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Biggest TV Ad Campaign Pre-Sells For You!
Styling that sells on sight!

Model T-10,

compact—neat.

New model Alliance Ten-  ALLIANCE RATED TOP TV SPOT
na-Rotors pack more eye- ADVERTISER!

Gppec|, more buy-cppecl. :\mong all national TVspot cdverﬁs:rs, occo.rding to
Record-brea king e Rorabaugh reports, Alliance ranked No.14 in 1953,

Electrically con-
trolled with di-
rection indicator.
Price $39.95.
prove it! Television — Newspapers — Magazines
advertise the full Alliance line— Alliance

. Tenna-Rotors—UHF Converters— Boost-
right—IT PAYS TO BACK THE LINE THAT ers. Boost your profits with the line that

DELIVERS THE MOST POWERFUL TV oo "oy
ACCESSORY CAMPA'GN IN HISTORYI *Recognized National TV Spot reporting service.

The Alliance line is styled right—priced

Over 2,000,000 Alliance Tenna-Rotors now in use!

-
NEW! Alliance electronic
garage door operator...
LIFT-A-DOR! ]

Model U-83—_ AUTOMATIC —THE
ONLY FULLY AUTOMATIC ROTATOR
—AN EXCLUSIVE FEATURE—JUST "SET
IT—FORGET IT" Price $44.95.

Allia“c MANUFACTURING COMPANY

Alliance, Ohio
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| doubled my income

by learning Radio-Television with N.R.I.

“My income has doubled since I began my NRI course,” writes
Bill Channer of Kelso, Oregon. “I have been in business now
about five years, and have one of the leading Radio and Television
sales and service shops in the area. My business is steadily grow-
ing. I employ two full-time servicemen in addition to myself and
expect to need more help. The real money today is in Television
installation and service. We also do a good Radio service business,
as well as installation and service work for several department
stores in our area. My NRI training has paid off well—more than
doubling my income. Training at home did it.”
| = .

Training PLUS opportunity is the
PEEFECT COMBINATION for jcb
security, advancement. When times are
good, the trained man makes the BET-
TER PAY, gets PROMOTED. When
jobs are scarce, the trained man enjoys
GREATER SECURITY. NRI training
can help assure you and your family more
of the better things of life. Radio is
bigger than ever with over 3,000 broad-
casting stations and more than 115 MIL-
LION sets in use, and Television is
moving ahead fast.

Start Soon to Make $10,
$15 a Week Extra

My training is practical, complete; is
backed by 40 years of success training

men at home. My well-illustrated lessons
- give you basic principles you need ard
my skillfully developed kits of parts
“bring to kfe” things you learn from the

1 §
Practice Broadcasting-Servicing
with Equipment 1 Send

Nothing takes the place of PRACTICAL EXPERI
ENCE. That’s why NRI training is lased on LEARN
ING BY DOIMG. You use parts 1 ~;end t baild nany St
circuits comiran to both Radio )

and Television Mail coupon at
the right. It will bring book of
important facts. It shows you
equipment yoa get and build for
practical experience. All equip-
ment I send is yours to keep.

Operator KPAT

“Am transmitter-studio
operator at KPAT. Most

Technician TV CImu:

“Am employed as Techni-
dan for a TV Clinic, han-

4SUCCESS IN RADIO TELEVISIOM

I MR. J. E. SMITH, President,
| National Radio Institute, Washington 9, D. C. B

lessons. 1 start sending you special book=
lets the day you enroll, that show you
how to fix sets. Multitester you build
helps you make money fixing neighbors”
sets in spare time while training. Many
make $10, $15 2 week extra this way starte
ing soon after they enroll.

Mail Coupon—Find Out What
Radio-Television Offer You

-Act now! I will send Actual Lesson to
prove NRI home training is practical,
thorough. My 64-page book ‘‘How to be
a Success in Radio-Television” shows
what my graduates are doing and earn-
ing. It gives important facts about your
opportunities in Radio-Television. You
can take NRI training for as little as $5
a month. Mail coupon now to: J. E.
SMITH, President, Dept. 4HF, National
Radio Instltute Washmgt.on 9, D. C.
Our 40th year. —

Dept. 4HF

important day of my & dling the tough jobs that |Mail me Sample Lesson and 64-paze Book
life was when I enrolled ° cannot e fixed in the home. R 5 pagel Bgok, ¥ .
with Nationzl Radio % NRI started me off right.” ]FREE (NO salesman will call. Please write ' " =
Institute.”” ELMER LERN&PD SIERb. Cleve- Iplaln])’-) = ;i ,.1/
FREWALT, Madiscn, 2 land, N i |
S. Dakota. Extra Money Spare Time JE e > f
§ A “Made $100 from spare Address____ b A
AVA LABLE TO time work beg.;re I finished :Clty e it ‘.b - |
my course. Now average LOL N e
V E T E R A N S bettor than 3102 weel ‘ VETS WRITE IN DATE ‘\ "‘,ﬂj }
spare time.”" 3 OF DISCHARGE
UNDER G.I. BILLS BC‘RER, Lorain, Ohie. s --—-———————-—-——--—— = %‘
AUGUST, 1954
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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!

AUGUST, 1954

RADIO-'I'EI.EVISION-EI.EC'I'RONICS
by SHOP-METHOD
HOME TRAINING MAsﬂ“

You also
receive this
Multitester

LEARN BY DOING

Youreceive and keep all the
modern equipment shown
above, including tubes and
valuable, professional qual-
ity Multitester. No extra
charges.

FREE! rRADIO-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 Courses Offered!

NATIONAL SCHOOLS &

LOS ANGELES 37, CALIFORNIA « ESTABLISHED 1905
IN CANADA:811 W.HASTINGS STREET,YANCOUVER, B.C.

GET FACTS FASTEST! MAIL TO OFFICE NEAREST Y
(mail in envelope or paste on postal card)

NATIONAL SCHOOLS, Dept. RG-84

4000 S. Figueroa Street 323 West Polk Street
Los Angeles 37, Calif. Chicago 7, Iil.

Send FREE Radio-TV Electronics book and FREE sample
lesson. No obligation, no salesman will eall.

NAME. BIRTHDAY. 19
ADDRESS.
CITY _B ___ZONE___STATE

[0 Check here if interested in Resident School Training at Los Angeles.
VETERANS: Give Date of Discharge I

www.americanradiohistorv.com
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NEW \icriren”

3-WAY

AXIAL

” ”
15" and 12

Concentrically
Combines E-V

@ @ ( >-): Radax Propagator,
and Bass Cone

Super-Sonax,

Brings advantage of distortion-free
wider range found in E-V separate
3-way systems, in one compact speaket

E-V concentric Triaxial design
gets the most from specialized
driving media for each portion
of the audio spectrum. Aug-
mented bass response, full
bodied mid-range and silky-
smooth upper octaves to the
highest audible frequencies pro-
vide excellent musical balance
without masking effects or im~
posed distortions.

Model 12TRX. 12%¢"” diam.
List, $190 Audiophone Net, $114

Model 15TRX. 15%” diam.
List, $225 Audiophone Net, $135

Includes X36-1 crossover network
and AT37 brilliance control

® Response 30-15,000 cps
in Recommended Enclosures$

® Exclusive E-V Concentric Mounting
Insures Full Range, Complete
Room Coverage

® Balanced Response Characteristic
Provides Realism and Presence

® Adjustable Brilliance Control
for Remote Mounting. Allows
Matching to Room Acoustics

® Edgewise Wound Voice Coil Design
Affords 18% More Efficiency

® Full ¥2 Section M-Derived Crossover
Network Minimizes Distortion Products

Write for Bulletin No. 204

EleéthoYoree

BUCHANAN, MICHIGAN

| THE RADIO MONTH

DR. KARLT. COMPTON, bphysicist
and educator, died June 22 at the age
of 66, following a heart attack some
days earlier.

Dr. Compton was the founder and

| head of the Radiation Laboratory of

the Massachusetts Institute of Tech-
nology. Later he became head of the
Research and Development Board of
the National Military Establishment,
a position he held until medical reasons
compelled him to abandon many of his
activities in 1949. He remained chair-
man of M.LT. till his death, however.
In addition to his research and or-
ganizational work in radar, communi-
cations, nueclear physics, guided mis-
siles and other electronie applications,
Dr. Compton was an advocate of broad
education, and introduced a division of
humanities at M.I.T. He received in-
nunmerable medals and awards, includ-
ing the Congressional Medal of Merit
for being “personally responsible for
hastening the end of World War II”,
and 32 doctorates from institutions of
learning in all parts of the world.

SELENIUM SHORTAGE has led to a
salvage drive. Triggered by a letter
from C. F. Honeywell, Administrator
of the Business and Defense Services
Administration of the Department of
Commerce concerning the shortage of
this highly strategic material since the
Korean emergency, one large rectifier
manufacturer has announced a system
of purchasing burned out units.

The factory, according to the an-
nouncement, is already diverting faec-
tory-generated rejects for selenium
reclamation. It is estimated that during
the past 5 years 400,000 pounds of
selenium have accumulated in out-of-
warranty replaced rectifiers in the

| United States.

BASIC MEDIUM of communication in
the United States is and will remain
radio. This opinion was expressed by
R. H. Hyde, acting chairman of the
Federal Communications Commission in
a speech at the recent NARTB conven-
tion.

www americanradiohictorv com

Hyde said that on the basis of present
grants and applications, there will be
about 670 television stations in 325

communities. In contrast, 1,300 com-
munities have their own local radio
station.

The interest and attention devoted
to television have obscured the con-
tinuing growth and development of
aural broadcasting. In the past 10
months, 114 new AM station authoriza-
tions were issued, almost as many as
new television grants.

FIVE NEW U. S. TV STATIONS

have gone on the air since our last

report. These are:

KFXJ-TV  Grand Junction, Colo..... 5
WDBO-TV Orlando, Fla.. ... 6
KGLO-TV  Mason City, Ia.............. 3
WBOC-TV Salisbury, Md..... ....16
KVDO-TV Corpus Christi, Tex....... 22

WECT-TV, Elmira, N. Y., channel 18,
has gone off the air.

Two new stations have gone on the
air in Canada: CHCH-TV, Hamilton,
Ontario, channel 11; CBWT, Winnipeg,
channel 4.

A NEW DEPARTURE in electron tube
manufacture, the “stacked tube” was
revealed recently to a joint Armed
Forces-industry-press conference by
Sylvania Electric Products Inc.

The base of the new tube is a cer-
amic dise, through which the usual
contact pins are brought. There are
two additional rigid pins on which the
elements are mounted. Holes in the
anode and in the frame holding the
grid assembly, and slips attached to the
cathode, slip over the pins. Ceramic

washers between the elements space
them correctly. The pins

are then

riveted down on the assembly and a
ceramic cap sealed over the whole. The
“stacked tube” will stand vibration,
heat and shock that would destroy a
standard glass tube of equivalent type.

CLINICAL THERMOMETER consist-
ing of a tiny carboloy thermistor
mounted at the end of a stainless steel
probe gives accurate readings in 5 to
7 seconds. Besides being quicker, speed-
ing up the taking of temperatures 40
times, the new thermometer’s probe is
unbreakable, making it safer than the
old glass type.

The probe is connected by a flexible
transmission cord to a mercury cell,
with a meter that registers the tem-
perature. The thermistor resists heat
and translates this resistance in terms
of degrees on the meter.

RADIO-ELECTRONICS
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me BACKSTOP

STOPS co-channel and adjacent- |
channel interference caused by

rear signal pick-up! /
Highest front-to-back ratio ever built into an antennat ; /
No rear pick-up; eliminates “venetian blinds”!

Largest screen area: 70 square feet!

Very high all-channel gain. Incorporates basic

Champion design, including Tri-Pole, with additional
elements!

* Completely preassembled!

Table of
FronMo-Bud(rlaﬁo!
Relative Volt
(Re aiverySiiage) Goln Above Tuned Refersnce Dipols
Front-te-Back T
Channels Ratios F Bl
2 9:1 =- ==
3 10:1 B o o e o o
: B =
e Iz uo;( AN LA == ar—e e =l == model no. 326'2
5 20:1 AL g ris L R 57
i ¢ S R )
5 18:1 Erpes VHF-UHF antenna
Only Low Band channels IMPORTANT . . . don’t be misled by polaé
shown, since co-channel patterns representing relative POWER. Remem- s 90 B
interference Is not encoun: ber, power is the square of voltage. All Ilst
tered on Migh Bond Channel, Master polor patterns are presented
channels in relatjve VOLTAGE.

radical new antennas
by CHANNEL MASTER

The most beautiful antenna

ever made! The only |

indoor antenna featuring powerful 1 Al * VHE-UHF
outdoor design principles — : indoor
Bow-Tie and Screen. antenna

DESIGNED FOR POWER!

On UHF: For primary and secondary areas. In many
cases, performance is equal to actual outdoor installa-
tions. Good directivity on all channels. !

On VHF: Ideal in areas of strong VHF signals.

STYLED FOR BEAUTY}

Designed by a well-known industrial designer, the
WONDER BOW is proof that indoor antennas can be
beautiful as well as powerful. Wins zustomer approval
on beauty dlone!

Goln Above Tuned Reference Dipole

The first gain - Gold and black

figures ever to
be published S model no. 416

for an indoor == SHver and black

antenna! : - = model no. 417

5@% ”M””H MASTE” 60”,’. LELERYICLE, K Write for complese technical literature.

&= The World's Largest Manufacturer of TV Antennas Copyright 1954, Chonnel Moster Corp. *Pat. No. D-171560
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TUNG SOL

PICTURE TUBES

\n.'u

Gun made of best grade non-magnetic
steel,

Glass bead type assembly is stronger
both mechanically and electrically—gives
greater protection against electrical leak-
age.

Rolled edges in gun minimize corona.

Custom built stem with greater spacing
between leads assures minimum leakage.

Low «resistance of outside conductive
coating minimizes radiation of horizontal
oscillator sweep frequency.

Double cathode tab provides double
protection against cathode circuit failure.

Selected screen composition resists burn-
ing (X pattern).

Rigid control of internal conductive coat-
ing provides utmostservice reliability.
Designed for use with single or double
field ion trap designs.

One-piece construction of parts assures
better alignment.

Maximum dispersion of screen coating |
assures uniform screen distribution.

Tung-Sol makes All-Glass Sealed Beam % i
Lamps, Miniature Lamps, Signal Flashers,

| The only attention necessary

Picture Tubes, Radio, TV and Special Pur-
pose Electron Tubes and Semiconductor
Products.

TUNG-SOL ELECTRIC INC., Newark 4.
N. I Sales Offices: Atlana, Chicago.
Columbus, Cuiver City (Los Angeles),
Dallas, Denver, Detroit. Newark, Seattle.

TUNG-SOL

RADIO AND TV TUBES

You Can Build A lepu-ta'tion On Tung-So} Quality

THE RADIO MONTH
MAGNETIC TAPE has replaced disc

records in the nationwide franchise
service of one of the largest “back-
ground music” concerns. The company.
Muzak Corporation, developed its own
playback wunit for the purpose and
states that it will make the service
cheaper and improve the quality of the
music. It will make background music
service economically possible in smaller
communities that could not have been
served with the disc system, the com-
pany states.

The new tape plays a full eight hours,
running four hours in one direction,
stopping and reversing automatically,
and playing the additional four in the
other direction. Subsonic signals on
the tape control the starting and stop-
ping, preselect specialized music (such
as Christmas carols) when desired, re-
wind, or shut off the machine and

switch in a companion. Two machines

can play indefinitely and automatically.
18 one
visit a day to change reels.

SOLAR GENERATOR using cadmi-
um sulphide instead of silicon as its
light-sensitive element has been an-
nounced by the Wright Air Develop-
ment Center of the Air Research and
Development Command. Cadmium sul-
phide is best known as a yellow powder
used as a paint pigment. As a con-
verter of solar energy, it appears in
crystal form.

The crystal in the first model is the
size of a sugar cube, but wafer-thin
crystals would work efficiently. The
electrode attached to the sides of the
crystal are of dissimilar metals. The
negative electrode is indium and the
positive, silver. Small motors and an
electric clock have been operated by

| the experimental generator.

Larger units could be constructed,

and it is believed that a thin crystal
slab with an area of 60 square feet,
resting on or built into the roof of a
house, could supply all its electrical re-
guirements.

RADIO INTERFERENCE caused by
high-voltage transmission lines in
Sweden has been reduced successfully
by transmitting radio programs over
the power line itself. In the initial
tests, a 250-watt transmitter operating
at 182 ke was used.

The system consists of connecting a
radio transmitter to the power line be-
tween one phase and ground via a
capacitor conveniently located in the
line system. The transmitter power is
such that the signal level exceeds the
interference level by an amount that
makes the disturbance practically in-
audible.

Radio noise interference had in-
creased considerably when the 230-kv
power system was extended to 400 kv.
Attempts to reduce the difficulty by
conventional methods—moving the an-
tenna cable, shielding transverse lines,
etc.—were unsuccessful. Radio recep-
tion is obtained in the usual manner by
tuning the receiver to the wave length
of the line radio. No special arrange-
nients or equipment are required.

ULTRASONIC SOUNDS are pro-
duced by animals other than bats and
porpoises. Dr. John W. Anderson of
Cornell University has discovered that
laboratory rats, guinea pigs and sev-
eral other animals are also capable of
producting inaudible sounds.

Dr. Anderson thinks the high-fre-
quency sounds may serve for communi-
cation between individuals. Whether or
not rodents use these for orientation as
bats do is not known, but is not con-
sidered likely. END

|

Donald C. Reynolds (left) and Lt. Colonel Gerard M. Leies observe the solar
generator as it turns small direct-current motor at 73 revolutions per minute.
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All Electronic Parts
YOURS TO KEEP!

Now/
Work over

200

practcal projec
WITH THESE
PART S0

~]
=

~
%
‘E

¢

, HELP YOU LEARN

A TELEVIS

RAD'O-ELECTRON'CS Now ...at home in spare time you can get BOTH the very
training and subsequent Employment Service you need to help you start eorning real money in
America’s thrilling, multi-billion dollar opportunity field of Television-Radio-Electronics. Now
that Television is coming to almost every community, here is a chance of a lifetime to prepare
to cash in on one of Television’s great expansions.

o

S

»

==

D.T.1.’s amazingly practical home method enables you ta'set up your own HOME LABORA-

TORY. You get many Electronic parts which you mount on individual bases with spring clip

\ connectors. Tops for experimenting! Add or remove ports in a jiffy. No wasted hours of

soldering and unsoldering far each project. You spend minimum time to get moximum

knowledge of important circuits that really work. In fact, you get exactly the same type of

k basic training equipment used in our Chicago training laboratory—one of the nation’s
finest.

Build and KEEP This VALUABLE TEST EQUIPMENTY

Yaur home laboratory projects also include building and keeping a versatile 5 inch
Oscilloscope and precision Jewel Bearing Multi-Meter. These quality commercial test
instruments help you EARN WHILE YOU LEARN and will prove mighty valuable,
should you later decide to start your own full time TV-Radio service business. Yau
also build and keep a quality 21 inch TV SET.

D.T.I. Provides EVERYTHING YOU NEED fo master TELEVISION

In addition to your home laboratory and easy-to-read lessons, you even use
HOME MOVIES—o0 wonderfully effective and exclusive D.T.1. training
advantage. You watch hidden actions. . .see electrans on the
march. Important fundamentals ... become ‘“movie
clear,” helping you learn faster . . . easier .. . better.

Build and keep this BIG DTI
Engineered TV set—easily
converted to U.H.F. (DTl offers
another home tra ning, but
_ without the TV set.)

Full time Residential training in D.T.l.’s great
Chicago laboratories also available. MAIL COU-
PON TODAY for all facts. (If subject to Militory
Service, you'll espe-
cially welcome the
information we have
for you.)

D.T.1.'s Training :
is available in Canada 3

MAIL COUPON TODAY!

DEVRY TECHNICAL INSTITUTE
4141 BELMONT AVE., CHICAGO 41, ILL. DEPT. RE-8-K
1 would like your valuable information-packed publication

showing how | can get started toward a good job or my own
business in Television-Radio-Electronics,

e N”! MVIES

S G

““INE OF AMERICA'S FOR

MOST
TELEVISION TRAINING CENTERS'' &8

T"i'? !

: i§ It N
s
|§: | Nﬁi “fql = r U R
I _Jl:, %51.';1-"3_";_ & Stlss:

D:VRY TECHNICAL INSTITUTE

AFFILIATEC WITH Street Apt

Name Age

DeFOREST’'S TRAINING, INC.
CHICAGO 41, ILLINOIS

AUGUST, 1954 9

City. Zone___State.
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SALES

AND
offers SHOP
AIDS

[X¥)

- ILLUMINATED
"“SERVICE DEP'T” SIGN TUBE and TOOL CARRYING CASE RAYTHEON ConverTV Seats
Dress up your shop with this easy-to-hang Holds 137 tubes and necessary repair Ideal for shop or home use, or as ins
direction sign. Supplied ready to hang. tools — all tubes are in full view. centive gifts on TV set sales.

REPAIRS OR
@7 ADJUSTMENTS gda
FRANK'S RADIO & TELEVISION SHOP
100 §. MAIN ST CITYVILE OMIO
Phone: Moin 1.1000
™ SONDID (LLETIONIC THCHMICIANE
i o
iaf{HainN

7 t1evIsioN ANDRADIO TuSES

ILLUMINATED OUTDOOR SIGN PRESSURE-SENSITIVE
RAYTHEON BROWLITE Double sided, — formed plastic face sign REPAIR STICKERS
A new kind of flashlight that frees both for outdoor use. 34” x 24”. A real traffic Stick to any surface without moistening.
hands for service work. stopper. Packaged in handy dispenser box.

OUTDOOR
THERMOMETER .

Q;::J TRANSPARENT PLASTIC
TELEVISION WINDOW STREAMER
RADIO TUBE SHELF IDENTIFICATION
SERVICE LABELS BOOK

Labels for over 480
current Raytheon
Radio and TV tube WINDOW DISPLAYS

type designations. Bright, full color displays to sell your
Easy to apply. service. Both are varnished and easeled.

They’re all in this FREE BOOKLET! It's yours for the asking
You'll find Many more mcney-making sales stimulators and time-
saving shop aids in this booklet — all designed to help you make more
money by increasing service business and saving valuable time. Many
are free and others are made available through your Raytheon Tube
Distributor at less than cost. To get a copy of the booklet write to
Raytheon Manufacturing Company, Re-
ceiving and Cathode Ray Tube Opera-
tions, 55 Chapel Street, Newton 58,
Mass. Department

—

TELEVISION
AND

RADIO TUBES §

Vw

COLOR SPOT SIGNS
A brand new set of trans-
parent window signs every
service shop needs.

RAYTHEON MANUFACTURING COMPANY

"RAYTHEON MAKES ALL THESE:

10 RADIO-ELECTRONICS

WwWWWwW.americanradiohistorv.com


www.americanradiohistory.com

Which DoYouWant? |

P/ /

add technical train- . .. c.

ing to your practical
experience and

WE GUARANTEE

TO TRAIN AND COACH YOU AT HOME IN SPARE TIME

ovru vou oer YOUR FCC LICENSE
Employers Make

JOB OFFERS Like These to Our
Graduates Every Month

Letter frem nationally-known Airlines, “We would also appreciate if you
would place the following additional advertisement in your bulletin—Wanted
—Superintendent of Communications Salary $666.66 per month.

Letter from'nationallyAknown Airlines, “‘We are contemplating placing

an Airline Ground Radio Engineer.”’ Starting salary $385 per month.

These are just a few examples of the job offers that come to our office periodical-
1y. Some licensed radioman filled pach of these jobs . . . 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
Lee Worthy . T 2nd Phone....ccccvennieiennn 16
22104, Wilshire St., Bakersfield, Cal.
Clifford E. Vogt................. Semesereey s dst Phone ..o 20
Box 1016. Dania. Fla.
Francis X, Fo _...1st Phone ---cceeceemnnnnnn .38

erch. siecmseraen
38 Beucler Pl., Bergenficld. N.

and -"’ayel : BerEs v

Our Amazingly Effective JOB-FINDING SERVICE

Here is just one recent example of Job-Finding Results

Get Your Fee Tieket
‘"{eﬂ Use Our
To Get aBetter Jop

S I

1 can train you to pass your FCC License Exams
in a minimum of time if you've had any practical
radio experience—amateur, Army, Navy, radio
servicing or other. My time-proven plan can help
put you, too, on the road to success.

Let me send you FREE the entire story
Just fill out the coupon and mail it. | will send
you, free of charge a copy of ‘*How to Pass FCC
License Exams,” plus a sample FCC-type Exam,
and the amazing new booklet, ‘‘Money Making
FCC License information.””
Carl E. Smith, E.E.
President

Helps CIRE Students Get Better Jobs

Gets Five Job-Offers from Broadcast Stations

(=

ME—H-LNOTO

“Your ‘Chief Engineer’s Builetin’ is a grand way
?f ohta';mng dsmll)lo."mfnt for your graduates who
wave obtained their 1st class license. Since my
RISVIIE TSH‘IE' 3%‘-; name has been on the list. I have received calls or
URSE_ WHICH letters from five stations in the southern states, and
am now emploved as Transmitter Engineer at
;EP'-'E‘;:(S FCC- WMMT,
e WITAHMIIP\‘I/.\I: Elmer Powell, Box 274, Sparta, Tenn.
IS\LSQENS?SAND Your FCC ticket is recognized by em-
. ployers in the electronic field os proof
of your technical ability.

