.
Possibly the world’s greatest author-
ity on the subject of fish-made sounds
is Mrs. Marie Poland Fish, biological
oceanographer of the University of
Rhode Island’s Narragansett Marine
Laboratory. Her studies have taken
place in most of the oceans of the
world and have included other ocean-
dwelling noisemakers as well as fish.
Mrs. Fish finds that noisemaking is
common among many types of marine
life: voluntarily as a means of com-
munication, particularly to implement
breeding; as an expression of fright;
as a measure of defense or offense; as
a response to environmental changes
or as a means of orientation, and in-
voluntarily in connection with swim-
ming, feeding, collision or other aec-
tivity.
These conclusions were reached
through study of 62 species of tem-
perate coastal and 105 tropical and
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subtropical fishes, 20 crustaceans and
2 species of marine mammals. In many
cases the marine life was monitored
“on location.” For more intensive
studies the fish were held captive in
tanks, particularly at the laboratory
near Kingston, R. I, and in Bermuda
and Bimini in the British West Indies.

One such tank is the subject of our
cover, which shows one of the star per-
formers near the microphone or hydro-
phone, and Mrs. Fish operating the tape
recorder which preserves the sounds
emitted by the subjects in the tank.
Not only have simple recordings been
made, but frequency spectra have been
run with harmonie wave analyzers and
octave filters. Some of the equipment
used for recording and analysis is
shown in the photograph on this page.
Incidentally, marine life is studied
directly with a hydrophone on a long
cable run out the window in the back-
ground and down to an arm of the
Atlantic 200 feet or so away. Shallow
water types are best monitored thus
directly—deep-water fishes are more
accurately handled by dredging them
up and studying them in the tank. Some
of the sound recordings