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

Desk RE-67, 4900 Euclid Bldg., Cleveland 3, Ohio
CARL E. SMITH, E.E., Consulting Engineer, Pres.

AUGUST,

1954

4
8\ L. ;
e aniey

Cleveland Institute of Radio Electronics

Desk RE-67, 4900 Euclid Bldg., Cleveland 3, Ohio
(Address to Desk No. to avoid delay)

I want to know how I can get my FCC ticket in a minimum

Exnminations

ell as a simple FCC-lype exam and the amazing new booklet,

wi
sMoney-Making FCC License Information.’”’ Be sure to tell me
about your Television Engineering Course.

does not cover exams for Amateur License), as

Name

Address
City ooy

= -.Zone.
Paste on 2-cent postcard or Send airmall.

www americanradiohistorvy com

|

!

I

time. Send me your FREE booklet. ‘‘How to Pass FCC Licengé =
I

1

|

]
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it
When It's Designed and Bul
by BLONDER- TONGUE...

.-——H————-—————---———-----------ﬂ

:-—-————-—-—--—-ﬂ

...and
for ULTRA PERFORMANCE

e (i ZBhaventen

Mcedel BTU-2

When B-T designs and builds an all-channel UHF
converter to sell for less than $20.00, you can be
sure that it will outperform any other converter in
its class...at least 4 ways:

" TUNED INPUT — Tracks with oscillator — Rejects spurious
2 signals —Suppresses oscillator radiation.

2 PRECISE IMPEDANCE MATCH —Maximum signal conversion—
s No line ghosts —No picture smear.

3. ONE-KNOB TUNING —No VHF channel switching.
DRIFT-FREE PERFORMANCE — Thermally compensated oscilla-

1 tor circuit.

e Check with your supplier today ...or write to Dept. TH-3
R-B-E BLONDER-TONGUE LABORATORIES, INC.

WESTFIELD, NEW JERSEY

at $39 LisT

still leads every other unit in the ficld,
regardless of price. because of:

o Higher Gain ® Precise Impedance Match

© Automatic ‘on/off’ o Lower Noise Factor Mznufacturers of TV Amplifiers, Boosters, Accessories, and Originators of the

@ Dual Speed Tuning @ Exclusive B-T Ultratuner B-T ‘Add-A-Unit’ Master TV System.

- G N G e G G CEE GEP GG WAV G WS WP GED S WIS WE S S Gk W GRS e S
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Quick TV Sueccess can be yours

you a

ct now!

. . aviation and

® Prepare now for the new Radio-TV-Electronics boom.
Get in on VHF and UHF .
mobileradio . . . color TV ... bincural sound! The
International Correspondence Schools can help you!

CHECK THESE SEVEN
FAMOUS [.C. S. COURSES
—ONE FOR YoU!

If you've ever thought about Radio or Television as a career . , .
if you have the interest, but not the training . . . if you’re waiting

for a good time to start ., . NOW’S THE TIME!

No matter what your previous background, I.C.S. can help
you. If Radio-TV servicing is your hobby, I.C.S. can make it your
own profitable business. If you're interested in the new develop-
ments in Electronics, 1.C.S. can give you the basic courses of
training you need. If you have the job but want faster progress,
I.C.S. can qualify you for promotions and pay raises.

I.C.S. training is success-proved training. Hundreds of 1.C.S.
graduates hold top jobs with top firms like R.C.A.,G.E., DUMONT,
I.L.T.&T. Hundreds of others have high ratings in military and
civil service. Still others have successful businesses of their own.

With I.C.S., you get the rock-bottom basics and theory as well
as the all-important bench practice and experimentation. You
learn in your spare time—no interference with business or social
life. You set your own pace—progress as rapidly as you wish.

Free career quidance: Send today for the two free success books, the
36-page “How to Succeed” and the informative catalog on the course you
check below. No obligation. Just mark and mail the coupon. With so much
at stake, you owe it to yourself to act—and act fast!

d

g

d

O

PRACTICAL RADIO-TELEVISION
ENGINE ERING —Foundation course
for radio-television career. Basic prin-
ciples plus advanced training. Radio.
Sound. TV.

TELEVISION TECHNICIAN-To
qualify you fof high-level technical posi-
tions in television. Camera, studio, trans-
mutter techniques. Manufacture, sale
and installation of TV equipment.

TELEVISION RECEIVER SERVIC.
ING—Installation, servicing, con-
version. Dealership. For the man who
knows about radio and wants TV
training.

RADIO & TELEVISION SERVICING

Designed to start you repamring, in.
stalling and servicing radio and tele-
vision receivers soon after starting the
course.

RADIO & TELEVISION SERVICING
WITH TRAINING EQUIPMENT-—
Same as above but with addition of
high-grade radio sefvicing equipment
and tools.

RADIO OPERATING COURSE-
Special course to help you pass the
Government examination for operator's
licenses. Code. TV. FM. Radio regulations.

INDUSTRIAL ELECTRONICS—
Broad, solid background course devoted
to the electron tube and lo its many
applications.

INTERNATIONAL CORRESPONDENCE SCHOOLS

BOX 2878-L, SCRANTON 9, PENNA.
Withaut cost or obligation, send me "HOW to SUCCEED’’ and the booklet about the course BEFORE which 1 have marked X:
ART O Heating O Petroleum—Nat'l Gas O Electrical Drafting POW
O Commercial Art o :ainclin%Ctmlractor E]] ;rlurand Paper Making E]] E!ectric Power and Light m] f,“'"bu""é?" ‘Englneeﬂng
O Magazine lllustrating O Air Conditioning astics ineman iesel —Electric
O Fashion lllustrating a Elelc.lusi?a"ESS CIVIL, STRUCTURAL - H”“hGSHh SICSHbootL E]] g{e‘c}nc legt( and quer q
O Cartooning ] N igh School Subjects ationary Steam Engineering
a Sketchmg and Painting O Business Administration o CE,,,N"%,I,S,,ESELNG O Mathematics O Stationary Fireman
O Show Card and Sign Letterlng O Certified Public Accountant 3 structural Engineering O Commercial RADIO, TELEVISION
AUTOMOTIVE O Bookkeeping and Accounting [ Surveying and Mapping O Good English COMMUNICATIONS
O Automobile, Mechanic O Office Management D Structural Drafting MECHANICAL O Practical Radio—TV Eng'ring
O Auto Elec. Technician O Stenography and Typing £ Highway Engineering AND SHOP O Radio Operating
0O Auto Body Rebuilding O Secretarial O Reading Blueprints [ Mechanical Engineering O Radio_and TV Servicing
and Refinishing O Federal Tax . O Construction Engineering % Im‘j,ustnalI gngmeenng E]] gle]eg:rlsmin—Techmc:an
ODcelotunes O Bunes Cncspontonce | 0 Sanary Engineering Ingmhl uectieal Wbt mes o
O Aeronautical Engineering Jr. [J Personnel and Labor Relations DRAFTING O Mechanical Drafting RAILROAD
O Aircraft Engine Mechanic O Advertisin 0O Aircratt Drafting O Machine Design-Drafting O Locomotive Engineer
0O Airplane Dfaftin O Retail Buaness Management O Architectural Drafting O Machine Shop Practice O Diesel Locomotive
ILDING g [ Managing Small Business 3 Electrical Dratting O Tool Design O Air Brakes [J Car Inspectof
O Architecture O Ocean Navigation % Fsdt?ﬁ:ﬂ‘rlacla:)?arfa!'l'v:gl [m] mdu;‘trialsLnstrlumenl!ailion [u] '3;2’;’(3% Administration
i § achini n
8 ‘B\l'ﬁlhd'ilv?;aé:;:llractor E g;Le; gtz'r‘;xvi'r’:tel’v‘l:; O Sheet Metal Drafting B Readi.nge Bluoe":.)rinst"s)ec - O Textile Engmeenng
O Estimating O Creative Salesmanship O Ship Drafting ti O Toolmaking O Cotton, Rayon, Woolen Mfg.
O Carpenter and Mill Work O ’Iéafﬂé Mavggrerngnl a ME':EES(;‘_’I‘_”’RYI‘:‘:K::" Dratting E]] ﬁast—]glec;ric ﬂelﬂn% " E]] ‘fvardmg an% gvpmmng
O Carpenter Foreman R > eat Treatmen etallurgy arping and Weaving
O Reading Blueprints O Chemicat Engineering O Electrical Engineering O Sheet Metal W O Loom Fixing [0 Throwing
O House Planning [ Chemistry O Electrician O Sheet Metal Panem Drafting O Finishing and Dyeing
O Piumbing O Analytical Chemistry [ Electrical Maintenance O Refrigeration [ Textile Designing
Name. Age. Home Address
City Zone State Working Hour. AM. to P.M
0 it Canadian residents send coupon to International Correspondence Schools Canadian, Ltd.,
Montreal, Canada. . . . Special tuition rates to members of the U. S. Armed Forces.

c

AUGUST, 1954

www americanradiohistorvy com
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\\ Electro-Lens
Focusing*!

get sharper... 1.

Give your customers the most sparkling pictures
they’ve ever hoped for . . . pictures with all the
dramatic highlights and tones of a portrait photo-
graph . . . with the revolutionary new Winegard
Interceptor TV Antenna! Restores vibrant life to the
dull, blurred image of many old sets . . . brings out
every last ounce of performance in the newest.

For only the Interceptor has that amazing
“Electro-Lens Focusing” . . . the patented
design that pulls in all the signal . . . actually
builds up its intensity . . . then focuses the
amplified signal to the screen, much as an

optical lens focuses and intensifies light rays.

And—the Interceptor gives maximum rejection of
side and back interference . . . vastly superior recep-
tion in outlying areas. Particularly suited to color TV,
designed to give performance unmatched by any
other antenna on all VHF channels. Lightweight,
compact, wind resistant.

An obsolete antenna can make even the finest set
unsatisfactory. So give your customers the best per-
formance from any set, old or new . . . insure their
utmost satisfaction. Write for complete information
about the Winegard Interceptor Antenna today!

*Patent Pending

Interceptor
ANTENNA

with Exclusive Electro-Lens Focusing

' WINEGAR

WINEGARD COMPANY, 3000 Scotten Boulevard, Burlington, lowa

RADIO-ELECTRONICS

wwWwW americanradiohisetorv com
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Home Study Courses in

TELEVISION SERVICING
offered by

RCA INSTITUTES

Study Television Servicing—from the very source of the latest, up-to-
the-minute TV and Color TV developments. Train under the direction
of men who are experts in this field. Tuke advantage of this oppor-
tunity to place yourself on the road to success in television. RCA
Institutes, Inc. (A Service of Radio Corporation of America),
thoroughly trains you in the “why’’ as well as the “how"

of servicing television receivers.

\

FIRST HOME STUDY COURSE
IN COLOR TV SERVICING

Now wyou can train yourself to take advantage of the big
future in Color TV. RCA Institutes Home Study Course
covers all phases of Color TV Servicing. It is a practical
down-to-earth course in basic color theory as well as how-to-
do-it servicing technigues.

This color television course was planned and developed
through the combined efforts of instructors of RCA Institutes,
engineers of RCA ILaboratories, and training specialists of
RCA Service Company. You get the benefit of years of RCA
research and development in color television.

Because of its highly specialized nature, this course is
offered only to those already experienced in radio-television
servicing. Color TV Servicing will open the door to the big
opportunity you’ve always hoped for. Find out how easy it
is to cash in on Color TV. Mail coupon today.

SEND FOR FREE BOOKLET

Mail coupon In envelope or paste on
pestal card. Check course you are inter-
ested in. We will send you a booklet that
gives you compiete information. No sales-
nan will call.

RCA INSTITUTES, INC.

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

HOME STUDY COURSE IN
BLACK-AND-WHITE TV SERVICING

Thousands of men in the radio-electronics industry have
successfully trained themselves as qualified specialists for a
good job or a business of their own—servicing television
receivers. You can do this too.

This RCA Institutes TV Servicing course gives you up-to-
the-minute training and information on the very latest
developments in black-and-white television.

As you study at home, in your spare time, you progress
rapidly. Hundreds of pictures and diagrams, easy-to-under-
stand lessons help you to quickly become a qualified TV
serviceman.

There are ample opportunities in TV, for radio servicemen
who have expert training. Mail coupon today. Start on the
road to success in TV Servicing.

MAIL COUPON NOW

e e o e e e S e S R e e e e SO T e e S S e s e

RCA INSTITUTES, INC.
Home Study Dept. RE-854
350 West Fourth Street, New York 14, N. Y.

Without obligation on my part, please send me
copy of booklet on:

[0 Home Study Course in TELEVISION SERVICING.
71 Home Study Course in CoLor TV SERVICING.

Name
(please print)
Address
City: Zone State

wwvv.americanra!jiohistorv.com
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3¥%TRIDGES
replace Q)

cartridges you are most likely to

encounter in your service work!

TECHNICAL DATA AND
REPLACEMENT CHART
= IS ENCLOSED.

i 3ts 192 Crystal
Carlridges menu-
factured by five
teading cartridge

manufacturers,

MODEL RK-54
Replacement Kit
List Price $22.55

Lowest investment for broadest
coverage! The RK-54 is beyond all doubt
the most practical Replacement Kit on the
market! Proof? Simply this—you get the
broadest coverage at the lowest investment—
only $22.55 list! Think of it —3 Crystal Car-
tridgesreplace 192 of those specific Cartridges
most likely to be in need of replacement!
Two of the Cartridges consistently have
been “best sellers” in the Shure line—as es-
tablished by actual sales to Servicemen! The
Cartridges are: Model W22AB, 3-Speed,
2-Needle Cartridge—Model W26B, All-
Purpose. Single-Needle Cartridge—Model
W78, 78 RPM, Dual-Volt, Dual-Weight
Cartridge. Model W78 is the new, versatile
Cartridge that replaces 149 other Cartridges,
This Cartridge alone will become a sensation
overnight! Order a Replacement Kit from
your Distributor today—once you have
worked with this practical kit you will find
that these three Cartridges are dependable
replacements—will make your service work
faster, easier and more profitable!

TRANSPARENT
PLASTIC BOX

IS FREE!

This Handy Box is
5" long, 32" wide,
1%" deep.

— The oMok
of Qualily

16

| CORRESPONDENCE

ELECTRONIC COMPLEXITY
Dear Hugo:

I read with great interest and ap-|

proval your editorial in the June issue
| of RADIO-ELECTRONICS. I think you have
there offered a very practical solution
to the ever-increasing complexity of
television receiver and computer cir-
|cuits, with their accompanying increas-
I‘ing liabilities to contact interruptions.
up the circuits in a relatively small
number of compact packages would
prove such a practical and economical
solution that it would be widely accepted
throughout the electronic industry.

I never fail to read your monthly
editorials and inevitably find them in-
‘teresting and suggestive.

LEE DE FoOREST

l Los Angeles, Calif.

ORCHIDS TO US
Dear Editor:

This is a note I’ve been intending to
write each time I see a new issue of
RADIO-ELECTRONICS. I am continually
impressed by the wealth of valuable
information presented in such down-to-
earth form, so I just want o express
my appreciation.

As a radio instruetor I urge my stu-
dents to recognize that they can’t make
a place for themselves in electronies
just on the strength of class and labora-
tory training alone—that it takes indi-
vidual initiative too, and I'm pleased to
recommend RADIO-ELECTRONICS to help
them keep on their toes in this fast-
moving field.

I feel that much credit is due those |

| who direct this publication.

| HuGH LINEBACK

Oklahoma Agricultural and Mechanical
College

Stillwater, Oklahoma

I CORRECTION
| Dear Editor:
| I presume that Mr. Jesse Dines, as
| well as readers of his very elightening
article,  “Ceramic Capacitors,” June
1954, have discovered an erroneous
formula used to calculate the frequency
change of a tuned circuit due to a
change in capacitance. The correct
formula, of course, is

f2:fl X v 0_1

v.C2

which is derived directly from the well
known formula

1

fo——
27 v LC
Therefore, the calculated frequency
f2 should read 40.17 mec instead of
40.33 me. In other words, the frequency
drift is somewhat less serious than
| shown.
Perhaps Mr. Dines might also have
| mentioned that a capacitor with nega-
tive temperature coefficient is desirable
in critical circuits where other compo-
| nents, such as coils, have positive co-
efficients.
HERBERT H. LENK
Cincinnati, Ohio

www.americanradiohistorv.com
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'TRAINING SERIES”

Unquestionably the idea of wrapping | I QW a

ppearing in

t INDEX

the Monthly REPORTER for
the Electronic Service Industry

b or vy BEPGRT sa vha
ELECTRONIC
SERVICE
INDUSTRY

__LCOLOR TV

brings you a complete
education in COLOR TV
based on practical
experience with actual
receivers, and first-
hand data developed
exclusively by the
editorial staff of

PF INDEX . . . appearing
month after month. You
won’t want to miss a
single issue...so get

PEINDEX-

AT YOUR PARTS DISTRIBUTOR

get if each month
only 25¢

RADIO-ELECTRONICS
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Model 612P Tube Tester

Standard RETMA emlisslon type clrcuit.
Tests all tubes; button 7- and 9-pin types,
(8ub-miniatures also), dual-capped high
freq. types, FM and TV tubes, etc. Permits
{ndividual testing of multl-section tubes
including tuning indieators, osc-conv., ete.
Panel switch selects lilament voltages from
0.75 to 117. Free-point lever element selec-
tion handles all multiple basing termina-
tions. Has 4114” meter accurate within 2%
Checks for shorts hetween elements. Noise
and condenser test pin Jjacks. Dynamic
“under load” test for A, B and C radio
batteries. Sturdy hardwood case with cover
and carrying handle: tool compirtment.
Easy-to-read, hlgh-speed roll chart has
provislon for adding test setting data.
12 x 13 x 6”. For 110-120 volts, 50-60 cycle
AC. Shpg. wt., 19 Ibs.

84 FX 433. Net....... cerinese..$77.91

Model 612-MCP. As above, but In open-style portable metal case.
B4 X444, Netessanmpe oo ods = omyp el + ¢ wogpzress o svpms 9 e 3BT o G ols e s alalloleis $7 502

Model EV-10A-MCP VTVM Megohmmeter

‘Wide-range, true zero-center. Reads: 0-2000-200.000
ohms, 0-2-20-200-2000 megohms. VTV ranges: 0-3-12-
60-120-300-600-1200-6000 DC volts. RF volts (with
RF-10A probe): 0-3-12-60-120 v. peak. AC, DC and out-
put v.: 0-3-12-60-120-300-600-1200-6000. at 1000 ohms/v.
DC current: 0-300 microambs, 0-1.2-6-30-120-600-1200
ma and 0-12 amps. 77 meter. Eight db ranges, -20 to
+77. Steel case, 12 x 10} x 6”. With coaxial leads. For
105-125 v., 50-60 cycles. Shpg. wt., 17 1bs.

B4FX400. Net............... ............397.75
RF-10A RF Probe For above. Shpg wt., 11b,
84F 419, Net. WA - e e L s1am

Model E-200-C Signal-Marker Generator

For efliclent servicing of all AM, FM, and TV receivers;
excellent for TV alignment. Covers 88 kc to 240 m¢ on
elght bands (88 ke to 60 mc on fundamentals). Accuracy
within 1% . Highly stable electron-coupled osclllator cir-
cuit. Outputs: Unmodulated RF, 400-cycle modulated
RF, externally modulated RF, and 100-cycle sine wave
audlo output. Has0-100% modulatlon control. Full vislon,
no-glare 614~ direct reading dial with 0-100 vernler scale.
Supplles 0-50 volts AVC-AGC voltage for alignment by
constant blas procedure. Each range hand-calibrated.
Complete with coaxlal eable, dual LOW-HIGH cable con-
nectors, and valuable 92-page book, ‘'Servicing by Signat
Substitution.” In black ripple portable steel case. Size:
12 x 10% x 6”. 105-120 voits, 50-60 cycles Wt., 17 Iba.
B84FX 409. Net. . ........... . A .$76.93

Model E-400 Sweep Generator

For television and F)M servicing. Frequency range is
2-480 me: harmonically calibrated 240-480 me. Nar-
row and wide-band sweep-—freq. widths: 0-1 me and
0-15 me. Permits easy band width setting for both
FM and TV,; has built-in zero base-line reference.
High and low output terminals. Stable variable fre-
quency oscillator beats with either one of 2 fixed
frequency osclllators. Has bulit-ln multiple erystal
marker-callbrator. Supplied with 2 erystais (2 me and
4.5 me) . Special socket accommodates 4 crystals. Full
vision, 634-lnch dlal. Dual RF attenuators provide
continuousiy variabie output level control of test sig-
nals. Separate output terminal provides synehronized
parrow and wide-band sweep. Phasing control. In-
cludes coaxial output cabie and other inter-connecting
cables. Copper-plated portable cage. 1034 x 12 x 6". For 105-125 volts, 50-60 cycles
AC. Wt, 24 1bS. BAFXA3B. Vel. ... . ..ottt iiiieia s $136.95

All PRECISION instruments over $45 available on Easy Terms—write for details

parts, test instruments,

AUGUST, 1954

Send for our latest 56-page Sup-
plement featuring new releases
and special values. Make your
selections at ALLIED from the

world's largest stocks of tubes,

equipment, amateur gear,
trial components—everything in
electronics at lowest prices.

ALLIED RADIO

PRECISTON

TEST INSTRUMENTS

Standard of Accuracy, Quality and Valve

For Over Twenty Years

Model 10-12P Electronamic Tube Tester

High-quality free-point tube performance

= tester featuring the reliabie Preclsion Electro-

namic circult. Tests all tubes, Including 4, 5, 6,

and 7-pin octals, loctals, 9-pin novals, acorns,

sub-miniatures and television types. Provides
17 filament voltages to 117 volts. Absolute free-
point element selection by master lever selec-
tor (with single-action return) which locates
every tuhe element regardless of position at
tube base. Provides direct facillties for radio
battery. ballast, noise, pilot bulb and condenser
testing, neon contlinuity checks. and tests for
shorts between tube elements. 414" meter hag
2% accuracy. Double window high-speed roller
tube chart: permits adding new tube setting
data. For 110-120 volts, 50-60 cycles. In attrac-
tive hardwood portable cagse witb removable
cover and handle. 133 x 171 x 63". Shpg.
wt., 23 1bs. 84 FX 426. Net.......... $105.35

Model 10-12C. As above, but In black chrome-
trimmed counter-type case.
84FX 430, Net........... co.o....$110.00

PTA CR Adapter. WIlI test all plcture tube
types when used with any Preclsion Tube
Tester. Tube need not be removed from set for
testing. 84 F 492 Net.......... e . 96,61

CR-30 CATHODE RAY TUBE TESTER. Shows operating condition of TV picture tubes of all
sizes and tyvpes, without removal from set. Measures actual beam current. not just total
eathode émlﬁslnn Checks all CR tube elements by absolute free-point 14-lever selection
system. 475" meter shows tube condition and proportionate picture brightness. Built-in
bridge-type VTV M. Speed roll-chart and test cable. Hardwood portable case. 6/ X 133%
X 17%7. 110-120 v.. 60 cycles. Shpg. wt., 22 1bs. 84 FX 448, Net. .. ....... .$102. 65

Model ES-500A 5” Oscilloscope

An outstanding scope—bullt to the highest test instrument
standards. Features push-pull horizontal and vertlcal ampll-
fiers, internal phasable beam blanking, 1-volt peak-to-peak
voltage calibrator, ambplitude controlled positive-negative
syne selection (locking circuit), and vertical battern reversal
switch. Uses 5CP1A CR tube. Vertical deflection sensitivity
through amplifier, .02 rms volts/inch. Horizontal, .15 rms
volts/inch. Response of both amplifiers, 10 cycles to 1 mc,
Direct input impedance (horizontal and verticual Dlates). 3.3
megohms and 15-20 mmf. Input of amplifters: vertical, 2
megohms; horizontal, 4 megohm. Has 3-step, frequency-
compensated vertical Input, attenuator, plus continuously
varlable vernier control. Sweep, 10 ¢ps to 30 ke. Has Z-axis
modulation input for blanking. timing, etc.; bhasing control
for line sweep oDerations. Audlo monitoring phone jacks.
Removable. rotatable light shield. 844 x 1413 x 18”. With
5CP1A, all tubes, shield, screen, and operating manual. For
110-120 volts, 50-60 cycles AC. Shpg. wt., 44 Lbs.

B4FX 449, Vel . i e Lam - beve ot My s FYEOIE = $170.23

SP-5 Probe Set. For above. Four probes for general-purpose and speclalized TV signal
tracing, alignment, wave form analysis, ete. Includes: high imp.-low cap. probe; crystal
probe; isolating probe; shielded direet probe. With coax cabie and quick-change connector
to accommodate probes and plug to seobe. Clip-on tips free hands for work. In Vinvi
roll case. Shpg. wt., 3IbS. BAF 491, Vel ... ... i i $23.03

ALLIED STOCKS ALL PRECISION TEST INSTRUMENTS

We can supply all Preeision products promptly, Including the foliowing:
84 FX 422. Model 10-54-P Tube. Battery and 35 Range AC-DC Tester. Electronamic
combination tube and battery tester. and 20,000 ohimns/v. DC and 1000 ohms/v. AC
circult tester. In portable case. Net................ $136.71

84 F 428. Serles 85 Multl-range Tester. A quallity VOM. . $39.15
84F 441. [L.C-1 Carrying Case for above. Net.. ... ... ..$9.3
84 F 405. Model 858-P 54-Range Tester, Push-button onerutlon Net. .$60.27
84 F 446. Model TV-2 High-Voltage Probe for above testers. Net........ ....$14.45
84FX 417, Model EV-10A-P VTVM In wood case. Net. . .................... $100.45
84 FX 443. Model EV-20 VTV, all purbose portable AC-DC. Net $68.35
84 FX 445. Model TV-4 Hi-V Probe for above VITVM's. Net. e ..$14.45
84 FX 419. Model RF-10A RF Probe for above. Nel. .. ... .coviieivennannrens $14.11
,.-______..___________.___._._____________.
]
FREE Supplement No. 139 | | ALLIED RADIO CORP., Dept. 2-H-4 ;
1 100 N. Western Ave., Chicago 80, lil. ]
] i
t [] Send FREE Supplement No. 139 [
: [7] Please ship the following PRECISION instruments. . s .0 s :
] 1
: D R R A R R I R I I IR R NN AU R ) :
2 ] I
c.|ud|o LI =T 1 - 2
indus- ¢ 1
] 1
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Astatic Universal Model
L-12-U Crystal Cartridge —
output is low {1.2 volts) with
removable condenser harness ON;
it's high (4.0 volts) with harness OFF,

THE ASTATIC MODEL L-12-U
CRYSTAL CARTRIDGE

Astatic’s dual-output, universal type crystal
cartridge—the Model L-12.U—is a truly superior
replacement in the great majority of 78 RPM
installations encountered by servicemen today.
No other cartridge is capable of broader applica-
tion . . . yet, the Astatic L-12-U is guaranteed to
provide performance equal to, or exceeding, the
quality of the originals. It isn’t a cure-all. But it
is the closest thing to it that has so far been de-
vised by electronic engineers. It is your best
answer for simplification of inventory, for avoid-
ing lost time and many problems of servicing.
You'll be glad you got acquainted with the “hand-
iest of all crystal cartridges,” Astatic’s L-12-U.

401 Broadway, New York. N. Y, C ORPORATION

Cable: Astatic, New York.
CONNEAUT, OHIO

IN CANADA: CANADIAN ASTATIC
LIMITED, TORONTO, ONT.

EXPORT REPRESENTATIVE ém
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CORRESPONDENGCE

DECOMPLEXITY
Dear Editor:

Thank you for your timely editorial
“Decomplexity” in the June issue of
Rapio-ELECTRONICS. Having been either
radio engineer or service technician—
or both—for the past 40 years, may I
offer my two cents worth? You are so
right!

And I do not refer to the horrendous
combinations of radio-TV-record player
combined in a box as big as a grand
piano, but to the average television re-
ceiver chassis. Those big combinations
are “for the birds,” those birds with
more dollars to spend than sense.

In the first place, no television re-
ceiver should be so large as to be not
portable—not movable by the owner or
service technician. Most housewives
want things moved occasionally, and
the TV is no exception. And they
could put handles on TV sets, too, espe-
cially the 21-inch variety. Did you ever
try to pick up a 36-inch cube weighing
75 or 100 pounds? The first one isn’t
so bad—but the third or fourth one gets
to be awkward. And the .average TV
has to be serviced two or three times a
yvear, and has to go to the serviee shop.

As you say, the TV set of today—not
to mention tomorrow’s color TV—has
grown to be a monstrosity. Radio engi-
neers(?) have spent years of study
and experiment to ‘‘complexify” it,
adding trick ecircuits—a.g.c., no-flutter,
no flopover gadgets—more as talking
and selling points than for their prac-

| tical value. But the unfortunate cus-

tomer doesn’t understand, so he buys,
thinking he is getting a “scooper-
dooper” masterpiece.

Verily, how complicated can they
get? When are we going to call a halt
and go back to the simpler things? If

| we don’t, a stalemate will soon result,

where no one can service and keep in
operation all the complex monstrosities
of engineering genius. And set owners
will not be able to afford either the re-
ceiver or the high cost of specialized
service work required. This is not nec-
essary.

There are scores of different makes
of television receivers, all different in
their ways of arriving at the same ob-
jective. I have here between 25 and 30
different brands of TV receivers in all
their various models. All different!

Talk about being a specialist! It re-
minds me of the wag who said that a
specialist is a guy who learns more and
more about less and less. If there were
only one make of TV receiver we might
become specialists, but we have to learn
to solve all the riddles that the radio
engineers have been able to concoct in
their many years of endeavor to make
things more complex.

Then—to top it off—they stick in
cheap capacitors and other components
where they think they won’t cause
trouble—in addition to mass-produced
punchings for parts to reduce costs—
and arrange them in such a layout that
many of them are inaccessible.

(Continued on page 20)

RADIO-ELECTRONICS
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;I Better Contrast!
Longer Life!
Availability!

ARE PACKED
WITH PROFITS!

Make old sets like new...have more satisfied customers!

Remember, millions of set owners see and hear about Sylvania
Picture Tubes on the nation-wide weekly television show
“Beat The Clock.” They know that they are famous for quality
and dependability. For full details about aluminized tube
replacement, write for Sylvania’s “Aluminized Picture Tube
Replacement Guide.” Address: Dept. 4R-3808, Sylvania NOW!

AUGUST,

1954

Interested in new sales records? You'll be heading in that
direction when you replace old picture tubes with new Sylvania
Aluminized Tubes.

Sylvania Aluminized Picture Tubes give terrific performance.
They make old sets better and brighter than new by providing whiter
whites—blacker blacks . . . a 6-times better picture contrast.

Sylvania Aluminized Picture Tubes are now available in most
sizes for all popular TV sets. In other words, with Sylvania
Aluminized Picture Tubes, you give your customers the best possible
buy and the best possible service, including a full one-year warranty.

Sylvania Electric Products Inc. 1740 Broadway, New York 19, N. Y.

In Canada: Sylvania Electric (Canada) Ltd.
University Tower Building, S$t. Catherine Street, Montreal, P. Q.

LIGHTING + RADIO + ELECTRONICS - TELEVISION
19
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If you own

Jackson Test Equipment

Jackson “Service-Engineering” has always meant designing with the future
in mind. And, compatible color proves the point. For, if you bought Jack-
son TV test equipment avithin the past few years, you'll find it’s now as
good for color as for black-and-white.

Jackson TVG-2 Television Signal Generator

Complete sweep and marker generator with sep-
arate crystal calibrator. Sweep width adjustable
from 0 thru 18 mc. Sweep frequencies for IF or
color video alignment. Built-in oscilloscope timing.

Jackson 707 Dynamic® CRT Analyzer
The CRT analyzer that completely and
accurately tests all TV picture tubes,
magnetic or electrostatic, black-and-
white or color. Provides complete tests
for shorts, beam current, grid condi-
tion and gas.

Jackson CRO-2 Wide Band Oscilloscope

Flat within 1 db to 4.5 mc. Ideal for displaying
3.58 mc color burst signals. New Low Capacity
probe available has only 2 to 1 attenuation ratio,
not more than 8§ mmf effective input capacitance.

Jackson 648 Dynamic® Tube Tester
Features Sequence Switching for Su-
per-speed set-up and tests. Saves val-
uable minutes in checking TV sets.
Dynamic test method gives accurate,
under-load test conditions. Life-line in-
dicator, many other features.

New! Jackson Color-Bar /White Dot Generator

If your shop is Jackson-equipped, here’s the onfy
new instrument you'll need for color. Provides
single color bars, or multi-bar pattern, as well as
white dots for convergence checks. For use with
present 3-gun color tubes or any new development
using NTSC standards.

ELECTRICAL

INSTRUMENT CO.

16-18 South Patterson Blvd., Dayfon 2, Ohio—In Canode: The Canadion Marconi Company

20
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CORRESPONDENCE

The underside of many TV chassis
consists of a space about two feet
square and four inches deep, completely

| filled with hundreds of small parts,

more hundreds of questionable soldered
joints, and a maze of wires that dis-
courages the repairman before he even
attempts to trace a circuit.

On the other hand there are sets that
amaze you at the comparative lack of
parts and wires—and you wonder how
the set can possibly perform so well
with so few parts. These are the sets we
service technicians fondly refer to as
the ‘“gutless wonders.” They provide
quite satisfactory service to most peo-

| ple in fair-signal areas, and—if they

had a few more service adjustments—
would go a long way toward the de-
complexing of TV receivers.

These, the so-called gutless wonders,
can even incorporate color facilities
and still not have as many parts as a
lot of the other makes have without
them. And when those others incor-
porate color in addition to the mess al-
ready there, another chassis will be
needed to contain the mess. The serv-
ice technician may then throw up his
hands in dismay—not to mention what
else he may throw up.

The average TV set owner is now be-
coming aware that the table model is
more desirable than the cumbersome
console. First, because he may want to
move it about occasionally, and second,
because he knows that—at the present
stage of (im)perfection at least—he
will have to have it repaired at times.
He also knows that if he can take it to
a repair 'shop, it will be less expensive
than to have a “specialist” call, take
apart a complicated combination, and
remove the chassis to his laboratory for
a highly technical diagnosis, with the
added expense of a return call and the
reassembly of the set in the home.

Will this trend affect the manufac-
turer, or must the service technician
boycott the makers of such complicated
monstrosities and refuse to service their
nightmares? It seems apparent that
some manufacturers consider only the
making and selling of their sets, with
little regard to what happens after they
have disposed of them. Let the suckers
who buy them worry about that!

But it is the unhappy service techni-
cian who gets the rough time when he
is expected to make the monstrosities
work and perform in accordance with
the claims put forth by the manufac-
turer and the dealers who peddle things
they themselves know nothing about—
and don’t ever want to see again!

Even with the best of parts, careful
connections and skillful workmanship,
troubles can—and do—develop. Why
increase the probability by the addition
of many more—and such unnecessary—
parts?

My hat is off to the gutless wonders
—the less-complicated TV receivers.
Let’s have more of them!

OLE B. RITCHEY
Metz Radio and TV Clinic
Metz, Indiana

RADIO-ELECTRONICS
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No matter what antenna type is your favorite,

TRIO now makes it—in better quality construction and at lower cost!

This is possible because TRIO has installed its own tube mill, added

the most modern tool and die department, built a new production plant

—and manufactures its own components. TRIO can thus control pro-

duction and offer higher quality and better performance at substantially
lower prices.

You are assured of fast delivery too, because TRIO now owns and
operates its own trailer trucks, the most modern fleet in the industry.

See your jobber or write for the new TRIO catalog. It describes the
most complete line available.

TRIO 22V

TRIO FDLH TRIO C44

TRIO UBT-1 TRIO 5Q-2 TRIO 88-2

- / 4
| w0 sv-2 T g
TRIO 52 : s
TRIO 66-2
" 3 .
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(advertisement)

GET THIS BOOK FREE! . . .

your future in

the new world of (T~ ; S
ELECTRONICS =

-

APHOLRAGHY INGINIEMNG 1STITUTE « WASHINGTIGH 1.\ G
s

and you open the door to the

higher earnings and job security,

waiting for you in the

TREMENDOUS TV-RADIO
ELECTRONICS INDUSTRY

CAPITOL RADIO ENGINEERING INSTITUTE

An Accredited Technical Institute Curricula. Founded in 1927.

| |
' |
| 3224 16th Street, N.W. Dept. 148-A Washington 10, D.C. :
: CHECK O Practical Radio Enginc.cringl |
| _se"‘tlh boNoklet “;‘Y;)‘;.lr iF’-ll;l“re FIELD OF O ?Tv}lolrfdfl'gi;t) Radio Engineering (AM, I
[ A O ROt ece O Practical Television Engincering

I tronics” and course outline, CRESIES] O Aeronautical Radio Enginecring |
I INTEREST O TV, FM & Advanced AM Servicing |
1 |
N L e R S WU = S S e Check : |
! {J Residence I
[ Street! e wervmsseremr s School ]
| O Veteran I
| City. Zone. State. I
[l S S S el P T S M = S S SR R S T T -
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WHAT PRICE WILL YOU put on this
book? $1? $5? $100? $1,000? Per-
haps nothing? It has been worth
thousands of dollars to some who have
sent for it. It has upgraded thousands
of careers in the booming, tv-radio-
electronics industry. We would like to
send it to you. It is free, and there is
no obligation. It is called “YOoUR FUTURE
IN THE NEW WORLD OF ELECTRONICS.”

In this factual, colorfully illustrated
book you will see where you belong in
the mushrooming electronics industry.
You will see exactly how you can carve
out a big job for yourself. You will see
a practical, proven plan for getting a
better job, better pay, security, satis-
faction and success.

This information was compiled by
authorities who have worked, and con-
tinue to work closely with some of
America’s most important electronics
companies. We know what they want
and need. We know what they expect
from you, and we know how you can
make yourself what they expect you
to be.

The electronics industry is desperate
for men—thousands upon thousands of
men to fill the many vacancies brought
about by phenomenal industry expan-
sion.

Take television for example.

Already there are 381 tv stations on
the air in 251 cities. Many more are
under construction or on the drawing
boards. Already there are 30,022,188
tv sets in use, in 60% of America’s
homes. Even when all homes get tv,
there is the huge practically untapped
market for “that second tv set,” in
each home. Color tv is coming into
view! But tv is just a fraction of the
picture.  Electronics touches every
phase of modern living—crime preven-
tion, fire-fighting, public transportation
—and thousands of well-trained men
are needed to fill jobs in the manufac-
ture, testing, servicing of equipment—
as well as in broadcasting and tele-
casting.

Unquestionably, this is the field that
promises you the kind of career and
way of life you want. Our book, “Your
FuTure IN THE NEwW WORLD oF ELEC-

TRONICS,” tells you at no cost to you,
how you can really get ahead in this
multi-billion dollar industry.

What 4s such a book worth to you?
The thousands of dollars you may earn,
over and above what you can now look
forward to? The many dollars you
might spend in time and money to find
out from others how to get ahead?
It’s certainly worth the two minutes it
takes to fill out and mail the coupon
below. Put your own value upon it
after you have read it. It is yours free,
with no obligation. When you begin
reading “YOUR FUTURE IN THE NEW
WorLDp OoF ELECTRONICS,” you will be
taking the first big step in your march
to good pay, job satisfaction, and career
security—all yours in the rapidly
expanding world of television, radio,
and electronics. Act today.

RADIO-ELECTRONICS
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DISCOVER EXTRA SALES. ..
EXTRA PROFITS...
EXTRA SATISFACTION...

... and, when you get behind this 8-Ball you're back-
ing a real winner! Ward‘s famous 8-Ball auto aerials are
styled for beauty . .. engineered to assure best radio reception
.. . designed for easy installation from the outside. Ward of-
fers eye-catching wire display racks, envelope enclosures and
hand-out pieces . . . all planned to help you win extra sales

and extra profits.

The end label on every new Ward TCF-3B or
TCF-3C 8-Ball carton is worth money to you. Save
them and get this valuable, hole saw abso-
lutely free. This saw will make it easier for you
to install 8-Ball aerials . . . and faster, too.

Send us only 20 labels from Ward’s
8-Ball cartons and we will send
you this top quality hole saw,
made to fit any %" drill. It's a
real time saver!

Ask your jobber for
complete information

g

AUTO AERIALS

Vop Cowl or Fender
Mount

MODEL TGF-3C
EIGHT BALL

3 Sections — 56*° Extended
(No Lead-In Extension Required
For Fender Installation}
$4’° WARD Lead-In,
Bayonet Adapter Included

R |

' e 7
Conadian Distributor:
Atlos Radio Co., Ltd.
I Yoront, Canada
: PRODUCTS CORP.

Division of The Gobriel Co. * 1148 Euclid Ave., Clkeveland 15, Ohio
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SCIENTIFICALLY DESIGNED...

Scientifically designed to give top
performance, Philco television antennas are
products of extensive research into receiver
requirements in all types of locations. Field

proper gain, directivity, bandwidth and im-

pedance . .. long life and ease of installation.
Now a wide choice of Philco television antennas
give you better picture quality...build complete

tested electrical and mechanical designs provide customer satisfaction . .. more sales for you!

PHILCO ALL-CHANNEL UHF-VHF TROMBONE

L ANTENNA: The ideal antenna for areas having

both UHF and VHF stations. The Philco

= Trombone can be stacked for VHF fringe area

;4 use. Completely pre-assembled at the factory

. all-aluminum construction with dowelled
elements: Part No. 45-1880.

e

PHILCO TWO-BAY SUPER CONICAL ALL-
CHANNEL ANTENNA: Strong signal pickup
on VHF channels 2 through 13, UHF channels
14 through 83 .. ideal reception in fringe
areas ... all-aluminum: Part No. 45-3096-2.
Fringeareasinglebaydesign: Part No. 45-3096.

(\\\\\ ")

, "puuco/r':sss/",
|M}ROVE‘\THE
PERF\ORMANCE OF
~._/ ANY TV OR

PHILCO PARAFLECTOR ALL-CHANNEL UHF
ANTENNA: Pre-assembled, all-aluminum . ..
8 db to 10 db gain . .. outstanding fringe area
performance . .. immediate mounting on exist-
ing masts: Part No. 45-3071. Bow Tie, Part
No. 45-3069 and Bow Tie with reflector, . /
Part No. 45-3070 provide top quality pictures
in many UHF areas.

24 - RADIO-ELECTRONICS
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e

PHILCO VHF "'V

. ANTENNA: Adequate ‘\

reception on all VHF

channels in most lo- \

calities . . . heavy \ [
chrome plated three- : /
section brass tubing .

.. . weighted plastic \

base holds antenna

fully extended in any \
direction: Part No.

AD-2643. Also avail-

able with aluminum

tubing “V’’: Part No. . =
AD-2643-1.

PHILCO TWO-BAY VHF
LOW BAND YAG! AN-
TENNA: 10 elements .
all-aluminum . . . factory
pre-assembled. Top per-
formance on channels 2
through 6 ... 13 db to
15 db gain on various
channels.Single bay Part
No. 45-3112-2 through
6. Stacked version uses
stack-harness Part No.
45-3267.

PHILCO BROAD BAND
VHF YAGI ANTENNAS:
All.aluminum, factory
assembled for quick in-
stallation . . . high gain
plus adequate band
width. Three broad
band models cover
channels 2t06...4,5,
6 ... or 7 through 13:
Basic Part No. 45-3112.

PP T

PHILCO MODEL P-4: Supports
antenna installations weighing
up to 150 pounds...com-
pletely weather sealed ... fac-
tory lubricated for life ... uses
4-wire rotor cable... modern
direction meter control cabi-
net: Part No. 45-1974.

PHILCO HIGH BAND
VHF YAGI ANTENNA:
Pre-assembled, all-
aluminum, 10 elements

. high gain in fringe
areas on channels 7, 8,
9,10,11,12,0r 13 ...
10 db to 12 db gain on
various channels . . .
eliminates co-channel
station interference:
Part No. 45-3112-7
through 13.

PHILCO GOLDEN YAGI
UHF ANTENNA: De-
signed for 300 ohm

operation . . . all steel
construction . . . 11 db
to 12 db gain on various
channels . . . “Cronak”
coated components re-
sist salt air . . . humidity

. . . six models cover
entire UHF spectrum:
Basic Part No. 45-1996.

-

PHILCO MODEL P-11: Easily
handles two-bay arrays ...
mounts on masts up to 13§’ in
diameter . . . accurate direction
control . . . heavy duty motor

. streamlined design .. . uses
4-wire rotor cable . . . modern
direction meter control cabi-
net: Part No. 45-1994.

A complete line of powerful Philco TV antenna rotors as low as $39.95

ACCESSORY DIVISION

‘*A'" AND ALLEGHENY AVE. - PHILADELPHIA 34, PA.

AUGUST, 1954 25
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In a quiet room at Bell laboratories an engineer scales off the distance
between two condenser microphones during a calibrating test. Able to
measure air pressure variations of a few billionths of an atmosphere, such
microphones play a crucial role in the scientific study of telephone instruments.

Those small cylinders facing each other
are condenser microphones—measuring tools
that play a vital part in making your tele-
phone easier to hear and talk through.

They are being calibrated by an engineer
at Bell Telephone Laboratories to give ex-
tremely accurate information on the kind of
sound your telephone company handles.
Armed with these vital fundamental data on
what sound is, Bell Laboratories scientists

BELL TELEPHONE LABORATORIES

Improving America’s telephone service offers careers for creative men in scientific and technical fields.

SOUND STEPS ON THE SCALES

devise the instruments and equipment that
transmit it best.

At Western Electric, manufacturing unit
of the Bell System, a condenser microphone
“listens” as your ear would listen to every
telephone before it goes into service. The
condenser microphone is but one of many
precise tools that Laboratories scientists
have developed to make telephone service
better and more economical.

RADIO-ELECTRONICS
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uere's vour BIG OPPORTUNITY!

TELEVISIO

TECHNICIANS EARN BIG PAY

M.A.
President: Radio- Television Training Association
Executive Director:
Pierce School of
Radio & Television

CIVM.IANS‘ VETERAN

I PREPARE FOR A BRIGHTER FUTURE AS A TV TECHNICIAN
needed...I'l Keep your present job while | prepare you AT HOME, using the
' AT same successful methods that have helped hundreds of men—many
rain you with no more than grammar school training — master television!
HOME in your

ENOUGH EQUIPMENT TO SET UP YOUR "HOME LABORATORY ]

SPARE TIME! As part of your training, I give you ALL the above equipment you

. need and more 10 prepare for a BETTER PAY TV job. You build

Earn while and keep a professional GIANT SCREEN TV RECEIVER com-

plete with big picture tube, takes any size up to 21-inch. .. also

you learn! a Super-Het Radio Receiver, RF Signal Generator, Combination

Voltmeter-Ammeter-Ohmmeter, C-W Telephone Transmitter, Pub-

lic Address System, AC.DC Power Supply. Everything supplied
including all tubes’

EXPERT FM-TV TECHNICIAN TRAINING ! BYSSEIVE oVD RSt

Course can save you months of training if you have previous
Armed Forces or civilian radio experience! Train at home with
kits of pares, plus equipment to build BIG SCREEN TV RE-
CEIVER, and FREE FCC Coaching Course! ALL FURNISHED

AT NO EXTRA COST
MY SCHOOLS FULLY APPROVED TO TRAIN VETERANS
under new G.I. bill! If discharged after June 27, 1950 (OACHING (OURSE‘ Important for BETTER PAY
— CHECK COUPON' Also approved for RESIDENT OBS requiring FCC License. You get this training AT HOME
TRAINING in New York City at Pierce School of  and AT NO EXTRA COST.Top TV jobs go to FCC licensed

experlence

VETERANS!

Radio and Television - .. qualifies you for full sub- technicians.
sistence allowance up ‘0 $160 per month. Write NEW! PRACTICAL TV CAMERAMAN & STUDIO COURSE @ T a1 T R a1t
for deuails. previous rad:o V training) train you at home for an

exciting high pay job as the man behind thc TV camera. Work
with TV sears in TV studios or “on location™ at remote pick-ups!
A special one-week course of practical work on TV studio equip-
ment at Pierce School of Radio & TV, our associate resident
school in New York City, is offered upon your graduation.

(A7 YR I I A A T give you the latest principles and

practical training in TV COLOR!

WARNING!

ALL VETERANS DISCHARGED BEFORE AUGUST 20, 1952, must be
enrolled and IN TRAINING by August 20, 1954.  Otherwise you lose
your G. I rights to a free education under NEW G. I. BILL! Don't
put it off .. . time is short! RUSH COUPON BELOW, Tell your
ex-G. |. friends!

ou cetall 4 FREE! : /l////////m,,...//

MAIL THIS COUPON NOW! No Salesman Wlll CaII!
Almost from the very

lm”,,,

start you can earn extra money wh'lle learning, repairing B Mr. Leonard C. Lane. President -
Radio-TV sets for friends and neighbors. Many of my RADIO-TELEVISION TRAINING ASSOCIATION
students earn up to $25 a week. .pay their entire B 52 East 19th Stceet, New York 3, N. Y.Dept.R-8B [ ]
training from spare time earnings... start their own B Dear Mc. Lane: Mail me your NEW FREE BOOK. ]
profitable service business. Act now! Mail coupon and F}FEE SAhthLE LESSON, and FSBE a?’ﬂg‘“{.ﬁ%‘

d for yourself whas a TV career can do for you! B show me how 1 can make BIG NE P e -
find out 7 Y VISION. 1 understand I am under no obligation
OPTIONAL: TWO WEEKS TRAINING IN NEW YORK CITY. | and no salesman will call. ]

(PLEASE PRINT PLAINLY)
(ALY eI MO MY ou get two weeks, 50 hours, of = -
intensive Laboratory work on modern electronic equip- ™ Name AGE =

ment at our associated school in New York City — ADDRESS

Plilerc;. SCXEI)‘OIN% RI;\;EI?szxdcgesl;visiﬁn. And 1 gfive you B an ZONE STATE [ |

all this whatsoever, after you .
finish your home study training in the Radio-FM-TV . O Radio-FMI.TAVMTle?hE'iEcI?EETED "::I'ETERANS! .
Technician Course and FM-TV Technician Course, B Course Check here (f!or ]

3 FM-TV Technician Course Training under
RADIO-TELEVISION TRAINING ASSOCIATION 0 TV Cameraman & Studio NEw G.I. Bill [l
52 EAST 19th STREET, NEW YORK 3, N. Y. Course

Licensed by the State of New York o Approved by the VA EEEEEEEEEEEEN ‘
AUGUST, 1954 27
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EICO GIVES YOU ALL THREE!

" VER\‘ORN\P‘“C

EICO guarantees you can build any EICO KIT
—and save 50%.

Laboratory Precision at Lowest Cost in the
Industry!

425K 5 PUSH-PULL OSCILLOSCOPE KIT $44.95
WIRED $79.95

Feature-packed,
EICO exclusive! Tens of thousands in use!

Push-pull Vert. & Hor. amplifiers.
High V & H sens.: 0.05-0.1 rms v/in.
V & H response: 5 cps—500 kc.
Useful to 2.5 mc.

Sweep: 15 cps—75 kc.

Z-axis intensity modulation.

Direct connections to CRT plates
Tubes: 2-6J5, 3-6SN7, 2- 5Y3 & CRT

470K 7”7 PUSH-PULL OSCILLOSCOPE KIT $79.95 WIRED $129.50
America’s greatest big-scope value—sets a new high for sen-

sitivity at wide bandwidth!

® Vert.: flat +2 db 10 cps—1 mc, .01 rms v/in.
® Hor.: flat 10 cps—200 ke, —4 db at 500 ke, .3 rms v/in,
[ Sweep 15 cps—100 kc.

NEW! 232K PEAK-to-PEAK VTVM with AC/DC UNI-PROBE.
KIT $29.95. WIRED $49.95.

® Measures directly p-p voitage
of complex & sine waves: 0-4,
14, 42,140, 420, 1400, 4200.

® DC/RMS sine volts: 0-1.5, 5,
15, 50, 150, 500, 1500 (up to
30,000 v. with HVP probe, & 250
mc with PRF probe).

® Res.: 0.2 ohms to 1000 megs
in 7 ranges.

® DC I(nput R:
precision ceramic multipliers.
412" meter. UNI-PROBE: Only 1
probe performs all functions—a
=== half-turn of probe-tip selects OC
or AC-OHMS! (Pat. Pend.)

221K VACUUM TUBE VOLTMETER

IT $25.95, WIRED $39.95.
e AC/DC voits: 0-5, 10,
100, 500, 1000 (up to 30 000
v. with HVP probe, to 250
mc with PRF probe, & peak-
to-peak with PTP probe).
® Res.: 0.2 ohms to 1000
megs in 5 ranges.
® DC Input R: 25 megs.
® Large 4v2” meter, can't-
burn-out circuit.
® 1% precision ceramic
multipliers.

11 megs. 1%

i

1050K 6V & 12V BATTERY ELMINATOR & CHARGER
KIT $29.95. WIRED $38.95.

® 2 DC ranges: 0-8v (10A
continuous, 20A intermit-
tent); 0-16V (6A continuous,
12A intermittent).

® Continuous voltage ad-
justment: variac-type trans-
former.

® Separate voltmeter & am-
meter.

performance proven, economy- -priced — an

EiICO guarantees FINEST QUALITY COMPOQ-
NENTS, checked by stringent quality control
tests.

320 SIG. GEN,

KIT $19.95, WIREO $29.55.
® Fundamentals 150 ke to
J4 mc, calibrated harmonics
to 102 mec.
® Pure or modulated Rf, &
Colpitts oscitlator 400 cps
sine outputs.
® Vernier knob tuning.

322K SIG. GEN.
KIT $23.95. WIRED $34.95,
® As above, plus individual

calibration of each of its 5
bands.

360K TV/FM SWEEP GEN.
KIT $34.95. WIRED $49.95.
® Covers all VHF TV/FM
channels & fregs.: 500 kc—
228 mc on fundamentals.
® Continuous sweep width
control, 0-30 mc.
® Crysta! marker oscillator.
® Variable phasing of 60
cps output.
® Precision 5 mc & 4.5 mc
crystals, $3.95 each.

145K MULTI-SIGNAL TRACER
KIT $19.95. WIRED $28.95.

® Audibly signal traces ail

o IF, RF, video & audio from
p ANT to SPKR or CRT without

f 3 switching.

15 p ® Germanium crystal diode

'-’79 response well over 200 mc.

® 5” test speaker.

147K OELUXE MULTI-SIGNAL TRACER
KiT $24.95. WIRED $39.95.

536K MULTIMETER
KIT $12.90. WIRED $14.90

®1000 ohms/v.; 31 ranges.

® DC/AC voits: Zero to 1, 5, 10,
50, 100, 500, 5000.

10 ma;

th 79‘5/2 WIRED $39: . I ,DCI:/IA\\.C current: 0-1,
ﬁ'cH $23.9 12 WIRED $17.9> ® Ohms: 0-500, 100 K, 1 meg.
KIT 8% 20200,000 €9 526K MULTIMETER
pI0 GEN KIT $13.90.  WIRED $16.90.
95 ® As ab but with 1% pre-
KT $19 As above, w ]
ARATOR cision resistors.
CcOMP s i ) ohm
0-99,999 4.95.
ce BOX (Ooen $2 100 352K BAR GENERATOR
RES\S)TQ‘? 19.951&‘ eyt 1;‘9"“ it KIT 51495, WIRED $19.95.
nSER BOX (00 T WIRED ® Easy rapid adjust-
wracy) KT ST 110N BOX ment of TV V & H
ace! £ suBsSTITUTIO 0 1ReD $9 linearity without sta-
STANCE S\ 77 550 Wi I°7 0 tion-transmitted test
‘"aﬁ}mmﬁﬂ (SlR";‘r:ZL rattern VHF oscl atr,j,
L ut any channel be-
and 1 OUtP . tween 2 & 6
ith on resistors: ® Adj. RF 0s¢. & LF
RED $ but with 1% precist L YOKE > i, RE ose. & L
556K As 2DOVE: TigED $23 50. AT TRANSFON\E 95 ate V & H bars.
Kt $16 ALK F

625K TUBE TESTER

KIT $34.95. WIRED $49.95.

® Tests all conventional
and TV tubes.

® Lever-action switches
for individual testing of
every element,

PIX TUBE ADAPTER for
Tube Testers $4.50.

wii’ ® Checks TV picture
« tubes while in set.

630K CATHODE RAY TUBE CHECKER

KIT $17.95. WIRED $24.95.

@ Checks all TV plcture
& C.R. tubes in set or
carton.

® Detects shorted &
open elements.

@ Measures peak beam
urrent (proportional to
screenbrightness)—read-
ing directly in terms of
tube condition.

565K MULTIMETER KIT $24.95. WIRED $29.95.
® 20,000 ohms/v.; 31
ranges.

® DC/AC Output volts: 0-2.5,
10, 50, 250, 1000, 5000.

® OC current: 0-100 ua; 10,
100, 500 ma; 10 A.

® Ohms: 0-2K. 200K, 20
meg.

§55K MULTIMETER
$29.95, WIRED $34.95.
® As above, but with 1%
orecision resistors.

KIT $39.95. WIRED $59.95.

® 1% accuracy on ail 7
= ranges.
|4 @ Frequency: 75 ke to
! 150 me.
® Output: over 100,000
uv.
® Vernler anti-backlash
tuning.
® VR tube stabihzed
power supgly fuily
shielded chassis.

@ 400 cps modulation;
provision for ext. mod.
Separate Assembly & Operating Manuals
supplied with each EICO KIT! SAVE
OVER 50% — See the famous EICO line
TODAY, at your local jobber. Write

315K DELUXE SIG. GEN.

NOW for FREE latest Catalog C-8

©54

ELECTRONIC INSTRUMENT CO. INC., 84 WITHERS ST., BROOKLYN 1I, N. Y.
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Editor

Hugo Gernsback,

ROCKY ROAD TO SUCCESS

« « « Employment of specialized technicians is a complex undertaking . . .

HE two editorials “Wanted: Technicians” (February

1954 and “Specialization” April 1954) were respon-

sible for a great deal more mail than any other two

editorials this magazine has ever printed. From the
vast volume of this correspondence, we have picked a few
letters and are printing excerpts from them here merely to
show the great variety in responses on the subject.

The letters themselves provide perhaps some of the best
answers—better ones than we could have supplied ourselves.
Evidently many readers did not see eye to eye with us on
a number of points, which is not surprising because of the
complexity of the subject itself. Then, too, readers of
necessity have their own viewpoints and their own experi-
ences. All this makes for great diversity in opinion.

One point, however, struck us forcefully when reading
the many letters, and that is that few of the correspondents
paid much attention to the presentation of their problems
to would-be employers.

Unfortunately, today when large companies must sift
personnel applications, employment managers are uncon-
sciously influenced by many things. Automatically, the
reviewer picks out the clearest, the best-written, and the
neatest applications, often giving them preference. Employ-
ers are only human. When going through hundreds of let-
ters, they have little patience to wade through poor, ill-
written presentations. Many technicians, engineers, and
others—and we know this from our own experience—spend
little time with their applications.

One would think that when a $5,000 or $10,000 job was
at stake, the applicant would secure the best talent to
prepare the finest presentation that money could buy.
This is rarely the case. Many applications are hand-written
on a poor grade of paper, and even if they were typewritten,
they are not too clear. Inevitably, such letters get little
attention. In these days of competition, it is necessary for
the applicant to fight and battle all the way through. Even
if he calls in pevson, he still should have a well prepared
application for record purposes.

Here is a true anecdote, very much to the point, which
shows what we mean:

A clever mechanic in vain made the rounds of all fac-
tories in town. Undismayed, he had his wife type all his
qualifications on heavy parchment sheets. These were
bound into a thick cover book. He wrapped it carefully,
then packed it in a 3 foot barrel and sent it to the biggest
plant employer in town. The mechanic is now the assistant
to the president.

Even after a job is landed, this is only a beginning.
How well can you adapt yourself to your fellow workers?
If you want to go ahead fast, the job is only a stepping-
stone. You must do much more than merely hold downm a
job; yvou must impress your employers day in and day out
by acts, suggestions, and otherwise that you look for much
more than just holding down a position. Unfortunately,
often the most excellent technicians don’t do this. They do
only what they are supposed to do—not one iota more. Then
at the end of the year, they wonder why they do not go
ahead. Being a good or even exceptional technician or
engineer means nothing at all if this fact is not communi-
cated to the management. No one can do this except the
technician himself.

Now, let us turn to our correspondence. For lack of
space the entire letter could not always be printed, but
the substance in each case will be found intact.

AUGUST, 1954

Editor, Rap10o-ELECTRONICS

(1) “Your article, ‘Specialization,’ in the April issue of RaDIO-
ELECTRONICS is well worth reading a second time. I believe it
may influence my decision to this important question: ‘Shall I
return to the campus to pursue a Master of Science degree in
Electrical Engineering? Can you advise me in making this
decision ?

“Upon receiving a Bachelor of Science degree in Electrical
Engineering in 1952, I was commissioned in the United States
Navy. Since then, I have graduated from the Navy Electronics
Material School at Treasure Island, California, and served as
Electror]lcs Repair Officer on one of the escort carriers. I expect
to continue to work with electronies until January 1955, my
date of release from active duty.

“Since my senior year at the University of New Mexico, I
have had a number of job offers from leading engineering concerns.
The salaries have varied—all attractive. I have been advised
to return to the campus by some of their spokesmen and to start
to work immediately by others. Presently, I am undecided, but
I feel that I should commence specialization by working for a
Master’s, regardless of the field I finally choose.”

Roland L. Cooper
Alameda, California

Answer: We certainly would recommend working for a
Master’s degree. In electronics, you can never have too
good an education.

Editor, Rap10-ELECTRONICS

(2) “Thanks for your words in the April issue of RaDIO-
ELECTRONICS. I am one of the mediocrities—but striving.

“I was riding high (I thought) as a supervisor of test operations
of the production-line output of electronic devices at Hughes
Aircraft, Culver City, California. Then, for family health reasons,
we came to Tucson, Arizona. I was transferred to a job here at
Hughes as Maintenance electrician. For nearly a year I fought
the ‘lowly’ position. Suddenly I discovered that I didn’t know
much about all the devices which are my responsibility. Strange
electronic control devices all about me and I was erying about
the lack of opportunity to pursue my chosen profession.

“When I was discharged from the military service in 1945, I was
handed s booklet which supposedly described my abilities as
Chief Radio Technician, U.S.N.R. If today, after intervening years
of study and experience, I really had all those qualifications, I
believe I would be much closer to being an advanced specialist.

“Sir, it seems I am expending a good deal of energy. However,
there is so much to know that many times I wonder if it is properly
channeled (the energy). I have met no man in the field who can
but rate your editorial as a challenge of the highest order.”

D. B. Hatchett
Tueson, Arizona

Answer: Your letter is self-explanatory. In our opinion,
more study is needed, plus a little push on your part to move
ahead to the position to which you are entitled.

Editor, Rapio-ELECTRONICS

(3) “Being neither summa cum laude nor genius, my efforts
shall perhaps go unread and, without doubt, unpublished.

“To begin with, perhaps it is an idiosyncrasy of the genii to
ridicule those who are not similarly endowed, but, as Ben Franklin
would have it, the stature of a man’s character is judged by the
company he keeps or competes with. By publishing the letter of
an overzealous young man, you have accomplished nothing other
than to point out the fact that youth is usually ignorant of:
success is rarely attained through prescribed dosage of the so-
called authorities, but is something that comes through years of
experience and effort. As the most prolitic inventor of our time
has said, genius is more perspiration than inspiration.

Your conception of a specialist is somewhat incompatible with
the term as it is generally understood, and is surely a mis-
nomer of the person described. I seriously doubt that anyone
can attain ‘a thorough understanding of all phases of electronics.’
It is possible to spend a lifetime studying and designing power
supplies alone and leave many a stone unturned.

Wayne Dowd
West Covina, California

Answer: Correct. Hardly a man alive can master all the
intricacies of every phase in electronics. But many men, in
specialization, can learn a great deal about certain special-
ized jobs in certain electronics industries, in our opinion.

(Continued on page 122)
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TEST INSTRUMENTS

JUNCTION TRANSISTOR CHECKER

Varying transistor
characteristics make
this an especially
useful instrument

VERY transistor owner needs
some quick, convenient way of
checking its performance charac-
teristics occasionally. This simple,
inexpensive instrument will do the job.
For about $6 worth of parts and a few
hours of labor, anyone can build it.

Because individual transistors vary
tremendously in their initial character-
istics, a transistor checker is far more
mmportant to transistor circuitry than
tube testers are to vacuum-tube circuits.

A type number is given to a tran-
sistor when it falls within certain
maximum and minimum values called a
production spread. This spread, for
practical reasons, is large. Production
techniques for maintaining rigid, uni-
form characteristics have not been de-
veloped. Often, the better transistors—
with high current gain—are selected
from a production run and given one
type number while the lower gain units
are given another. High-gain transis-
tors are thus picked and marked for
sale at a higher price.

Data sheets for lower-price transis-
tors usually give only an averaye value
of current gain without specifying any
minimum. This is a “pig in a poke”
situation where the buyer cannot be
very sure about the quality of what he
is getting.

Of two similar transistors purchased
“off the shelt” one may operate well
into the megacycle region; vet, the
other may be good to only a few kilo-
cycles. The purchaser of transistors
must recognize these facts and realize
that they exist even in brand new units
that have never been connected to a
circuit. The experimentor will find it
highly advisable to measure the gain

30

By EDWIN BOHR

of his transistors even before they are
put into service. By doing this he can
then reasonably judge the capabilities
of the transistor and thus use it in
circuits where it will perform most effi-
ciently.

Adding to these initial unit-to-unit
variations are the changes caused by
the transistor’s electrical and physiecal
environment, such as excess humidity,
careless overheating, and exceeded rat-
ings. Wrong socket insertion, the surge
of a charging capacitor, and excess
supply voltage are just a few of the
things that can cause harmful changes
or permanent transistor damage.

It is a good idea to keep a record of
a transistor especially when it is used
in different circuits. An occasional gain
check can reveal any transistor damage
and isolate the cause.

Current gain

Current gain is the most useful
single transistor measurement. This
gain varies with the transistor’s type
of operation. For grounded-base opera-
tion, the current gain is termed alpha
and is always less than 1 but ap-
proaches 1 for the junction transistor.
Alpha is the ratio of collector current
change to emitter current change for a
fixed collector voltage. This is some-
times referred to as the short-circuit
gain since it does not take impedance
change into account. Manufacturers
usually express the gain of their
transistors in terms of alpha.

However there is another term that
expresses current gain for grounded-
emitter operation. This grounded-
emitter gain is called beta and bears a
simple mathematical relation to alpha.

wwWwW americanradiohistorv com

The calibrated balance-control dial.

If you know one you can easily find the
other.

While alpha is always a decimal
fraction less than 1, beta is expressed in
small numbers greater than 1. With the
beta measurement it is possible to
glance at the gain and quickly know
just how much better one transistor is
than another. Alpha is not always so
obvious. For example, how much better
is a transistor with an alpha of 098
than a transistor with a 0.94 alpha?

The meaning and relationship be-
tween alpha and beta can be seen by
observing the electron flow in the
grounded-eniitter and grounded-base
circuits. These two circuits are shown
in Fig. 1.

Suppose, as in Fig. 1-a, a signal
change of 1 ma is applied to the emitter
and this produces a 0.95 ma change in
collector current. Alpha then must have
a value of 0.95 because it is the change
of collector current divided by the
change of emitter current. Since the
current flowing into a point must equal

RADIO-ELECTRONICS
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LINE CORD

T BATTERY

the current flowing out, the base cur-
rent change is 0.05 ma.

If the same transistor is connected
as a grounded emitter, a 0.05-ma signal
applied to the base will create a 0.95-
ma collector change. The gain in this
case is the change in collector current
divided by the change in base current.
This is the beta gain, and it has a
numerical value of 19 for this transis-
tor (Fig. 1-b). It is this gain that the
checker measures.

The arrows in Fig. 1 indicate elec-
tron flow to the connections of a p-n-p
junction transistor. Delta (A) means “a
small change of,” and the numerical
relation of alpha to beta is: B liA
Circuit

The junction transistor checker is a
“null balance” instrument that meas-
ures the current gain by comparing the
transistor input and output signals
(Fig. 2). The circuit is simple and its
accuracy is limited mainly by the care
with which the balance dial is cali-
brated and the accuracy of R1.

A 60-cycle signal is applied to the
transistor base through RI1, R4, R5,
and Cl. The emitter is grounded to
point A, the neutral point for the
checker. Capacitor Cl1 prevents the d.c.
bias on the base of the transistor from
flowing into the measuring circuits. The

*— |MA

~<— 35MA

GNDED BASE

GNDED EMITTER
ALPHA:%:L:.% sm:% =19
3 Aly
. ALPHA _ 95
BETA s APan” =95

a

Fig. 1—Basic operation of the grounded
base and grounded emitter circuits.

AUGUST, 1954

TRANSISTOR

input signal is provided by a small
stepdown transformer T1.

The signal to the base is called “con-
stant current” because the high values
of R4 and R5 almost completely de-
termine the signal current flowing
between the base and emitter termi-
nals. The base-to-emitter resistance can
vary from zero to several hundred
ohms without appreciably affecting the
transistor signal current.

Signal current flowing in the emitter-

Parts list for transistor checker

Resistors: 3—100,000 ohms, /3 watt; 1—5000 ohms,
1% (precision); 1—1,000 ohms, potentiometer (linear).
Miscelloneous: |—.02-pf, 1—.05-pf, 600 volts, capac-
itors; l—stepdown transformer, 25,000 ohms c-t to
3-4 ohms; (Stancor A-3857); |—push-button switch,
normally open, s.p.s.t.; |—4.5 volt battery; I—power
cord: | transistor socket: |—chassis; terminals,
terminal strips.

L
NIVAC
-

%.Sv

AW
+
S‘} PUSH TO TEST
/

Fig. 2—The junction tfansistor checker
—a “null balance” instrument.
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Checker uses separate
transistor mounting
board. Battery is 4.5-
volt unit—3 flashlight
cells may be used.

base loop generates a small voltage
across R1 directly proportional to the
signal current. Thus the current is in-
dicated by the voltage generated across
R1.

Since quantities are compared in a
balance circuit, the absolute value of
the signal current is not too important
—the voltage from T1 may vary with-
out affecting the accuracy—but the
accuracy of the comparison standard
R1 is important. Resistor R1 must be
a 19 precision unit.

A d.c. bias current, larger than the
signal current, must be supplied to the
base for class-A operation. The 4.5-volt
collector battery supplies this current
through R3.

The changing base input signal pro-
duces a larger collector-current output.
This current flows through balance
control R2, generating an output
voltage proportional to the current.
The voltage across R2 is opposite in
phase to the voltage across R1. If they
are equal in amplitude, they will ¢ancel
and no signal difference will exist be-
tween points B and C.

To measure transistor gain some
null detector must be connected to the
checker — an oscilloscope or audio
amplifier will do—and R2 is adjusted
until the 60-cycle output is zero or
minimum. In this position the ratios of
R1 and R2 are in the same proportion
as the transistor input and output sig-
nals. The gain then can be read from
the calibrated balance control.

Construction

Almost any reasonable layout is suit-
able for the checker. The original unit
used breadboard type construction on
sheet bakelite (see photo). However,
this is not necessarily the best scheme
of things. Bakelite is sometimes expen-
sive and difficult to obtain.

The parts will fit under any 5 x 7
inch, or larger, chassis base. The termi-
nals and balance-control dial could be
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mounted on top. This probably would
be a good-looking and simple way to
assemble the parts. To keep the cost
of the transistor checker down, existing
components were used as much as pos-
sible. This was not too difficult to do
as most of the components consist of
standard parts.

Several transistor test sockets
mounted on bakelite were already avail-
able, so these were used “outboard” and
connected to the checker by three short
lengths of hookup wire. Otherwise, it
might probably be more convenient to
mount the socket on the checker.

Since the socket is used frequently,
it is advisable to use the hearing-aid
5-pin socket. This type is considerably
more rugged than some of the currently
available sockets. The two unused pins
can be pushed out and the holes
plugged.

Step-down transformer T1 is an
output transformer with half of the
primary connected across the 117-volt
a.c. line and with the voice-coil winding
providing the test voltage. The trans-
former used matches 25,000 ohms plate-
to-plate center-tapped, to a 3-4 ohm
voice coil. Any brand of transformer
with similar specifications should be
satisfactory.

Filament transformers can be used
for T1 by changing the total value of
R4 and R5. The sum of R4 and R
should be 100,000 ohms for each volt
of the filament transformer. Thus, a
2.5-volt transformer would require
250,000 ohms.

Two components, R1 and R2, must
be chosen with care. Either a deposited-
carbon or metal-film resistor is satis-
factory. These resistors are nominally
rated at 1%, but the stock resistors
I checked all fell within %2 %.

Ordinary replacement carbon con-
trols should not be used for R2. How-

BETA AND BALANCE CONTROL

RELATIONSHIP
Beta R2 Setting
Value {ohms)
5 1,000
[ 833
7 714
8 622
9 555
10 500
A 455
12 417
i3 385
14 357
5 333
16 313
17 294
18 287
9 263
20 250
25 200
30 167
35 143
40 125
50 100
60 83.3
70 71.4
100 50.0
Infinity 00.0
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ever, molded composition potentiom-
eters such as the Ohmite type “AB” are
0.K. These controls cost more than
twice as much as radio replacement
units; but their superior characteris-
ties make the additional cost worth
while. Several mail-order houses stock
this type control.

Most wire-wound controls can be
used. Even the dollar-or-less wire-
wound controls are stable enough to
be dial-calibrated for R2. The wire-
wound laboratory potentiometers found
on the surplus market are excellent for
the checker.

Low checker impedances keep stray
60-cycle pickup problems to a minimum.
The leads to the oscilloscope can be
unshielded; and no shielding of any of
the checker components is necessary.
The ground terminal post from the
oscilloscope is connected to terminal 1
and the input wire of the scope goes to
terminal 2.

If the checker is built in a metal box
or chassis, the chassis should be
grounded to point A.

A television-type power connector is
used to connect the 110-volt input.
These TV connectors and cords make a
very neat and inexpensive power-dis-
connect for experimental and commer-
cial electronic equipment.

The collector battery can be any 4.5-
volt battery. Three flashlight cells in
series are also satisfactory.

Calibration

Beta markings on the balance dial
correspond to specific resistance set-
tings of R2. These values are given in
the table. The maximum resistance of
1,000 ohms is equal to a beta reading
of 5 since this resistance is % of R1.
Minimum resistance of course indi-
cates infinite gain.

One way to calibrate the dial is to
connect an ohmmeter and rotate R2 to
each of the resistance values in the
table. At each of these points mark the
beta value on a dial made from some
firm material that can be conveniently
marked on.

If the control is sufficiently linear,
the dial shown in the photo may be used.
Most experimenters will find this dial
sufficiently accurate for their particular
purpose.

Use of checker

Connect the oscilloscope, the transis-
tor socket, and the 117-volt a.c. plug.
Set the oscilloscope’s vertical gain to
maximum.

The horizontal deflection may be
turned off. This gives straight-line ver-
tical deflection, in which case the bal-

ance knob is rotated for minimum
deflection when the transistor is
checked.

Alternately, the horizontal deflection
may be turned on and the scope may be
synchronized with the line frequency.
This procedure permits observation of
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the signal waveform in the transistor
circuits. If the scope does not have a
60-cycle position on the sync switch, set
the sync selector to “external” and run
a jumper from the 60-cycle “test”
terminal to the external sync terminal.
Synchronizing the scope with the line,
rather than the internal signal, makes
the horizontal syne very stable and in-
dependent of both the phase and ampli-
tude of the vertical deflection.

|
T

SCOPE CONNECTED ~
TRANSISTOR NOT IN PLACE

1 b

SI CLOSED - DIAL SETTING
T00 LOW

SI CLOSED SI CLOSED
DIAL SETTING CORRECT DIAL SETTING TOO HIGH

¢ 4
Fig. 3—Oscilloscope test patterns.

While S1 is open, the oscilloscope
input floats and there is large 60-cycle
pickup from strays (Fig. 3-a). With
the transistor in place and S1 still
open, the stray pickup will be clipped
since the transistor functions as a
simple rectifier.

When S1 is pushed, the scope display
indicates how close to balance the
checker is. The patterns either side of
and at balance are shown in Figs. 3-b,
3-¢, and 3-d.

Because the signal from the checker
is in the order of millivolts, the deflec-
tions with S1 closed will be small but
large enough for use with even the
lowest gain scopes. Do not expect large
deflections.

If an oscilloscope is not available, the
output from the checker can be fed
into the microphone or variable-
reluctance phono input of an audio
amplifier. Rotate R2 until a minimum
hum level is heard. Do not use an
amplifier that does not have a trans-
former power supply.

To check n-p-n transistors, simply
reverse the connections to the 4.5-volt
battery. This is the only necessary
change.

A total of 13 new transistors have
been tested on the checker. The average
beta should be 9 according to the data
sheet. One transistor had a gain of 14,
while three units measured gains dan-
gerously close to 5. The remainder of
the transistors had betas of about 7 or
8. Of course it is not implied that this
was a representative group of transis-
tors; but it does point up the earlier
statement about variations that must
be expected. END
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Adding audio modulation to a

variable

marker

oscillator

By FRANK DiELSI

LOW-FREQUENCY oscillator to
modulate a variable marker
oscillator and act as an inde-
pendent source of audio will

greatly improve the usefulness and

FIXED 05C. ATK

7193 /72C22(3) 4K iy, 0

.00

effectiveness of television alignment
generator.

Although the circuits in this article
refer to the Heathkit TS-2 sweep
generator (Fig. 1), they can easily be
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Fig. 2—Schematic of calibrator.
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Two crystals are used—4.5 mec and 5 me.
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GENERATOR

added to almost any other generator to
increase the accuracy and versatility
of the instrument.

After installing the crystal marker
generator on the front panel of the
Heathkit TS-2 as described by Bruce
Morrissette in the January, 19563, issue
of Rap1o-ELEcTRONICS (Fig. 2), I found
that crystal markers could be put
to much better use in conjunction with
a variable marker oscillator by pro-
viding for modulation by an internal

audio tone or an external signal. The
instrument used originally had an
absorption-type marker. This type

marker is limited to fundamental fre-
quencies only, cannot be zero-beat with
the crystal markers, is not very distinet
on some portions of the response curve,
and it cannot serve as an independent
signal source for aligning individually
tuned ecircuits or traps.

By using the same coils and tuning
capacitors in the instrument, a circuit
similar to the Heathkit SG-7 signal
generator was added without seriously
affecting the original calibration (Fig.
3). The only coil changes necessary
were to change the coupling links to
3 and 4 turns on the high- and low-
frequency coils respectively. The two
trimmers C1 and C2 on the tuning
capacitors were turned out to compen-
sate for the capacitance added by the
6C4 oscillator tube, V2.

To carry the additional load of V1
and V2, it was necessary to change
the power supply. This led to the use
of voltage regulators to improve the
stability of the oscillators. By putting
current-limiting resistor R1 in the
negative leg of the power supply and
mounting the filter ecapacitor on an
insulating wafer, the voltage drop
across R1 became a convenient source
of a.g.c. substitution bias. This bias,
although not entirely independent of
large line-voltage variations, is inde-
pendent of the load changes on the
power supply and is satisfactory for
a.g.c. substitutinn. The bias voltage on
the stages being aligned has a con-
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siderable effect on the response curve,
and the manufacturer’s recommended
value should always be used. Having a
range of 0 to 45 volts, this negative
voltage may be used also as a cutoff
bias for the control grid of a receiver’s
horizontal output tube to eliminate the
pulse radiation from the high-voltage
supply that sometimes causes a series
of spikes to appear on the response
curve and its base line.

The power line cord was shielded
and a separately shielded line filter was
added to reduce the r.f. leakage from
the instrument.

Construction

The layout of the additional com-
ponents is evident from the photo-
graphs. The bias output control and
connector are mounted on the left side
of the panel, and the audio modulation
switch and connector are on the right.
The marker oscillator is separately
shielded. It is very important that all
the new parts be mounted securely
with lock washers to prevent loosening
caused by vibration from the sweep
motor. Bypass capacitors C5 and C6
should be grounded at a common point
with the tuned circuits and should go
directly to the tube socket of V2. The
wiring between V2, band switch S1, and
coils L1, L2, L3; and L4 should be as
short as possible.

Using the generator

When aligning a TV receiver with
a sweep generator and markers, it is
a disadvantage to use a wide-band
oscilloscope because the marker hetro-
dyne frequencies will be visible for
several megaecycles on each side of zero-
beat, distorting the alignment curve
and making it very difficult to spot the
zero-beat point. Since the alignment
curve is basically a 60-cycle square
wave, the oscilloscope response can be
limited to a few thousand cycles with-
out noticeably affecting the shape of the
curve, yet keeping the marker more
confined about its zero-beat position,
thus making it distinct and much more
easily recognized. The high-frequency
response of the oscilloscope can be tem-
porarily reduced by shunting a capaci-
tor of approximately .006 uf across
the oscilloscope vertical input terminals.

With some combinations of sweep
generators and oscilloscopes, the two
sweep curves cannot be properly super-
imposed, especially when using a nar-
row sweep for sound i.f. alignment.
This difficulty can be corrected by in-
stalling a d.p.d.t. switch, S2, to reverse
either the leads going to the sweep
motor or the ones feeding the phasing
network for the horizontal deflection
of the oscilloscope.

The 360-cycle oscillator can be used
to modulate the variable marker oscil-

Top—The modified Heathkit generator.

Center and bottom left—The top—and

underchassis views of the generator.
Bottom right—The r.f. line filter.
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SCOPE FREQUENCY COMPENSATION

OST lower-priced oscilloscopes,
including many of the scope
kits on the market today, have
vertieal amplifiers with ade-

quate frequency response— only if the
gain control is set to maximum position.
This drawback limits the usefulness of
the oscilloscope.

There are several methods of com-
pensating for this limitation. A sepa-
rate step-type attenuator can be used
in conjunction with the scope, or a
lower-resistance vertical gain control
can be substituted. The second method
reduces the vertical gain excessively
and the first means another piece of
equipment on the already too-small

By ELLIOTT A. McCREADY

workbench.

A self-contained vertical frequency-
compensated gain control seems to be
the answer to the problem, but such an
answer is not as simple as it seems. A
step type attenuator, if substituted for
the regular gain control, would require
at least 8 to 10 positions to give even
minimum coverage of the numerous in-
put voltages applied to the instrument.
Even so, this would not provide con-
tinuously variable control of the input,
and would require at least 8 to 10 re-
sistors and 16 to 20 fixed and variable
ceramic capacitors. The size and cost
would be prohibitive.

There is, happily, a fairly simple

lator or as an independent source of
audio. When the modulation switch is
set at INTERNAL, the 360-cycle sine
wave is available at the panel connector

Parts for TY generator improvement

Resistors: 1—1,000, 1—10,000, 1—56,000, |--100,000,
270,000, !> watt; 1—5,600, 1—200,000, | watt;
1—2,000, adjustable (set at 1,700), 25 watts.

Potentiometers: 1—500, linear (with switch), 1—

200,000, linear; |1—I50, linear, 2 watts.
Capacitors: |—51 puf, NPO, 1—.001 uf, 2—.0015 pf,
|—.0t uf, ceramic; 2—.05 uf, 2—0.1 uf, 1—0.25 pf,
200 volts; 1—10 uf, 1—I5 pf, 450 volts, electrolytic.
Miscelloneous: |—5Y4-G, 1—0C3, 1—-0D3, 2—6C4,
tubes; |—power transformer, 600 volts ct at 70 ma, §
volts at 2 amp, 6.3 volts at 3 amp (Thordarson T
22R02); |—filter choke, 8 h at 80 ma; |—choke, & h at
40 ma (UTC R14); 2—radio-frequency chokes, 7 ph at
| amp; (Ohmite Z-50); 3—d.p.d.t. switch (Centralab
1462); 1—s.p.s.t. switch; |—s.p.s.t. switch (on marker-
amplitude control).

Tl 5vV4-6 L5

8H/80MA

and is also modulating the marker
oscillator. When the switch is in the
EXTERNAL position, the second 6C4 is
used as an amplifier to modulate the
marker with any audio signal fed to
the same panel connector. An external
variable-frequency audio oscillator may
be used to modulate the marker oscil-
lator, producing horizontal or vertical
bars on the receiver picture tube for
linearity adjustments. If a square wave
is used instead of a sine wave, the edges
of the bars will be sharper. For check-
ing vertical linearity, 360 cycles, a
multiple of 60 cycles was chosen as a
modulating frequency so that a sta-
tionary pattern of six horizontal bars
would appear on the screen. END
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Fig. 3—Schematic diagram for improving the television alignment generator.

AUGUST, 1954

www.americanradiohistorv.com

answer to this problem: the fact that
most scopes use a triode as the vertical
input amplifier. Mine uses a 6J5. If the
octal socket of the 6J5 were rewired it
would be possible to use half of a
6SN7 as the vertical input amplifier.
The other half could then be used as a
cathode follower with a three-step com-
pensated attenuator at the input and a
continuously variable gain control at
the output of this stage.

The circuit I used is not unique and
is a composite of various other such
circuits which have appeared in various
radio and other magazines.

The three-step attenuator in the
input ecircuit maintains a high input
impedance—approximately 40 puf and
2 megohms. The frequency response of
the unit, with any setting of the at-
tenuator or gain control, is as good as
the final stage of vertical amplification
in the original circuit.

Locating the controls on the scope
panel may present a problem. The
3,000-ohm gain control can be substi-
tuted for the original gain control.
Locating the attenuator switch was, for
me, a problem that required some
thought and considerable maneuvering.
It must be close to the vertical input
circuit to reduce stray pickup.

H'ZS 6SN7-GT 47K +300v

S3.IMEG ; s| gtlesy W

5 ! 8

330t T Vi-a 21
X0 4

)
100ppf== 100
330K 3.3 6§
! MEG ggs

VERT IN

IMEG
< -
Sruc Tt i 3y
- ] S0V | 2y 2000
SIK o0 33K | fiEAR
=

V1-b replaces original amplifier and
is wired same as the original circuit.

Parts for frequency compensation

Resistors: 1—3,300, 1—33,000, 1—330,000 ohms,
I—I megohm; 3—3.3 megohms, ', watt; 1—47, 000
ohms, | watt; 1—3,000 ohms, linear taper, carbon

potentiometer (replaces original gain control);
Capacitors:  (—[00 ppf, 1—001 uf, 1—.005 pf,
ceramic; |—.25 pf, 600 volts; 1—0.5 pf, 200 volts;

2—3-30 puf, trimmer; |—8 uf, 450 volts, 1—50 uf,
150 volts, electrolytic.
Miscellaneous: |—6SN7-GT
single-pole switch.

tube; |—3-position,

Calibrating the attenuator requires
a square-wave generator. Set the gen-
erator to approximately 1,000 cycles
and the attenuator to the “>( 1007
position. Adjust the appropriate trim-
mer for a flat-topped trace on the
screen of the scope. Repeat this pro-
cedure with the attenuator switch in
the “> 10” position.

This modification will certainly be
worth while to the owner of any low-
priced scope and can be built with a
minimum of parts and reworking. END
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HIGH-ACCURACY
OHMMETER

R
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HE simple direct-reading ohm-
meter circuit, which is really an
extension of the earlier and eruder
continuity tester, is extremely
useful for making resistance checks
where high-order accuracy obtainable
by using bridge methods is not required.
It has an advantage over the bridge
because it does not need manipulation
of calibrated components to obtain a
balance before the answer can be calcu-
lated; the required value appears as a
direct reading on the ohmmeter scale.
It is surprising, however, to find that
many ohmmeter circuits use arrange-
ments where the accuracy is unneces-
sarily dependent upon a specific sup-
ply voltage, whether this comes from
a battery or the power line. Whichever

150MV, 1MA
+
Il,5v NOMINAL Lc
©

Fig. 1—A simple ohmmeter e¢ircuit.

source of voltage is used, it is desirable
that the accuracy of the instrument
be almost independent of supply-volt-
age variations within a workable range.

As an example suppose the ohm-
meter, built around a milliammeter
with full-scale deflection of 1 ma, is to
use a dry-cell unit nominally rated at
1.5 volts. When brand-new these cells
give a voltage of practically 1.6, and
they can probably be used until the
voltage falls to 1.2 before they become
seriously unreliable. A circuit for such
a meter is shown in Fig. 1. This is a
simple series circuit where equal cur-
rent flows through each component.

To consider the accuracy of any
ohmmeter calibration, the easiest
method is to consider what value of
36

Front of the ohm-
meter. Zero con-
trolisscrewdriver
adjusted through
hole in case

resistance will give exactly half-scale
reading. In this example, when the
battery voltage is 1.6, the total resist-
ance of the circuit to give full-scale
deflection of 1 ma, with the terminals
short-circuited for zero adjustment, will
be 1,600 ohms. Having set the zero
point, an external resistance equal to
this will reduce the reading to half
scale. So, for maximum battery volt-
age, the half-scale reading should be
1,600 ohms. When the battery drops
to 1.2 volts, the total series resistance
for full-scale current deflection, with
terminals short-circuited, will drop to
1,200 ohms, so the half-scale reading
should then be 1,200 ohms.

The question comes, what reading
should be put on the scale at this
point? Probably 1,500 ohms, because
this is based on a battery voltage at
the nominal value of 1.5. But the range
of zero adjustment necessary to use the
battery over its workahble range of
voltages means that the value indicated
as 1,500 ohms may be anything between
1,200 and 1,600, according to the con-
ditions of the battery.

Fig. 2 shows a circuit that reduces
this possible error. We start by decid-
ing that the center scale reading is
going to be 1,000 ohms. This means that
the total resistance in the circuit, with
the terminals short-circuited, must also
be as near as possible to 1,000 ohms.

150MY, |MA
@ ! AV ©

8%

220 500

:‘[“ 1.5V NOMINAL

Fig. 2—Zero adjustment method that
considerably reduces the dependence
of accuracy on the battery voltage.
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A practical test instrument
capable of measuring extremely-
low resistance values—simple

to construct

By NORMAN H. CROWHURST

At the maximum battery voltage, this
will allow a current of 1.6 ma, while
at the lowest battery voltage the cur-
rent with the terminals short-circuited
will be only 1.2 ma. So the meter shunt
must be arranged to pass from 0.2 to
0.6 ma at full-scale deflection for zero
adjustment range.

Assuming the meter has a full-scale
voltage drop of 150 millivolts (resist-
ance of 150 ochms), then the shunt re-
sistor, to pass 0.6 ma, corresponding
to maximum battery voltage, should
be 250 ohms; while to pass 0.2 ma, it
must be 750 ohms. Using the nearest
practical values, a fixed 220-ohm re-
sistor in series with a 500-ohm poten-
tiometer provides the necessary range
of coverage.

Now to work out the value of the
series resistor: First we need to know
the resistance of the meter with its
shunt. The actual meter resistance, in
this example, is 150 ohms. At maximum
battery voltage, when the meter shunt
is 250 ohms, the parallel combination
of 150 with 250 ohms is about 94 ohms.
For the lowest battery voltage condi-
tion, the parallel combination, of 150
ohms with 750 ohms, rises to 125 ohms.
To ease the figuring, say the variation
is from 95 to 125 ohms. Then the aver-
age value of the meter with its shunt
is 110 ohms. This would be subtracted
from the total circuit resistance of
1,000 ohms, which leaves 890 ohms
for the series resistor.

In practice, then, the total ecircuit
resistance varies from 985 ohms at
maximum battery voltage zero setting
to 1,015 ohms when set for minimum
battery voltage. So the center-scale
reading will always be within 1.5% of
its calibrated value.

RADIO-ELECTRONICS
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Accuracy can be increased still fur-
ther by making the fixed series resistor
a greater proportion of the total circuit
resistance, using a higher nominal
battery voltage so full-scale deflection
is still possible. Suppose, for example,
three 4.5 volt batteries are connected
in series to give 13.5 volts nominal;
these batteries willl have extremely
long life with a maximum current drain
of only a little over 1 ma for full-scale
deflection. A terminal voltage variation
from, say 11 to 14 could be allowed.
The supply voltage is approximately
10 times the previous figure, so the
total series resistance in circuit, to
determine the nominal center-scale
reading, could be 10,000 instead of

AAAA
YWYVvy
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Fig. 3—A shunt ohmmeter circuit.

1,000 ohms. Subtracting the mean value
for the instrument with its zero ad-
juster shunt of 110 ohms, this means
the series resistor should be 9,890
ohms, and the variation of total circuit
resistance is now only .15% from its
average value of 10,000 ohms. Using
the high battery voltage, the inaccuracy
due to battery voltage variation is thus
much less than the probable inaccuracy
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Fig. 4—A high-accuracy ohmmeter re-
quiring a minimum of calibration.

|
i

(3) 4.5V BATTERIES, OR
£QUIV. SUPPLY
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in the original calibration of the mil-
liammeter.

Both these circuits are for what is
usually described as the “series” ohm-
meter cireuit, beeause the resistance to
be measured is connected in series with
the meter and its supply voltage. It
is obvious from the values in the above
discussion that it is suitable for meas-
uring relatively high resistances, but
could not easily be used to measure
such resistances as loudspeaker voice
coils, which would give a reading in-
distinguishable from a short-circuit.

For this purpose a better instrument
is the shunt-reading ohmmeter, shown
in Fig. 3. In this circuit the instrument
is adjusted to full-scale deflection with
the terminals open-circuit. When a re-
sistance is connected to the terminals
it provides a shunt for the meter, and
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Fig, 5—Scales for Fig. 4. Low scale is for shunt operation; high is for series.

gives half-scale reading when the ex-
ternal resistance is approximately
equal to the internal meter resistance.

Note the word “approximately.”
Some books omit it in describing this
instrument. Assuming that the battery
voltage comes from the original single
cell of nominal voltage 1.5, and the
instrument is still the 150-mv, 1 ma
full-scale job, then at the nominal
battery voltage, with no resistance
connected, there will be 150 millivolts
across the meter and a 1.35-volt drop
across the series resistor. When the
meter is shunted with a resistor to
bring it down to half scale, there will
be only a 75-millivolt drop across it, so
the drop across the series resistor must
rise to 1,425 volts, which means the
current must have risen from 1 ma
to nearly 1.1 ma. If the shunting re-
sistor, connected to the terminals, is
equal to the meter vresistance, this
current will be equally divided between
them, so the reading will be about 0.55,
instead of 0.5 as would be the case ac-
cording to the statement usually given.
To produce half-scale reading a resistor
of slightly lower value must be used.

In practice it can be shown that half-
scale reading is produced when the
external resistance connected is equal
to the combined parallel resistance of
the meter with any internal shunts,
and also with its series feed resistor,
as viewed from the terminals of the
instrument (regarding the battery
resistance as zero).

Now we have the basic requirements
for producing an instrument whose
accuracy is not to be too dependent on
the battery voltage.

The adjustment for full scale, which
is zero ohms for the series type or in-
finity for the shunt type, must adjust
the balance of current in the circuit
associated directly with the meter
movement, without appreciably alter-
ing the internal resistance as secn
from the instrument terminals.

It has already been shown that using
a higher battery voltage improves the
possibility for the series instrument.
This is true also in the case of the shunt
instrument, because the series resistor,
although variable, is then always much
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higher than the meter’s own resistance.

Whatever circuit is used, its range
is somewhat limited compared with the
wide range of resistance values en-
countered in practice. To extend the
useful range of an instrument it would
be good to have a multirange ohmmeter
with an accuracy similar to that
achieved by multirange testers for
voltage and current. Fig. 4 shows a
circuit the author has designed, which
has the following useful features:

1. Circuit simplicity—a minimum of
special resistors that have to be ad-
justed to fit the scale.

2. A minimum number of contacts
in the switching arrangement.

The latter is particularly important
for the lower range readings, because
contact resistance can often ruin a
reading. In this instrument the number
of switch contact decks is reduced by
using a strap across the high-resistance
test terminals for the ranges using the
shunt ohmmeter principle.

A single variable resistor is used
for zero adjustment. Some may feel
that it would be an advantage to have
independent zero adjustment for each
range, so that changing the range does
not make it necessary to readjust for
zero. Circuits devised to do this usually
have the disadvantage that each ad-
justment interferes slightly with the
others, unless extra switching is em-
ployed to disconnect from the circuit
the variable resistors not in use. This
would increase the number of switch
contacts necessary.

In this eircuit a variation from that
of Fig. 2 is used for the zero adjust-
ment, to enable the same variable re-
sistor to serve all ranges, and to avoid
the use of low-value variables, which
can cause poor reliability.

With the 3-pole switch in the “X 10”
position, the instrument has a center-
scale reading of 10,000 ohms, using the
HIGH R TEST terminals. To obtain this
the series resistor R7 should be just
under 10,000 ohms. A resistor of 10,000
ohms 1% should serve here, trimmed,
if desired, by setting the instrument
to give center-scale reading with a
standard resistor of 10,000 ohms. The
instrument shunt has a fixed value of
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470 ohms (R4), while the zero adjuster
is a series resistor (R2) of 100 ohms
maximum, that varies the voltage drop
across the meter branch at full-scale
deflection and so varies the current
bypassed by the 470-ohm shunt.

The other two switch positions—the
direct reading and the “ - 10” position
—give the instrument center-scale
readings of 1,000 ohms and 100 ohms
respectively. The standard resistors for
these ranges are also about 1,000 ohms
and 100 ohms (R8 and RY9). One per
cent resistors can be used here, being
trimmed to the correct value by obtain-
ing a center-scale reading with a resist-
ance standard of 1,000 ohms and 100
ohms respectively. For these ranges,
the meter shunts are R5 and R6, which
also serve as resistance standards for
the two lowest ranges, using the shunt-
ohmmeter principle. For series-ohm-
meter operation, the zero adjustment
provides—at full-scale deflection—a
path for the current exceeding the 1
ma that goes through the meter. On
the “ + 10” position the total current
at full-scale deflection is about 135 ma,
so, to conserve battery life, the instru-
ment should never be left in this posi-
tion for longer than is necessary to
take a reading.

The meter that forms the basis of
the instrument shown has a resistance
of 150 ohms. This was chosen to allow
the circuit to be applied to use an old
type of meter with some useful life
still left in it. Modern meters of 1-ma
rating have a lower resistance, or alter-
natively, for the same resistance a
more sensitive meter can be obtained.
The limiting factor for the high range
is the volt drop necessary to give full
scale deflection through 10,000 ohms.
With a more sensitive meter—for ex-
ample a 500-microampere job—the
same circuit can be used with only half
the battery volts (say 6 volts’ worth)
and much longer battery life. To use
the same circuit with a 1-ma meter of
lower resistance value, the simplest
method is to build out the meter resist-
ance to suit the values given, so the
effective resistance of the meter with
a series resistor comes to 150 ohms.
This avoids the necessity of recalculat-
ing all the circuit values. If a 200-
microampere meter should be handy,
the circuit could be revised slightly to
make it work on only 3 volts’ worth
of battery. The revision would consist
of increasing the resistance values of
the zero adjuster and associated switch
connections somewhere between two
and five times. R4 would also need in-
creasing. The aim in selecting these
values is to minimize the readjustment
necessary when the range is changed.

For the shunt-connected ranges,
giving center-scale readings of 10
ohms and 1 ohm, the positions marked
DIR and “— 10” are used, with the
HIGH R TEST terminals strapped to-
gether to give full-scale reading. The
resistance to be measured is then con-
nected to the LOW R TEST terminals.

To obtain the correet values for the
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“standards” R5 and R6 on these
ranges: Rb5 is calculated so that with
the average full-scale setting of R2,
the combined resistance made up of
R5, R8, and the meter branch all in
parallel is 10 ohms. This procedure is
simpler for R6, because the other
branches, R9 and the meter branch,
are both much higher in value than
1 ohm—the required combined value in
this case, for absolute accuracy. If the
low-value resistors R5 and R6 are not
available, they can be made up of
resistance wire.

As with the series arrangement, the
lowest range should be used only long
enough to check for full-scale deflection
and then to measure the required resist-
ance. Carelessness about this precaution
will quickly flatten a set of batteries.

This can be overcome, for bench
work, by using a rectified supply from
the power line. A step-down trans-
former to give an output voltage of
15 to 20, using a metal rectifier to give
the right d.c. output, will provide an
energizing supply for this ohmmeter.
The method of zero adjustment will still
render it practically independent of
supply-voltage variations. Values of
R1, R2, and R3 may need adjusting
to suit the exact voltage used; also the
values of R7, R8, and R9 may need
modifying slightly, due to the effective
internal resistance of the supply. This
can be calculated by measuring the
reduction in d.c. output voltage from
the supply when the maximum full-
scale current on the lowest range is
drawn from it. Dividing this current
value into the drop in output voltage
it produces will give an effective in-
ternal resistance. For example, if the
current is 140 ma, and the voltage
drops from 16 to 13.2, a difference of
2.8, the internal resistance is 2,800
divided by 140, or 20 ohms. This resist-
ance should be subtracted from the
values given for R7, R8, and RY, par-
ticularly the last, to keep the center-
scale reading correct.

Using the convenient center-scale
reading of multiples of 10, the instru-
ment willl have a scale of the type
shown in Fig. 5, the scale marked
HIGH R TEST being used for the readings
using series-ohmmeter connections on
the upper three ranges and the scale
marked Low R TEST for readings on the
shunt-ohmmeter circuit used for the
two lower ranges, when the HIGH R TEST
terminals are strapped together.

The strap for the HIGH R TEST
terminals can be made from a metal
strip, with two holes drilled to fit the
terminal spacing. One of these holes is
then slotted out sideways, so the strap
can be held by the other hole to one
terminal, being clamped on the remain-
ing terminal, or released, according to
whether the LOW R TEST or HIGH R TEST
is being used.

With television, high-fidelity audio,
and other electronic equipment demand-
ing closer-tolerance resistors, this high-
accuracy ohmmeter is a valuable test
instrument.
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END | easily handled.

MINIATURE AUDIO-
FREQUENCY TEST
OSCILLATOR

By I. QUEEN

HIS tiny oscillator is self-contained

(except for load) and is mounted in-
side a plastic box only 2% x 1% x %
inches. The heart of the circuit is a
Raytheon transistor, type CK722. It is
powered by one AA dry cell. Output is
strong enough to provide a good head-
phone signal.

Audio feedback is maintained by a
“Sub-Ouncer” 3:1 ratio audio trans-
former. Any other transformer may be
used but will require considerably more
space. If the “Sub-Ouncer” is used, fol-
low the terminal connections specified.
If another type is used, connect the
low-impedance winding in the base cir-
cuit, the high-impedance winding in the
collector circuit. If no oscillations are
heard, try reversing connections to one
of the windings.

UTC SUB-GUNCER $0°2 K2 TP JSCKS FOR OUT LOAD
GREEN “ BLUE
BLACK RED 003

stTsuE AN

The frequency is determined by the
particular transformer used and the
capacitor in series with the base. With
the circuit and constants shown in the
figure the frequency is 1,500 cycles. To
change the tone use a different value
of capacitor. The frequency will vary
(upwards) to some extent when the
oscillator is used near a strong incan-
descent lamp. For example, the fre-
quency will rise to about 2 ke if a 40-
watt lamp is brought a few inches from
the oscillator. A fluorescent lamp does
not cause a perceptible change. Sun-
light, even indirect, makes a consider-
able difference in the frequency. Evi-
dently the transistor is slightly photo-
sensitive.

The oscillator was constructed to see
how compact a reliable instrument
could be. It is more than a mere toy. It
may be used to test a.f. amplifiers or
for long-distance CW communication
by wire. It may be used as a source of
known frequency (if shielded from
light). It is easily carried about in a
pocket to permit indulging in code prac-
tice during lunch hours or recess, or
other spare periods.

The efficiency of the CK722 transistor
is astounding. In this circuit it con-
sumes 5 microwatts. This is about .005
of 19, as much power as required by
a sensitive high-frequency buzzer, or a
low-power tube oscillator.

This oscillator contains an unusual
degree of miniaturization. With an ex-
tremely small cell for power, the CK722
transistor, and the UTC subouncer SO-2
transformer (10,000-ohm primary, 90,-
000-ohm secondary), the unit can be
END
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ISTORTION measurement is a

very important part of audio

servicing. An amplifier can

hardly be said to have been
serviced thoroughly without some
measurement of distortion. The distor-
tion totalizer is a relatively simple de-
vice for measuring total harmonic dis-
tortion. It is basically a twin-T null
network that suppresses the funda-
mental frequency, leaving only the har-
monics, which can then be compared to
the amplitude of the fundamental to
give the percentage of harmonics.

H RESiDC VOLTMETER

INSERT DCMA AT X ORX'

AAA.
\AJ
4

Fig. 1—Diagram shows method for
checking class-A amplifier distortion.

lE.

—~ | 0k U

DC V.TVM,

Fig. 2—Distortion check with v.t.v.m.

£

SCOPE-
SWEEP ON
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Fig. 3—Setup for indicating distortion.

AUGUST, 1954

TOTALIZER

By C. W. PALMER

TEST INSTRUMENTS

An excellent instrument

for a rapid check

of audio-amplifier distortion

In its simplest form, distortion is the
disfiguring of a signal as it passes
through a circuit. When distortion is
present, the tone from the amplifier is
combined with one or more higher tones
called harmonics, which were not in the
original signal. This change causes the
amplified tone to sound harsh or
unnatural.

The service technician will be most
concerned with the second, third, and
fourth harmonics, as these are much
stronger and more troublesome than the
higher-order harmonies. The second
harmonic can be considerably reduced
by using a push-pull output stage in
the amplifier. Incidentally, this is one
of the principal reasons why push-pull
is so popular in the power stages of
modern amplifiers.

Measuring distortion

Harmonics can be measured sepa-
rately and the percentage of each fig-
ured against the voltage of the funda-
mental. The percentages can then be
combined to give a total harmonic per-
centage. A second method is to measure
all the harmonics together, giving a
total harmonic figure. But this does not
tell the relative strength of the
individual harmonics.

Each harmonic can be measured
and compared separately in the fol-
lowing manner:

E2

El X 100
where E1 is the voltage of the funda-
mental, and E2 is the voltage of the
individual harmonic.

Each separate harmoniec percentage
must be figured in the same manner,
but they cannot be simply added to-
gether to get the total harmonie distor-
tion. To do this, we must square each
percentage, add the squares, and then
find the square root of this total. The
following formula is used:

Distortion =/ D2 + Dg2 + D42, ete.

(total)
where Do, D3, Dy, etc., are the respec-

% distortion (of harmenic)=

www americanradiohistorvy com

tive harmonic percentages which may
be measured—usually at least to the
fifth harmonic.

To measure each harmonic voltage
individually, a wave analyzer is needed.
This is a laboratory instrument which
can be tuned like a radio receiver to
each harmonic and indicates the voltage
of each.

More simple and certainly less expen-
sive is a method of checking total dis-
tortion. This will be described in greater
detail along with details for making
the special apparatus needed.

Qualitative tests

The simplest test that can be made
for distortion is to listen to the output
of an amplifier, but this is probably the
least reliable. The distortion must be
considerable before even a trained ear
can distinguish it (the ear will respond
to distortions of something over 5%).
In addition to this there are all the
mental and physiological conditions that
mask the true result, making the ear
an extremely unreliable measuring
instrument.

Electrical tests that are indicative of
distortion can be made in some cases.
In class-A amplifiers the plate current
remains steady when a signal is applied
or removed, if there is no distortion. A
milliammeter inserted in the B+ or B-
lead to the amplifier will serve as an
indicator. A high-resistance voltmeter
connected across the cathode resistor of

&

AUDIO
0SC

8+

il

v ki

ROt
3=l

Fig. 4—Fig. 3 setup using audio synec.
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DISTORTION
TOTALIZER

INPUT TERMINALS
\

INPUT LEVEL -
CONTROL

Internal view of
distortion totalizer.

LOW DISTORTION AUDIO OSCILLATOR

OUTPUT TERMINALS

AUDIO V.T.V.M.

NULL -
FREQUENCY
~CONTROL

Controls indicate
simplicity of op-
eration.

the amplifier stage being checked also
will indicate a change in plate current
(the voltmeter should not show a change
in indicated voltage when a signal is
applied or removed). See Fig. 1.

This method cannot be used on class
B or class C (transmitter) amplifiers
because grid current flows part of the
time, and plate current varies with
signal.

Another method that can be used on
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all class-Al1 and AB1 amplifiers is to
connect a vacuum-tube d.c. voltmeter
from grid to ground. A negative volt-
age will be indicated equal to the nega-
tive grid bias voltage. This should not
fluctuate, and any variation is indica-
tive of distortion. See Fig. 2.

The oscilloscope with an audio osecil-
lator having good waveform, can be
used to indicate distortion by connecting
the oscillator to the amplifier input and
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connecting a shielded lead from the
vertical input of the oscilloscope to the
amplifier’s grid or plate. See Fig. 3.

Another way to use the oscilloscope

AMPLIFIER UNDER TEST

Test setup for
distortion
measurement.

is to connect it as above but do not turn
on the horizontal sweep. Instead, con-
nect a shielded lead from the horizontal
terminals of the scope to the audio
oscillator output as shown in Fig. 4.
Now the image on the screen will look
somewhat like the various patterns in
Fig. 5. With no phase shift, a straight
diagonal line would be seen on the scope
screen (Fig. 5-a); however, most am-
plifiers introduce some phase shift so
that a more common image is the
diagonal ellipse in Fig. 5-b. Distortion
is indicated when the ellipse becomes
irregular or broken in shape as shown
in Fig. 5-¢ and 5-d. This method is
described in the article beginning on
page 58 of this issue.

Quantitative tests

The qualitative tests have their use in
engineering, but for the service tech-
nician who wants a quick over-all look,
the quantitative test is preferable.

In this type of test, a comparison is
made between the signal at the output
of the amplifier (or any stage)—with
the oscillator fundamental present, and
then with it suppressed.

The theory of operation depends on a
dual-input parallel-T null network that
was developed by C. F. White and K.
A. Morgan of the Naval Research
Laboratory and presented at the 8th
National Electronics Conference in

s d
Fig. 5—Patterns indicate distortion.
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Fig. 7—The parallel-T null network.

Chicago in the fall of 1952.

Fig. 6 shows the circuit of the net-
work and the photos show several views
of the test setup and the network alone.

The characteristics of the network
have been so chosen that the null fre-
quency can be adjusted between 100
and 10,000 cycles. The network is tuned
to match the frequency of the audio
oscillator by watching the oscilloscope
or a v.t.v.m. for minimum output.

By switching S1 to the CAL position,
the network is made ineffective and a
reading (K1) of the output of the audio
oscillator through the amplifier under
test is taken at a given frequency—say
200 cycles. R1 will be useful to get a
suitable indication on the output meter.
(Once set, R1 should not be moved until
a test has been completed.) Switch S1
is then switched to op and the dual
potentiometer R2 is turned until mini-
mum output is indicated (¥2). This
will remove the fundamental, leaving
all the harmonics and the ratio:

12:12 x 100 = % of distortion at the
test frequency.

This procedure is then repeated at
several selected frequencies through the
audio band to get a complete picture of
the total distortion percentage.

Distortion totalizer theory

The secret of this simple total dis-
tortion device lies in the variable-fre-

this network is shown in Fig. 7. It
consists of two T networks identical in
impedance but opposite in phase, so
that at some critical frequency the out-
puts are equal and opposite, thus can-
celing each other. White and Morgan,
in their paper, tell how, by dividing the
input and adjusting the selective signal
voltage to the two T’s, the eritical null
frequency can be varied. This is done
in our version of the dual-input parallel
T network, by two identical potentio-
meters having a common shaft. The
characteristiecs of this network are
shown in the graph (Fig. 8) at the mid-
frequency and at the extremes. The
attenuation of the eritical frequency is
better than 60 db greater than the in-
sertion loss of the attenuator. This is
adequate for our distortion meter.

Construction

The entire unit is housed in a small
sloping-front eabinet on which the po-
tentiometers and switch are located.
The input and output terminals are
mounted on the top of the cabinet.

Parts for distortion totalizer

Resistors: 1—100,000, 2—200,000, carbon, 5%, |
watt: 1—25,000, wire-wound, potentiometer, 4 watts
(Mallory M25MP or equivalent); 1—20,000 each sec-
tion, dual potentiometer (Allen-Bradley JU2031 or
equivalent).

Coapacitors: 4—800 uuf, silver mica.
Miscelloneous: |—sloping-front cabinet 4!/, x 4/ x
41,4 inches (ICA 3905 or equivalent); |—d.p.d.t.
toggle switch; 2—insulators; 4—binding posts; 2—
knobs with pointers.

In wiring the device, care should be
taken to keep wires short and direct. It
is important to have a good ground
connection to the cabinet.

Shielded leads should be used to con-
nect the amplifier output to the distor-
tion totalizer and from this unit to the
oscilloscope or v.t.v.m. used for the out-
put indicator.

The input potentiometer is a wire-
wound unit capahle of dissipating sev-
eral watts of power. This is necessary
in checking power-amplifier stages of
radio and TV receivers and the har-
moniec distortion of A amplifiers.

Mica capacitors and high-quality re-
sistors should be used to produce a
high-Q network so that the null will be
sharp. Otherwise, some of the harmonic

quency version of the well-known paral-  distortion may be suppressed along
lel-T null network. The basic circuit of  with the fundamental. END
| |
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SUPERSENSITIVE METER

OT so long ago, the 20,000 ohms-per-
N volt meter was used for most shop
work, with a v.t.v.m. for high-imped-
ance measurements. Today multimeters
with sensitivity ratings of 100,000 ohms
per volt are standard equipment in
many shops. They do not need external
power, like the v.t.v.m., and are usually
more compact and easier to carry. They
have no tubes to age and atfect calibra-
tion, and need no warmup period. The
input resistance is equal to that of a
10-megohm v.t.v.m. on the 100-volt
range and exceeds it on higher ranges.

—WA———0
98K v
0K 5V

IMEG 0oV

SMEG

Sov

0-10p4 DX
RES=2Ka

100v

I0MEC

25MI 250v

/
SHORTING SW
S0MEG 500V |
o A -0
100 MEG 1KY

0C INPUT
-+

100k PER VOLT DC VOLTMETER

A 100,000-ohms-per-volt d.c. volt-
neter can be made around a 10 pa d.c.
meter, one multiplier resistor for each
range, and a selector switch. The dia-
gram shows an instrument described
in a recent edition of the Aerovox Re-
search Worker.

To find the correct multiplier resist-
ance for each range, multiply the ohms-
per-volt sensitivity by the full-scale
voltage for the range. If the multiplier
resistance is less than 100 times the in-
ternal resistance of the meter, subtract
the meter resistance from the calcu-
lated value of the multiplier for
greater accuracy.

In constructing this or a similar
meter, observe these precautions:

1. Insulate the terminals from the
panel with high-grade polystyrene or
ceramic material.

2. Use a high-grade ceramic-wafer
range selector switch and do not touch
the ceramie more than absolutely neces-
sary. After wiring, clean the ceramic
with earbon tet or lacquer solvent.

3. If the meter is to be used on a
metal panel, be sure to so specify when
ordering it.

4. Use special instrument type resis-
tors for values above 50 megohms. Do
not touch the bodies of the resistors.
After soldering, eclean them with a
solvent recommended by the resistor
manufacturer.

5. Make the case as near airtight
as possible to keep out dirt and mois-
ture.

6. Keep the shorting switch closed
when the meter is not in use, to protect
the delicate movement from shocks. END
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TELEVISION

TRACKING DOWN
HORIZONTAL
INSTABILITY

ORIZONTAL instability in TV
may appear in several ways:
1. Bending or pulling
2. Touchy horizontal hold

3. Tearing

4. Horizontal jitter

5. Intermittent loss of horizontal

syne.

The fault usually arises from a de-
fect in the video strip, syne section,
horizontal a.f.c. circuit, or horizontal
sweep section (Fig. 1). Instability may
arise also from interference signals,
generated either internally or external-
ly. A horizontally stable picture re-
quires four basic ingredients: good
horizontal sync pulses (sufficient am-
plitude and, correct shape); correct
waveform in the horizontal sweep cir-
cuit with respect to amplitude, shape,
and approximate frequency; normal
action in the horizontal a.f.c. circuit to
lock in the horizontal oscillator at the
correct frequency; absence of internal
or external interference to upset syn-
chronization.

To provide good horizontal sync
pulses both the video strip and the sync
section must be operating normally. For
correct waveform the horizontal sweep
section and the horizontal a.f.c. circuit
must be functioning correctly.

Localizing the trouble

It may be helpful to list the most
common causes and symptoms of trou-
ble in each section. Very often these
symptoms provide clues which help
localize the trouble quickly. It should
be kept in mind that older sets occa-
sionally may develop multiple troubles.

1. Video Strip. Consists of the tuner,
the video i.f. section, video detector,
video amplifier, and the C-R tube. Com-
posite video signals, consisting of both
video information and synec pulses, pass
through the video strip. As a result,
video-strip troubles may cause not only
horizontal instability but also addition-
al picture defects.

Overloading. Too strong a signal at
the antenna terminals or a failure in
the a.g.c. system can cause overloading.
This shows up as excessive contrast.
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VIDEQ AMPLIFIERS)

Part I—The
problems of
analysis

and location

By CYRUS GLICKSTEIN

HORIZ DEFL COILS

||

FEEDBACK WAVEFORM

SYNC SECTION HORIZ AF.C. CKT HORIZ SWEEP
(AMPLIFIERS & DC CONTROL | SECTION
CLIPPERS ) VOLTAGE 1 (05C & OUTPUT )

NN

Fig. 1—Block diagram shows partial layout of a typical TV receiver.

Misalignment of the r.f. or i.f. sec-
tions. Shows up as a weak, smeared, or
blurry picture. This condition usually
produces weak sync pulses.

Hum pickup. Sixty-cycle hum pickup
may result from leakage from the heat-
er to other elements in any tube in the
video strip. This produces a 60-cycle
hum modulation of the picture (Fig. 2).
Other types of hum pickup are 60-cycle
or 120-cycle ripple in the B-- line to
the video strip and 15,750-cycle pickup
in the a.g.c. system, due to poor filter-
ing of the a.g.c. output voltage. These
also hum-modulate the picture with a
characteristic pattern.

Nonlinear operation. A defective com-
ponent such as a leaky coupling capaci-
tor may cause nonlinear operation in a
given stage, resulting in horizontal in-
stability and a degraded picture.

External interference. Heavy noise
pulses, ignition, diathermy, and other
types of external interference which
may affeet horizontal synchronization
usually show a characteristic noise pat-
tern on the screen.

Internal interference. Internally gen-
erated interference — such as pickup
from the sweep circuits—may feed into
the video strip, the synec section, or the
horizontal a.f.c. circuit. Horizontal
sweep pickup in the video section may
cause one or more vertical lines in the
picture or raster as well as horizontal
instability. Horizontal sweep pickup in
the sync or a.f.c. circuit results only in
unstable syne.

2. Syne section. Sync circuit defects
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usually -affect sync horizontally and
vertically. Very often, the defect is
more pronounced in a vertical direction,
because of the stabilizing effect of the
horizontal a.f.c. circuit. However, 60-
cycle leakage between heater and cath-
ode in one of the sync tubes may not
greatly affect vertical operation but may
still show up as a horizontal fault—
horizontal bend. Hum originating in
this section (or in the a.f.c. or hori-
zontal sweep section) produces bend
but does not hum-modulate the video
information (Fig. 3). That is, there is
no black stripe across the picture or
raster. Generally, horizontal trouble
originating in the sync circuit can be
spotted by a check of the vertical hold
control. If, in addition to horizontal in-
stability, the vertical hold control is
touchy and has less than the normal
hold-in range, while video information
is normal, a defect in the sync section
is indicated.

3. Horizontal a.f.e. section. Horizon-
tal a.f.e. circuit troubles usually affect
horizontal synchronization only and
have no effect on the vertical sweep.
These troubles include 60- and 120-cycle
pickup, vertical sweep coupling into the
horizontal a.f.e. circuit, misalignment,
and faulty operation due to component
breakdown.

Hum pickup (60- or 120-cycle) in the
a.f.c. circuit can cause a bend in the
picture (Fig. 3). This will also show
up on a blank channel as a bend along
the side of the raster, if the raster is
moved by the horizontal centering con-
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trol or other centering adjustment so
the side is visible. Since this can be
caused also by hum pickup in the hori-
zontal sweep circuit, one method of la-
calization is to remove the a.f.c. tube
and note the effect on the side of the
raster.

Misalignment of the a.f.c. circuit can
cause any of the symptoms of horizon-
tal instability. In certain cases, it is
difficult to determine whether the trou-
ble is originating in the a.f.c. circuit or
in the horizontal sweep section.

4. Horizontal sweep circuit. Faults in
the horizontal sweep circuit which cause
horizontal instability often cause other
troubles at the same time—such as ver-
tical lines on the picture or raster,
horizontal foldover, or a dim raster.
Most of these faults are seen on the
raster (blank channels) as well as en
the picture (active channels).

Some types of horizontal instahbility,
such as touchy hovizontal hold or an
intermittent loss of horizontal sync,
originating in the horizontal sweep
section are noticeable only when there
is a picture on the screen. Instability
originating in this section may arise
from incorrect settings of the horizon-
tal frequency controls (hold, lock, ete.),
component breakdown, changed values,

AUGUST, 1954

Fig. 2—Sixty-ey-
cle hum modula-
tion.

Fig. 3—Horizontal
bend due to cath-
ode-heater short in
sync amplifier.

or incorrect values in the horizontal
oscillator or output stages.

Trouble-shooting procedure

Although horizontal instability may
originate in several sections of the re-
ceiver, the cause is usually not too dif-
ficult to track down if a systematic
trouble-shooting procedure is followed.

As usual, the first problem is to find
the defective section. This is usually
solved as follows: Check the pieture on
each active channel and the raster on
a blank channel. Then vary the perti-
nent controls to determine their effect
on the picture. Check the effect of
changing lead dress at critical points.
If necessary, check waveforms.

Suppose, for example, a broad black
horizontal stripe (60-cycle hum) is
seen on the picture. Checking the raster
on a blank channel will help localize
the source of the hum. A 60-cycle sig-
nal by itself cannot pass through the
r.f. and if. stages, since these stages
are not designed to pass such low fre-
quencies. The hum ecan pass through
these stages only by modulating the
incoming signal. On the other hand, a
60-cycle hum signal ecan be amplified
directly in the video amplifier stages.
Therefore, if the hum is noted on every

WWW.americanradiohistorv.com

TELEVISION

active channel, but not on a blank
channel, it must arise from a fault in
the tuner or video i.f. section. If the
hum is also visible on the screen when
a blank channel is tuned in, it must
originate in the video detector or video
amplifier stages.

In the same way, if a vertical line
is seen on active channels only, it in-
dicates a possible defect in the a.g.c.
filter system. If the vertical line is seen
on blank channels also, this indicates
a fault in the horizontal sweep circuit,
horizontal sweep pickup in the video
amplifier stages, or input to the C-R
tube.

Another step in localizing the defec-
tive section is to check the action of
the pertinent controls. The most impor-
tant are: horizontal hold, vertical hold,
contrast, brightness, fine tuning, and
horizontal lock. Additional controls
which should be checked in receivers
having them are the a.g.c. and the noise
compensator (or equivalent) controls.

Each type of horizontal a.f.c. circuit
has a certain hold-in range, varying
from about one-quarter to full rotation
of the horizontal hold eontrol. Although
this may vary somewhat in different
models, the range is fairly uniform for
each type of a.f.c. circuit. In checking
horizontal instability, the horizontal
hold should be varied to determine how
much of the normal hold-in range is
obtainable. Then the vertical hold
should be checked. If the hold-in range
of both the horizontal and vertical hold
controls is abnormally low and the pic-
ture information is too light, too davk,
or otherwise abnormal, the trouble is
most likely in the video strip or in the
incoming signal. If the hold-in range
of both controls is abnormal while pic-
ture information is normal, the trouble
is most likely in the synec section. If the
vertical hold-in range is normal and
the picture information is normal, while
the horizontal hold has much less than
the normal range, the trouble is most
likely in the horizontal a.f.c. or hori-
zontal sweep cirecuit.

In this last case, operating the hori-
zontal hold control may localize the
trouble further. If the horizontal hold
control is very touchy throughout its
range, but each readjustment tempo-
rarily returns the picture to a syn-
chronized condition, while the vertical
hold is normal, the trouble is very like-
ly in the a.f.c. circuit. If the horizontal
hold barely reaches a synchronized po-
sition at the end of its range, the a.f.c.
circuit may need realignment, or else
there has been a change in component
value in the horizontal oscillator circuit.

To check whether a.f.c. realignment
is necessary, leave the horizontal hold
in the center of rotation. Turn the rear
panel (or top-of-chassis) horizontal
Jock control a little in either direction.
If some improvement is noticed, com-
plete the regular alignment procedure
for that type of a.f.c. system. If no
improvement is noted, return the con-
trol to its original setting and continue
trouble-shooting.
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Rotating the contrast control indi-
cates whether the picture contrast has
the normal range of variation and
whether the video strip is functioning
correctly. When there is a smeared pic-
ture or one with poor definition which
cannot be cleared by rotating the fine-
tuning control, then r.f. or if. mis-
alignment or a breakdown in the video
strip is indicated.

Rotating the a.g.c. control may elim-
inate an overcontrasted condition due
to overload. In some receivers, misad-
justment of the noise cancellation or
equivalent control can cause a dark
picture with poor sync action. In check-
ing these two controls, turn them a little
to either side of the original setting to
determine if the condition improves and
if the control is operating normally. If
there is no improvement, return the
control to the original setting and check
further.

If control checking is completed and
results are inconclusive, check whether
poor lead dress is causing the trouble.
Horizontal jitter or tearing can be
caused by interaction between leads.
Dress leads as far away from each
other as possible without bringing them
close to other circuits which may intro-
duce interference. Take special care
with: cathode (grid) lead of picture
tube and deflection yoke cable, antenna
lead-in to the tuner, and damper tube
leads.

When the defective section or sec-
tions are localized, the next step is
changing tubes. If the trouble is not
due to a bad tube, the fault can be lo-
calized to a particular stage by signal
tracing with an oscilloscope.

Using the oscilloscope is especially
useful when all other checks prove in-
conclusive and it is not clear just
where the trouble is originating. Signal
tracing with an oscilloscope can usually
localize the trouble not only to the
section but to the particular stage that
is defective. Once the trouble has been
localized it can then be pinpointed by
standard voltage and resistance meas-
urements. With a little practice this
procedure will prove highly profitable.

Check the waveform at each stage to
determine at what point the output be-
comes defective, starting at the video
detector and going on to the video am-
plifier, sync section, horizontal a.f.c.,

and horizontal oscillator stages. At the |

stage where the waveform becomes de-
fective, check further with voltage and
resistance measurements. This shows
up the fault in most cases. When these
measurements do not indicate the trou-
ble, it is usually caused by an open
capacitor or one that has changed value,
so try substituting capacitors. In some
cases, a coil or transformer with a few
turns shorted or with a broken ferrite
core may show normal voltage and re-
sistance readings but may not function
properly. In such cases, it may be nec-
essary to substitute parts to determine
the trouble. (TO BE CONTINUED)
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Alaska
KTYA

Arkansas
KARK-TY
KATY

California
KBID-TV
KQED
KSAN-TY
KTvU

Colorado
KFXJ-TY
KOA-TY

Florida
WDBO-TV
WINK-TY
WITY
wJDM
WJIHP-TV

Georgia
WALB-TV
WRDW-TV
WTOC-TV

Hawaii
KULA-TY

Idaho
KID-TV

Hlinois
WBLN
WDAN-TY
WSIL-TY

indiana
WSJVY

lowa
KGLO-TV
WHO-TV

Louisiana
KSLA

Maine
WCSH-TY
WGAN-TV
WLAM-TY

Maryland
WBOC-TV

Massachusetts
WMGT

Michigan
WKAR-TY
WNEM-TV
WWTVY

Minnesota
KDAL-TY
WDSM-TV

Mississippi
WCOC-TV
WLBT
WSLI-TV

Missouri
KOMU-TV

Montana
KFBB-TV

Nevada
KHOL-TY

NEW TELEVISION STATIONS

{List of stations which started operation since our last January list was printed)

Anchorage

Little Rock
Pine Bluff

Fresno

San Francisco
San Francisco
Stockton

Grand Junction
Denver

Orlando

Fort Myers
Fort Lauderdale
Panama City
Jacksonville

Albany
Augusta
Savannah

Honolulu
Idaho Falls

Bloomington
Danville
Harrisburg

Elkhart

Mason City
Des Moines

Shreveport

Portland
Portland
Lewiston

Salisbury
Adams-Pittsfield

East Lansing
Bay City-Saginaw
Cadillac

Duluth-Superior
Duluth-Superior

Meridian
Jackson
Jackson

Columbia
Great Falls

Kearney

New Hampshire

WMUR-TV

New Jersey
WRTY

New York
WKNY-TV
WTRI
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Manchester
Asbury Park

Kingston
Schenectady

53

32
36

So;n

N
17

36

10
12
N

15
24
22

52

13
17

74

60

13

30
12

58

66
35

North Carolina

WAYS-TY Charlotte 36
WMFD-TV Wilmington 6
WNCT Greenville 9
North Dakota

KFYR-TV Birmarck 5
Ohio

WSTV-TV Steubenville 9
Oklahoma

KCEB Tulsa 13
KTEN Ada 10
KWTVY Oklahoma City 9
Oregon

KVAL-TY Eugene 13
Pennsylvania

WARM-TY Scranton 16
WQED Pittsburgh 12
WSEE Erie 35
Puerto Rico

WAPA-TY San Juan 4
WKAQ-TY San Juan 2
Rhode lIsland

WNET Providence 16
South Carolina

WAIM-TY Anderson 40
WFBC-TY Greenville 4
Tennessee

WDEF-TV Chattanooga 12
Texas

KBMT Beaumont 31
KMID-TV Midland 2
KRGV-TY Weslaco 5
KVDO-TV Corpus Christi 22
Virginia

WBTM-TVY Danville 24
West Virginia

WJPB-TV Fairmont 35
Wisconsin

WEAU-TY Eau Claire 13
WHA-TV Madison 21
WNAM-TV Neenah 42
Wyoming

KFBC-TV Cheyenne 5

The following stations, which appear in the
list on page 80 of the January, 1954, issue,
have since gone off the air:

KRTV Little Rock, Ark. 17
KDZA-TV Pueblo, Colo. 3
WKLO-TV Louisville, Ky. 21
KFAZ Monroe, La. 43
WBKZ-TV Battle Creek, Mich. b4
WTAC-TV Flint, Mich. 16
KACY Festus-St. Louis, Mo. 14
KCTV Kansas City, Mo. 25
KFOR-TY Lincoln, Nebr. 10
WFPG-TV Atlanta City, N.J. 46
WBES-TV Buffalo, N.Y. 59
WECT-TV Elmira, N.Y. 18
WIFE Dayton, O. 22
KETX Tyler, Tex. 19
WACH Newport News, Va. 33
WOSH-TV Oshkosh, Wisc. 48

The following stations have changed channels:
WRGB, Schenectady, N.Y., from channel 4
to 6; WOOD-TY, Grand Rapids, Mich., from
channel 7 to 8. KEYL, San Antonio, Texas,
channel 5, has changed its call letters to
KGBS-TV. KGBS-TV, Harlingen, Texas, chan-
nel 4, has changed its call letters to KGBT-TV.
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COLOR
TV
CIRCUITS

HE circuits discussed in the two

previous articles were common to

any color receiver regardless of the

type of picture tube used. The color
sync channel, consisting of the burst
amplifier, phase detector, reactance
tube, oscillator, phase amplifier, and
buffer amplifier (sce Fig. 1), is basically
the same whether the three-gun dot
type (RCA or CBS) or the single-gun
strip type (Lawrence) picture tube is
employed.

As mentioned in the last article (Part
IT) the composite color video signal
from the video detector is coupled to
the first video amplifier, and then
separated and fed to four different
circuits. The signal we are interested
in now is the one coupled to the burst
amplifier. The other three signals were
discussed in the previous article.

The composite color video signal con-
tains the color burst on the horizontal
blanking pedestal following the horizon-
tal sync pulse as shown in Fig. 2.
The color burst is nothing more than a
synchronizing signal provided to con-
trol the phase and frequency of the
color oscillator. It can be considered as
additional syne information similar to
the horizontal syne pulse, but its fre-
quency and phase is accurately con-
trolled at the transmitter. This color-
burst signal is approximately 9 cycles
of a continuous sine wave whose fre-
quency is 3.579545 me (approximately
3.58 me). The 3.58-me tuned transform-
er in the plate circuit of the first video
amplifier serves as a pick-off coil for
the color-burst signal which is applied
to the burst amplifier and—by acting
also as a 3.58 mc trap with respect to
the monochrome or luminance take-off
from either plate or cathode of the first
video amplifier—keeps the color burst
and subearrier (color information) out
of the luminance channel.

The color-burst signal is shown (see
Fig. 2) in the composite color video
signal and at the output of the 3.58 me
transformer. Actually some chromi-

*Raytheon Manufacturing Company,
sion and Radio Division.

Televi-
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PHASE
DETECTOR

BURST
AMPLIFIER

PHASE
CETECTOR

nance ol color information will also ap-
pear at the output of the 3.58-mc tuned
transformer, as the color subcarrier is
at the same frequency as the color-
burst signal. To prevent this, the burst

amplifier is gated—allowed to con-
duct only during the horizontal blank-
ing period—by a pulse from a winding
on the horizontal deflection transform-
er. Since the color-burst signal occurs
during the horizontal blanking period
(Fig. 2) and the burst amplifier is gat-
ed, only the color-burst signal will be
amplified by the burst amplifier. This
action is very similar to that of a gated
a.g.c. circuit, where a pulse from the
horizontal deflection transformer al-
lows the a.g.c. tube to conduct only for
the period corresponding to the horizon-
tal sync pulse. The operation here is
the same, only the pulse is delayed
slightly by a resistance-capacitance net-
work in the cathode circuit so the pulse
will occur at the time of the burst.
Applying a negative pulse to the ca-
thode has the same effect as a positive
pulse applied to the plate of an a.g.c.
tube. Between pulses the tube is held
at cutoff by a positive bias voltage ap-
plied to the cathode by a resistor net-
work connected to B plus.

Referring to Fig. 1 again, the color-
burst signal from the burst amplifier is
applied to the phase detectors which
feed a reactance tube which in turn con-
trols the color oscillator. One output
from the color oscillator feeds the I and
Q demodulators through a buffer stage
while the other output is fed back to the
phase detectors through the phase am-
plifier. The operation and funection of
the phase detectors, oscillator, and
phase amplifier are similar to that of
the horizontal oscillator and control cir-
cuit in many monochrome and color re-
ceivers. Two sync pulses of opposite
polarity and equal magnitude are usu-
ally derived from the incoming hori-
zontal sync, and are fed to the phase
detectors (a.f.c. diodes) which compare
these pulses to a signal fed back from
the horizontal oscillator. The discrimi-
nator action of the phase detectors pro-
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PHASE
AMPLIFIER

BUFFER
AMPLIFIER

3.58 MC
OSCILLATOR

REACTANCE
TUBE

duces a d.c. bias voltage when the oscil-
lator is slightly off frequency and ap-
plies this d.c. bias voltage to the oscil-
lator for frequency correction.

The phase detector input transformer
in the plate circuit of the burst ampli-
er (Fig. 3) is tuned to the burst fre-
quency (3.58 me) and provides the two
syne signals at 3.58 me of equal magni-
tude and 180 degrees out of phase (op-
posite polarity) to the phase detectors
by the split secondary winding. The
signal from the oscillator coupled
through the phase amplifier is com-
pared to the incoming color-burst sig-
nals and is used as a reference so that
any phase difference results in a d.c.
bias voltage applied to the reactance
tube. The polarity of the d.c. bias volt-
age depends on whether the oscillator
signal is leading or lagging the refer-
ence burst signal and the magnitude is
dependent on the degree of lead or lag.

The d.c. bias voltage is applied to the
reactance tube which controls the fre-
quency of the oscillator. The reactance
tube, for simplicity, can be considered
a variable capacitor in parallel with the
crystal of the oscillator. The resulting
or effective capacitance presented by
the reactance tube varies according to
the polarity and magnitude of the d.c.
bias voltage from the phase detectors.

The crystal-controlled oscillator is
connected as a cathode follower for the

TO BURST AMPL .,
3 1‘7
%

3.584C TRAP L

IST VIDEG AMPL

S

8+
COLOR BURST SIGNAL
BURST ﬁ I

COMPOSITE COLOR VIDEQ SIGNAL

Fig. 2—The burst amplifier signals.
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circuit shown and generates a 3.58-mc
signal which is applied to a demodu-
lator. The function of the color osecil-
lator is identical to that of a local oscil-
lator in a radio receiver. The demodu-
lator can be considered similar to the
first detector or converter in a radio
receiver. The r.f. signal in a radio re-
ceiver is coupled to the converter stage
along with the signal from the local
oscillator. The difference frequency (lo-
cal oscillator frequency minus r.f. signal
frequency) is coupled to the i.f. ampli-
fier. The chrominance signal or color
information (similar to the r.f. signal)
from the bandpass amplifier is coupled
to the demodulator (similar to the con-
verter stage) along with the signal
from the color oscillator (similar to the
local oscillator). The resulting signal
(similar to the difference frequency)
from the output of the demodulator is
coupled to an amplifier.

From the above it can be seen that

A typical color syne crystal.

the only function of the color oscillator
is to generate two signals at the same
frequency (3.58-mc) and 90 degrees out
of phase with each other, to be applied
to the demodulators. Due to the compo-
sition of the chrominance signal, two
demodulators are required, necessitat-
ing two signals—90 degrees out of
phase with each other—from the color
oscillator. This is accomplished in the
buffer amplifier by transformer T4.
As mentioned previously, the color
oscillator jis crystal controlled. The
color television standards are precise, so

the frequency and phase tolerance of
the color oscillator are extremely criti-
cal. To meet these critical tolerances
a crystal oscillator is used, as it has
a very high Q so that once it is locked
in phase and frequency it is very stable
and difficult to disturb. A crystal
oscillator may be something new to the
average television service technician
unless he is an amateur or has had
experience with transmitters. The
photograph shows a typical crystal
used in a color oscillator. It is 5/16
by 11/16 by 34 inch in size and the
operating frequency 3,579.545 ke. (3.58
me.) is usually stamped on its top side.
It is equivalent to a tuned circuit with
a very low energy loss due to the low
resistance value of R and so presents
a very high Q.

Reviewing the over-all operation of
the color oscillator and control circuits,
assume that the oscillator is slightly
off frequency. Since one of the outputs
from the oscillator is coupled back to
the phase detectors through the phase
amplifier (an amplifier tuned to 3.58
mc) a phase difference will result be-
tween the burst and oscillator signals.
This phase difference will cause a
change in the d.c. bias voltage applied
to the reactance tube, which will change
the effective capacitance across the os-
cillator to change frequency and phase
to correspond to that of the burst signal.
This elaborate control network for the
color oscillator is necessary as a fre-
quency tolerance of not more than 11
cycles deviation is allowable. False
color information will result with even
the slightest change in the frequency
of the color oscillator.

The other output from the oscillator
is coupled to a buffer amplifier. In the
plate circuit a quadrature transformer
(T4 in Fig. 3) is used to obtain two
signals 90 degrees out of phase (one
signal lagging the other by quarter of
a sine-wave cycle) for application to
the demodulators. The demodulators,
to be covered in our next article, beat
the chrominance signal with the two
signals from the oscillator to obtain
the three color signals (red, green, and

BURST AMPL. T2 T3 PHASE AMPL.
i e it T
- tH b4 T 1l 3 a
FROM IST VIDEQ T o= A I 1 yyvw i
AwPL. i == B A FET A $
:%n = 2] b3
i i b
70 COLOR KILLER T
—— =
e+ 300V

WINDING ON HORIZ FLYBACK TRANS

— ;
BUFFER T4 0 DEMOD'S
it ;
L, Tsiez
I $ < :: j—:

> :; T $S

=SV
P T ,

—
11—

+300V

Fig. 3—These are the circuits that synchronize the color in the picture.
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blue) after matrixing.

The only function of the oscillator
and control circuits is to provide two
signals to the demodulators, and the
burst signal’s only function is to
synchronize the color oscillator with
the station to assure proper color reg-
istration. Any defects in this section
of a color receiver will cause one of
two conditions: Either no color infor-
mation will appear on the picture tube
or the color information will not be
synchronized with the black-and-white
information. The face of the picture
tube may then portray a stationary
monochrome or black-and-white picture
with color bars running diagonally.
This is similar to the out-of-horizontal-
syne condition often encountered in
monochrome servicing. It will occur
when the color oscillator is slightly off
frequency, and the number of color
bars running diagonally will vary
according to the number of cycles the
oscillator differs in frequency from
the burst signal. The greater the dif-
ference in frequency, the greater the
number of color bars. Coil L2 in Fig.
3 will have the greatest effect on the
operating frequency of the color oscil-
lator and this adjustment will be pro-
vided as a control at the rear of the
receiver. If a condition of out-of-color-
sync (color bars running diagonally)
occurs, adjusting L2 will usually cor-
rect the condition.

In some instances the color oscillator
may be so far out of sync that the
number of color bars will be very high
and they will not be distinguishable.
Such a condition would generally be
caused by a circuit defect. Whenever
a condition of out-of-color-syne occurs
you can be sure that the defect is in
the color oscillator or control circuits.
Of course any control that could cause
this condition, such as tuning or coil
L2, should be adjusted to correct the
condition and then all the tubes in the
suspected circuit should be substituted
for.

If when tuned to a color telecast and
only a black-and-white picture appears,
the color oscillator and control circuits
may be at fault. However, other cir-
cuits—such as the color killer and the
burst amplifier, if defective—will cause
the same condition.

Trouble-shooting in this section of
a color receiver, once its function and
operation are understood, should not
be difficult. However, due to the critical
phase and frequency tolerances, caution
is necessary when component replace-
ments are required. A number of
resistors, capacitors, and coils have
close tolerances, and exact part re-
placements should be obtained if at all
possible. The general-purpose scopes
of most service shops will be inadequate
for checking this section because of the
limited frequency response of the
vertical amplifier. A scope with a
vertical amplifier frequency response
of at least 3.6 mec. will be needed to
observe the color burst and oscillator
signals. (TO BE CONTINUED)
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GHOST ATTENUATOR

By H. E. WARRINER

FTER opening the TV door for
maximum input from a good
roof antenna installation, many
of us have found that the excel-

lent signal strength has included a
bounty of dead cats. This is true par-
ticularly in city installations considered
primary telecast zones—the dead cats
being persistent ghosts from nearby
tall buildings, chimneys, or gas tanks.
This problem, encountered so close to
the transmitters, calls for a compro-
mise one way or another. You either
live with double vision or seek out new
antenna locations and set up separate
narrow-beam antennas with matching
stubs.

But what else can be done about
persistent ghosts after you have done
the best possible job of orienting your
roof antenna in a strong multipath
area? Before you compromise on one
or two clear channels and discount the
rest, here’s how to put the principles
of mismatch to work in a positive way:
Attenuate the ghost!

For fringe-area reception the antenna
lead-in should be perfectly matched to
the TV set. Mismatch of the line will
choke off reception as standing waves
form on the line. Equalizing devices
such as variable matching stubs will
correct line mismatch for maximum
fringe area reception.

In local strong-signal areas line mis-
match creates standing waves that are
amplified into visible ghosts by the
great strength of the transmitted signal.
The antenna may also produce ghosts
from the crossfire of multipath reflec-
tions. The city dweller living close to
transmitters receives too much signal

wer.

The handling of excess signal strength
is recognized by many TV manufae-
turers who install local and distance
switches in their equipment, or provide
attenuation-pad instructions to accom-
modate their sensitive tuners. Too much
signal input ereates harmonics and too
much eontrast or loss of definition. So
there is a definite need for control of
the signal before it enters the TV set.

Since there are situations where
multipath effect is alimost unavoidable,
lead-in mismatch and too much signal
strength can further aggravate the
problem. Hcwever, these factors can
be harnessed to work just as well for
good reception as against it. The 4-way
antenna attenuator (Fig. 1) will give
you a wide variable control of your TV
antenna and lead-in. If you must accept
a ghost-present compromise at the
antenna you may still be able to fade
the ghost before it reaches your screen.
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Ghosts in a primary service area are
subject to antenna and lead-in attenua-
tion because there are two or more
signals in the system, the original being
the stronger. If the roof antenna is
properly oriented toward the trans-
mitters, any ghost-producing secondary
signals will be entering the antenna
pattern from the sides or rear. Their
strength is therefore less than that of
the primary signals. Because of this it
is possible, by skillful attenuation and
a degree of controlled mismatch, to
minimize or completely eliminate such
unwanted secondary signals. This can
be done without sacrifice of a good pic-
ture from the original signal since it
is over-abundant. There is a margin
of decrease which is actually good, for
the set is relieved of overload. This
effect can be scen on clear channels
where some attenuation improves pic-
ture quality.

Construction

The attenuator consists of four car-
bon potentiometers (taper unknown,
probably linear) wired in a conven-
tional attenuation network, mounted
on a 4 x 4-inch lucite blank (Fig. 2).
One 2-inch angle bracket holds the
attenuator on the back of the set close
to one side within easy reach for adjust-
ment while you watch the picture
screen. Lucite was selected for its low-
loss characteristic at v.h.f., even though
the attenuator was designed to insert
losses into the line. The fact remains
that there may be channels on which
yvou will need maximum gain.

Experiments with and without line-
matching stubs at the set terminals
show that the line can be balanced to
the set by proper adjustment of the
attenuator so no additional line bal-
ancers are required. The device has also
been used with excellent results from
simple dipole, indoor antennas, giving
improved reception in every case.

In the schematic, Fig. 8, two 5,000-
ohm carbon potentiometers, A and B,
are the main attenuators through which
both legs of the line pass. Crossover
1,000-ohm balancing potentiometers C
and D are equipped with regular line
switches for cutting in and out of the
circuit as needed. Some ghost condi-
tions clear up best with either C or D
in the circuit, or both. In my case,
channel 2, New York City, which is
perfectly clear without any attenuation,
yields a better picture with some atten-
uation on A and B and a shade of
crossover balance from D. Channel 4
requires the full system, while channel
7 needs only attenuatior, on B. The
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Fig. 2—Diagram shows the physical
layout of the carbon potentiometers.
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Fig. 3—Schematic of TV attenuator.

resistance values are high for purpose
of strong ghost medicine on the low
channels of the v.h.f. band.

Operation

The method of operation is simple
and the only rule to follow is to watch
your screen closely for the desired
results—clear pictures. If your set has
LOCAL and DISTANCE switching, turn to
DISTANCE when using this attenuator;
it will perform best at full input. With
C and D cut out of the circuit, turn A
and B away from zero until ghosts are
eliminated or minimized. These controls
work against each other as you are
inserting degrees of mismatch into the
lines. Then cut in C and D for line
balance, checking all adjustments
against each other for desirable shad-
ing. You will find that proper adjust-
ment will reach a point of minimizing
or routing the unwanted ghost. END
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TELEVISION . . . it's a cinch

From the original La Télévision?
...Mais c'est trés simple!” Trans-
lated from the French by Fred
Shunaman. All North American
rights reserved. No extract may
be printed without the permission
of RADIO-ELECTRONICS and the
author.
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| DAMPED | CIRCUIT

By E. AISBERG

Twelfth conversation, first half: r.f.
problems, visible noise, selectivity
versus bandpass

WiLL—Now that we’ve taken your “Empire State Tower”
view of how a television receiver is made up, how about
getting right down to circuits this time?

KEN—O.K.! Suppose today we follow the video signal
from the antenna to the picture tube. We can forget the
power supply, syne, and other auxiliary circuits for the
time being.

WiLL—In other words, we’ll go through the r.f. amplifier,
frequency changer, picture i.f., detector, and video-amplifier
circuits. I didn’t realize that TV was so much like radio—
the only difference seems to be that instead of andio, we
have video signals. All the rest is just the same!

KEN—You've been wrong plenty of times before, Will,
but not often quite as dead wrong as you are now! How
many times have I tried to tell you that even the best broad-
cast radio transmission nas a bandwidth of less than 20
kilocycles, while a single television video channel is 4
megacycles wide? That one thing makes each and every
circuit different!

WirL—Different, but not difficult. For instance, you
wouldn’t have to make your circuits as selective as in radio.
You get out of one difficulty right there!

KEN—You mean you get into one! Just as in AM radio,
you have to worry about trying to satisfy the opposite
demands of selectivity and fidelity, so in television you are
faced with the struggle between getting a broad enough
band and getting enough gain.

WILL—You seem to have a few contradictions today
yourself! [Isn’t it just the circuits that aren’t selective that
pass a wide band? When [ remember how much trouble
we used to have making our circuits selective enough, I
don’t think there can be much difficulty in cutting down the
selectivity. All you have to do is use what in radio we
called low-quality ecircuits.

KEN—This time you're right. Unfortunately, you can’t
get very much gain with “low-quality ecircuits.” And you
have to apply up to 50 video volts to the picture tube’s
control element, even though the signal on the antenna may
be measured in microvolts. You need a voltage gain of
several hundred thousand to do that!

WiLL—So that’s why a TV receiver has so many stages
of different kinds of amplification?

KEN—That’s the main reason. We’'ll go into some of the
other reasons later.

Why the r.f. stage?

WiLL—I've noticed that you can have a couple of r.f.
stages, a number of i.f., and two or three video amplifier
stages.

KEN—You don’t see many sets like that! But sets with
one r.f., three i.f., and one or two video stages are becoming
the common type. And notice, Will, that when you have
your i.f.s tuned up above 40 mec, you are already in the
v.h.f. range. So you can be studying v.h.f. while you learn
how the i.f.’s operate.

WiLL—But if that’s so, why bother dividing up the
amplification between r.f. and if. stages? Why not use
just one 5-stage i.f. amplifier?

KEN—F'irst of all, your amplifier is likely to oscillate if
you cascade too many stages, even though the gain of each
stage is pretty low. With two amplifiers working at dif-
ferent frequencies, you're going to have less regenerative
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feedback. But the r.f. amplifier has a far more important
advantage. You can use it to cut down the amount of noise
as compared with signal.

WiLL—But why worry about noise in a picture receiver?

KEN—The word “noise” came from AM radio, but we
give it a little different meaning in television. It means all
those current irregularities that result in the confused rush-
ing noise you hear in an AM radio with no signal and the
gain turned up. It’s caused by several things: the current
flowing through resistors, oscillating circuit irregularities,
and unevenness in the cathode emission of the many tubes
in the set.

WILL—But even then, noise in inaudible in a video
channel!

KEN-—Yeah, but it’s not invisible! "These irregularities
of current—amplified through all the stages of a TV vre-
ceiver-—modulate the electron beam just as a video signal
from a transmitter would. So the noise comes out on the
screen as snow or a grainy image. I'm sure you’ve seen
both, though maybe you didn’t know you were looking at
noise!

WILL—So r.f. amplification makes the pictures less
snowy?

KeEN—Exactly! In more technical terms, r.f. amplifica-
tion improves the signal-noise ratio. And it has still an-
other advantage. Even though TV r.f. stages are not
particularly selective, they are a great help in cutting down
interference from stations on neighboring channels.

WiLL—But I thought the FCC didn’t allot adjacent
channels in the same area.

KEN—It’s supposed to work out that way, but there are
places where there is adjacent-channel interference. And
you have image frequencies to think about.

WiLL—Oh, yes! If I remember right, they are frequencies
that are the same distance away from your oscillator as
are the frequencies you want to receive?

KEN—Queerly put, but I think you have the idea. But
to make sure, suppose you have a channel 6 video signal at
83.25 me. With the oscillator at 129 me, you have an i.f. of
45.75. A signal at 174.75 me will give you the same i.f. with
the same 129 mc oscillator. The video carrier of channel 7
is at 175.25 me, only a half megacycle away—well within
the fine-tuning range of the usual receiver. Suppose you
lived in a region where channel 7 was a strong station and
channel 6 a weak one...?

WILL—. .. maybe I could get two programs at once, with-
out buying the expensive special receiver I read about not
long ago!

KEN—Except that you couldn’t unscramble them with
polarized glasses! But seriously, I think you’ve learned
enough to know how useful r.f. amplification can be in
a TV receiver.

WILL—So let’s start with the r.f. stage. How about a
diagram?

KEN—Here it is. Youwll recognize an old friend—the
tuned-plate circuit—in this schematic.

WiLL—Are you kidding? Don’t tell me that coil and
resistor in the plate circuit are a tuned circuit!

KEN—Haven’t we talked about invisible components be-
fore? If not, we’d better start now—they keep getting more
important as the frequency goes up! The capacitor you
can’t see across the coil is really there! It’s made up of
all the capacitances shunted across the winding—its own
distributed capacitance, stray wiring capacitances, and the
interelectrode capacitances (between the plate and the other
electrodes of the first tube and the grid and other electrodes
of the second tube).

WiILL—But why not use a variable capacitor, like a real
self-respecting tuned circuit...?

KEN—Because—to get any gain at all-—we need as much
inductance and as little capacitance as possible in our cir-
cuit. We even have to space the coil turns and keep leads
as short as possible, to cut down distributed and wiring
capacitances.

WiLL—I suppose the first grid coil is also a tuned cir-
cuit?
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KEN—Yes. And you'll note that it’s also inductively
coupled to the antenna coil.

WiLL—But I don’t see any variable capacitors or cores
if these are tuned circuits, how do you tune them?

KEN—By changing the coil inductance. Most of these
coils are made of a few turns of fairly stiff wire, so you
can tune them by squeezing the turns together or pulling
them apart a little. But they use permeability-tuned coils
occasionally at these frequencies, with cores of powdered
iron or of copper.

WiLL—I understand the magnetic core all right. But how
can a nonmagnetic core change the inductance of a coil?

KEN—The r.f. fields set up eddy currents in the conduct-
ing core. And these currents set up fields that oppose and
weaken the field of the coil. The effect is to reduce its ap-
parent inductance. You’ll notice that conductive cores have
an opposite effect to that of magnetic ones, which increase
the inductance.

WiLL—Then I see a practical difficulty. How are you
going to adjust the cores? If you move them in and out
of the coil by turning a screw, isn’t the metal in the screw
going to get into the argument?

KEN—Quite correct. And that’s the reason you’ll often
find the screws on this kind of coil made out of insulating
material.

WILL—You see, I think of everything! But let’s get back
to our diagram. I see you have resistors shunted across
your grid and plate coils. I hope they’re high-resistance
units! Otherwise they’re going to absorb a lot of that high-
frequency energy you've been trying to save.

KEN—I've bad news for you, Will! Their resistance is
pretty low—may go down to 5,000 ohms or so. But you're
quite right about their absorbing a lot of the energy in the
circuits. That results in what the technicians call “damp-
ing.” And it’s just such damping or flattening of the selec-
tivity curve that lets the circuit pass the necessary wide-
frequency band.

WiILL—That’s not my idea of a smart operation. Just to
pass all the video modulation frequencies, you feed the
tiny parcels of energy you get from the antenna into these
damped circuits. There you dissipate them in heat, instead
of amplifying them to help the signal. Isn’t that the most
expensive form of heating in the world?

KEN—You're absolutely right, but we can’t get away from
it! Now you understand why stage gain is low. But, to
make up for it, you can use very high-gain tubes. Some
pentodes with extremely high gain have been developed
specially for TV r.f. amplifiers. But, unfortunately, the
more elements you get in a tube, the more noise it pro-
duces. So some manufaecturers prefer to stick to the triode,
with its lower gain and better signal-noise ratio. Now
practically all TV front ends have an r.f. amplifier that
uses the famous cascode circuit, which econsists of two
triodes so hooked up that they give the gain of a pentode
with the mueh lower noise level of two triodes.

(TO BE CONTINUED)
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TV
SERVICE
CLINIC

Conducted by
MATTHEW MANDL*

ENTION mathematics to some
service technicians and you
get either a cold stare or an
effort on their part to change

the subject—but quick! Perhaps my
mention of math in this opening para-
graph has the same effect on you and
you're thinking: “If he’s going to dis-
cuss that this month, I might as well
skip reading the Clinic this time.”

I hope you keep reading, however,
because simple math can help you with
many servicing problems. I'd like to
illustrate:

Example 1. Sometimes you suspect
that the second-anode current of a pie-
ture tube is excessive. It’s easy enough
to measure the current—but what
amount is excessive? The general rule
given by tube manufacturers is that
the second-anode voltage multiplied by
the average anode current should not
exceed 6 watts. Thus, suppose you
measure 12,000 volts on a 16GP4 tube
—what is the current limit? Since
current flow is equal to power divided
by voltage, we divide 6 by 12,000 and
get 0.0005 ampere, or 0.5 milliampere.
Thus, % milliampere of current is our
limit for the 16GP4 with 12,000 volts
at the second anode.

Example 2. There are 20 horizontal
dark bars on the screen of a picture
tube during reception. What is the
frequency of the interfering signal?
Since the screen is darkened 20 times
during the wertical scan which occurs
in 1/60 of a second, the frequency of
the interfering signal is 60 times 20,
or 1,200 cveles. (One or two bars may
not be visible because of retrace, but
the calculation will give a fairly good
idea of the approximate frequency of
the interfering signal.)

For vertical bar interference, mul-
tiply the number of visible bars by
15,750 to calculate for the frequency
of the interfering signal which is reach-
ing the picture tube.

If the interfering signal is arriving
at the antenna and is not generated
within the set itself, the above calecula-
tion indicates the difference frequency

*Author: Mandl's Television Servicing
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Fig. 2—Video
amplifier
overpeaking.

which results when the interfering
signal mixes with the local oscillator
signal in the tuner.

Example 3. Your customer wants a
12-inch speaker mounted in his console
television. The set now has a 6-inch
speaker, but you don’t know its imped-
ance. The schematic indicates that a
single 6V6 audio output tube is used.
The tube manual recommends an 8,500-
ohm load resistance. You disconnect
the voice coil from the output trans-
former, and remove the 6V6 tube. You
now put 1 volt a.c. on the secondary
of the audio output transformer and
read the primary voltage. (Assume the
primary voltage now reads 46 volts
a.c.) This indicates the turns ratio of
the transformer, 46 to 1. Now square
46: 46 X 46 = 2,116. Divide the rec-
ommended load resistance by 2,116:
8,500 divided by 2,116 equals 4
(approximately). You then get a new
speaker having a 4-ohm voice coil.

The foregoing samples require simple
mathematics. If you become more
proficient as well as familiar with the
many formulas which can be used, you
will find it saves considerable tinie.

NoTE: I regret to inform the readers
of the Service Clinic that the press of
other work forces me to withdraw from
editing this column. The Clinic will
continue, however, so keep sending in
any queries you have on television
servicing. I'll still be associated with
this magazine as television consultant
and as a contributor of articles from
time to time.

Inverted picture

After replacing the wvertical output
transformer in « Philco model 2272
receiver the picture was upside-down.
I'm sure I wired the secondary to the
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Fig. 1—Mis-
adjusted fo-
cus assembly.
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yoke properly, but I had to reverse the
leads to get the picture right-side up.
Is there some condition which I've
missed with respect to the picture in-
verting? What other conditions cause
an upside-down picture? J. V., Beth-
page, L. 1.

The color code of the secondary may
have been incorrectly indicated. Since
the picture is now all right, it is obvious
that reversed leads caused the trouble.
The only other condition which gives
an inverted picture is extreme fold-
over. During the latter condition the
picture overlaps and the secondary
image will be inverted.

Bottom margin

I have been attempting to correct a
black margin at the bottom of the pic-
ture tube in a Stromberg-Carlson model
317. 1 suspect the circuit associated
with the 6BL?-GT tube is creating this
condition. Is there some circuit change
which I could make to correct this con-
dition? O. J. B., Olean, N. Y.

When this condition appears, cir-
cuits should not be changed, but rather
the faulty tube or component causing
this trouble should be located. A black
margin at the bottom may be caused
by improper picture positioning. For
this reason the focus assembly should
be adjusted to center the picture prop-
erly, and the height control should be
adjusted to fill out the mask. A mis-
adjusted focus assembly can cause
considerable picture shift, as shown in
Fig. 1. If height is inadequate, the
vertical output tube should be replaced.
If this does not help, a check should
be made of the resistors and capacitors
as well as other components in the
vertical oscillator and output amplifier.
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The vertical linearity control may have
to be readjusted when the height is
changed, since these controls often
aftect each other.

27NP4 substitution

I would like to change the 27NPi4
picture tube im a Muntz chassis 17B8
to some other 27-inch picture tube.
What tube will produce the most bril-
liancy and contrast and be mechanical-
ly interchangeable with the 27NP;?
E. C. P., Park Forest, Il

You could use the 27RP4 tube which
has an aluminized face. This will give
vou better brilliancy and contrast, and
this tube is interchangeable with the
27NP4. With the 27RP4, however, you
may get a brilliancy decrease if the
high-voltage system of the receiver is
not operating at peak efficiency. Usually
the 27RP4 is operated at approximately
1,000 volts more on the second anode
than the 27NP4 for the brillianey
necessary for daylight viewing. The
27RP4 is 1/16 inch longer than the
original tube. You could also use a
27LP4, except that this tube is 1 23/64
inches longer than the 27NP4. The
27LP4 requires approximately 2,000
volts more than the 27NP4.

Color conversion

Omne of our local television stations
18 broadcasting some programs in color.
I am interested in recetving these in
color, and have been wondering whether
or not it would be practical to convert
a present black-and-white set to color.
If it is practical, I would appreciate
advice on what problems are involved.
W. E. M., Charlotte, N. C.

It is not practical to convert a pres-
ent black-and-white receiver to color,
since the cost would be almost that of
a new color receiver. For color recep-
tion it is essential that the video i.f.
stages and the turner have a bandpass
of 4.2 megacycles to receive full color
information. Many existing black-and-
white receivers have an i.f. bandpass
of only approximately 3.5 to 3.8 mec.
and would thus be unable to properly
handle the color information. In addi-
tion, it is necessary to have color de-
modulator circuits, a subecarrier oscil-
lator, bandpass amplifiers, matrix sys-
tems, and a much higher second-anode
voltage. These factors, plus numerous
other circuit modifications, make the
project impractical at the present state
of the art.

Sync troubles

I have just completed wiring a 630
type television kit. The picture quality
18 excellent but I receive a picture
where both the wvertical and horizontal
blanking bars meet at the center of the
screen. By decreasing the wertical
oscillutor grid leak the picture moved
up into its correct position wvertically.
By decreasing the 27,000-ohm  hori-
zontal oscillator grid leak, the other
blamking bar disappeared to the right.
I can hold the picture in the center of

52

the screen mow, but the horizontal and
vertical hold controls mo longer lock in
at the center of thewr range and they
are critical. The horizontal und vertical
controls are at the extreme end of the
range and the core of the synchrolock
discriminator secondary is screwed all
the way in to heep the blanking bar at
the right of the screen. Could you tell
me how to correct these defects? P. C.,
Toronto, Ontario.

Off-value parts in the vertical and
horizontal oscillators would necessitate
setting the controls at the extreme end
of the range for proper synchroniza-
tion. This can be corrected by check-
ing all parts values against the sche-
matic and replacing any which are off
by more than 5%. If this does not
help, the lack of center-range control
may be caused by improper lead dress.
Wires should be kept short and spaced
from other component parts or adja-
cent wiring. If this does not help, the
series resistors in the hold-control cir-
cuits can be changed to permit center
setting. When the vertical circuit is
out of synchronization it should roll
and not lock in with the blanking bar
across the center. When the latter
occurs, it usually indicates a higher
than normal hum level. When a 60-
cycle hum enters the vertical circuits,
the hum signal can cause a lock-in, and,
depending on the phase of the 60-cycle
signal with respect to the syne, the
blanking bar may be visible across the
screen.

Incorrect voltages in the horizontal
oscillator also will cause unstable
synchronization. Most technicians are
not aware that the synchro-lock hori-
zontal a.f.c. system used in the 630
receiver requires a step-by-step adjust-
ment for good lock-in as well as pull-in.
This involves adjustment of the phas-
ing control and the frequency control,
as well as the hold control. If this
information was not furnished with
the kit, you can find it in the original
RCA 630 service notes.

Overpeaking

In several receivers I hawve serviced
lately I noticed a picture which either
has a very slight ghost effect alony the
right-hand side of the objects or «
slight highlight along such edges. The
fime-tuning will, in some instances,
partially eliminate some of this trouble,
but wusually mot completely. I under-
stand the cause for the ghost reception,
but would like your explanation regard-
ing the cause for the faint highlights
o1 repeat lines following objects in the
picture. C. C. M., Scardsdale, N. Y.

Such repeat lines may be caused by
overpeaking in the video amplifiers
(see Fig. 2) or by a misoriented
antenna. For this reason, check the
antenna orientation, and if this does
not help, you will have to check the
tubes and parts in the video-amplifier
stages. Incorrect values in the peaking
coils, or shorted turns in the latter will
affect fine detail. When the peaking
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coils do not have the right value they
may over-accentuate the high-frequenecy
response, which will result in trailing
edges at fine-detail picture information.
Voltage checks also should be made,
since abnormal voltages can aggravate
the high peaking condition. The most
simple testing procedures consist of
checking tubes. If these do not help,
voltages and part values should be
tested, using accurate equipment.

Weak volume

I am servicing an RCA model
7T103B chassis KCS4L?F. The com-
plaint 1s low sound output, althougl
the picture is O.K. This is a split-
carrier type, taking the sound 1.f. from
the 8rd video i.f. stage through a sound
talke-off coil. The sound is not distorted
and it 18 mot extremely wealk, except
that the volume control must be turned
up all the way for mormal listening.
All of the tubes in the sound 1.f. stagye
and audio have been replaced and the
i.f. coil feediny the liomiter has been
taken apart and examined and found
to be O.K. 1 can short out the limiter
screen resistor and raise the sound out-
put almost 3 tines, but the fine-tuning
control wmust be readjusted to get the
increased sound, and then the picture
detail suffers. All capacitors and re-
sistors check, so I am at a loss to
understand the low audio output, unless
it could be caused by a defective sound
take-off coil or discriminator ecoil.
When adjusting the diseriminator to
zero at 21 me it 'scems that the dip
from positive to megative is not as
sharp as it should be, as I must keep
turning the adjusting screw several
turns before it starts in the other direc-
tion. Any help you can offer me in
correcting the above trouble will be
very much appreciated.

Since the picture is all right, the
weak sound undoubtedly is caused by
troubles after the sound take-off. You
mentioned having checked all the tubes
as well as replacing the i.f. coil feeding
the limiter. Since you have also checked
capacitors and resistors, the trouble is
probably caused by incorrect sound if.
alignment. For this reason you should
check the sound i.f. and diseriminator
alignment, using accurate equipment
and referring to the step-by-step pro-
cedures given in the service notes for
this receiver.

If vou have adjusted the controls
without accurate generators, you may
have thrown them off to a point where
the cumulative effects are contributing
to a decline in output. If proper align-
ment fails to give good results, and if
you are sure that tubes and compon-
ents are all right, vou may have to
replace the sound take-off coil as well
as the discriminator inductance. Before
doing this, however, check the output
transformer to make sure no shorted
turns or other defects exist. When dif-
ficulty is encountered in adjusting the
diseriminator circuit, it is wusually
caused by an unbalance. END
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REJECTION FILTER FOR TV BUZZ

ANY intercarrier TV receivers
produce an annoying 60-cycle
buzz or hum despite correct
adjustment and compliance

with the manufacturer’s operating
instructions. This is caused because the
audio amplifier responds to the 60-cycle
field repetition rate. Ideal design would
eliminate this undesired signal ahead
of the audio channel. This is hard to
do in practice. However, it can be
trapped out of the audio amplifier by
substituting for the conventional R-C

70 PLATE OF ¢ 0UT TO FOLLOWING
MEDIUM-MU 2% STAGE GRID
TRIODE RIS,22K S48
10%
*
B+ 132.7%

* 5% OR 8ETTER - SEE TEXT

Fig. 1—The parallel-T filter network.
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coupling elements a special parallel-T
filter network. The technique is also
suitable for audio amplifiers in other
applications which are plagued with
60-cycle interference from the power
lines.

The 60-cycle interstage coupling filter
is shown in Fig. 1. Many combinations
of resistance and capacitance attenuate
60 cycles. Only a few of these are satis-
factory for use with vacuum tubes.
The values shown were found to pro-
vide the best compromise between inser-
tion loss, good audio frequency re-
sponse, and effective 60-cycle rejection.
The parallel-T coupling network re-
duces the gain to about 85% of that
obtained with the conventional R-C
coupling network it veplaces. This
figure was obtained experimentally by
measurements at 1,000 cycles. In other
words, the insertion loss is about 1.5 db.
In TV receivers, this can generally be
tolerated, and is a worthwhile exchange
for annoying 60-cycle buzz.

Fig. 2 shows the frequency response
of a test audio amplifier incorporating
the parallel-T coupling network. The
degree of network balance affects the
response. Good balance increases the
attenuation of 60 cycles and improves
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Syne buzz, 60-cyele hum, and other audio

interference can be eliminated with a

notch type filter

like the parallel-T

By IRVING GOTTLIEB

the over-all audio frequency response as
well. The high-frequency response is
very good—better, in fact, than that
from the conventional R-C coupling
circuit. The combined effects of grid in-
put capacitance and stray wiring capac-
itance do not degrade the response at
high frequencies as rapidly as the
ordinary R-C coupling network.

For good balance the parallel-T
components (C2, C3, C4, R2, R3, and
R4) should all have tolerances of 5%
or better. Values specified in Fig. 1
give best results when working from
the plate circuit of a medium-g triode.
Other types increase the insertion
losses. R2 and R3 are each made by
connecting 240,000- and 27,000-ohm 5%
resistors in series. R4 is made by put-
ting 2,700- and 130,000-ohm 5% units
in series. Rl and R5 need not be precise
values. Optimum performance in any
given circuit is obtained by substituting
variable components for C4 and R4 and
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Fig. 2—Sharpness rejection notch

varies with values of the components.

adjusting these for exact circuit bal-
ance. A 250,000-ohm potentiometer may
be used for R4. Replace C4 with a
015-p4f capacitor. Connect .001 uf
capacitors in parallel with C4 to bring
the effective capacitance up to the vicin-
ity of the nominal .02 uf. For each
change in one arm, the other should be
readjusted. This tuning procedure is
easy with the test circuit of Fig. 3.
Although the performance of the bridge
is greatly improved by precise adjust-
ment of all its elements, tuning the
shunt arms alone will produce a 60-
cycle voltage rejection ratio of some-
where between 80 and 150 to 1. This
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is more than enough to trap out 60-
cycle interference and yield good audio
frequency response in television re-
ceiver and amplifier applications in gen-
eral. If an extremely sharp rejection
characteristic is required, vernier ad-
justments of the series elements will be
needed. The actual calculated value of
R2 and R3 is 265,770 ohms; that of R4
is 132,885 ohms. These values were
derived in terms of the 0.01-uf and the
0.02-uf capacitors used in the other
bridge arms. The equation for balance
or resonance is C4 X R2=4 X C2 X R4
when using the configuration in Fig. 1
where R2—R83=2R4 and C2=C3=
15 C4. The resonant frequency in cycles
equals 0.159/C4 X R4, where C is in
microfarads and R is in megohms.

26T
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Fig. 3—Setup for tuning the network.

Parallel-T filters such as this have
numerous other applications in audio,
electronic control, and communications.
A filter tuned to 10 ke may be inserted
in the audio-amplifier circuits of a
high-fidelity tuner or receiver to at-
tenuate adjacent-channel heterodynes
and whistles. Tunable filters may be
used in communications receivers to
eliminate heterodynes and interference.

Tuned amplifiers for communications
and electronic control often use a paral-
lel-T network in a feedback loop. The
feedback voltage is lowest and the
amplifier gain is maximum at the
resonant frequency. All other signals
are attenuated in proportion to the
feedback voltage at that frequency.

The parallel-T is the ideal frequency-
selective network for miniaturization
of circuits in audio oscillators, tuned
amplifiers, and filters in electronic
control applications such as radio con-
trol of model boats and airplanes. END
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Part XII—A popular “‘inverter,”’

HE final type of phase splitter we

shall discuss here is more complex

than the previous ones. Itis known

as the cross-coupled circuit and

was designed to overcome the one

characteristic disadvantage of all the
more common types.

Almost every commnion phase splitter

is unbalanced at the high and low fre-

Fig. 1—Conventional phase splitter.

quencies because of two factors: First,
the inverted signal goes through two
vacuum-tube amplifiers, while the unin-
verted signal presented to the other
output-tube grid goes through only
one. Thus the inverted signal is twice
subjected to the effects of tube output
capacitance and Miller effect, with the
result that its treble output is lower
than that of the uninverted signal.
Second, the inverted signal goes
through d.c. blocking capacitors twice,
so that its low-frequency output is
somewhat poorer. And of course at
both ends of the spectrum the phase of
the two signals is not exactly opposite
because of the unequal phase-shifting
effects of the unequal capacitive re-
actances.

It is true that in a well-designed
conventional circuit this characteristic
unbalance can be reduced to a very
low degree by a good choice of com-

*Audio Consultant, New York City

JLO IMP. GEN,

—
Fig. 2—A balanced phase splitter.
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the cross-coupled amplifier

By RICHARD H. DORFK*

ponent values, and most amplitier de-
signers do not go to the trouble and
expense of using the cross-coupled cir-
cuit. However, some amplifiers do con-
tain it, and it does maintain balance
over a larger spectrum, with resulting
possibility of more negative feedback
and less danger of instability.

The cross-coupled circuit really does
only one thing. It makes sure that both
the inverted and uninverted signals are
subjected to the same (or very nearly
the same) reactive effects.

Figs. 1 and 2 make this clear. Fig. 1
is a simplified a.c. diagram of a con-
ventional phase splitter. A generator
(phonograph preamplifier, or a voltage-
amplifier stage) feeds the grid of V1.
The output of V1 goes through C1 to
the upper output lead. So far so good.
Some of the signal from the upper out-
put lead (voltage divider not shown)
is fed to the grid of V2, and the V2
output goes through C2 to the lower
output lead. Notice that the upper
output signal has gone through one
tube and one capacitor; the lower sig-
nal has gone through two of each. Ob-
viously, there is no balance.

The split-load inversion circuit has
the same defect because, as we ex-
plained last month, the plate output is
at a high impedance, allowing tube
output capacitance to have its effect,
while the cathode output capacitance is
swamped by a low output impedance.

Fig. 2 shows the ideal balanced split-
ter (again as a simplified a.c. diagram).
The identical signal is applied to both
tubes, but in phase opposition. Each
signal goes through only one tube. and
if the tubes are identical the outputs
must be balanced. There is, of course,
one additional requirement. The lower
tube V2 is operating as a grounded-
grid amplifier with cathode input, so
its input impedance is low. The source
of signal, shown as a generator, must
therefore also be of low impedance.
And the low generator impedance
swamps out the input capacitances
which exist across the grid circuit of
V1.

If we tried to replace the generator
symbol of Fig. 2 with a practical source
such as a preamplifier output and, with-
out using transformers, tried to fill in
the details and make Fig. 2 practical,
we would have quite a problem in com-
pleting the d.c. circuits for plate cur-
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rent and bias. For that reason it is
necessary to use two additional triodes
as shown in the complete circuit of
Fig. 8. (Actually two duo-triode tubes
are used.)

Cross-coupled amplifier

The 6SL7-GT V3-V4 performs in the
same way as V1 and V2 in Fig. 2. The
6SN7-GT V1 and V2 of Fig. 3 simply
provides the low-impedance source and
facilitates the d.c. connections. V1 and
V2 do no phase inverting in themselves,

The sequence of events is not hard
to understand. The single-ended input
signal is placed between V1 grid and
ground, across R1. V1 is a cathode
follower and its output appears be-
tween its cathode and ground—that is,
across R2 and the upper part of R3.

A cathode-follower output signal
would normally be applied to the grid
of the following tube. However, re-
membering what we said in connection
with Fig. 2, the signal is fed to the
cathode rather than the grid of V3.

Let us assume for a moment that
R4 does not exist and that the V3 and
V1 cathodes are connected together.
We know that a signal fed into a tube
must be effectively placed between grid
and cathode (remembering that it is
usually “grid-and-ground” simply be-
cause the cathode is usually grounded).
But the grid of V3 is not connected to
any signal point where, as far as we
can see, this condition is fulfilled.

The answer to this is simple. The
V1 and V2 circuits are symmetrical for

-
vi B+ V3 220k B+
IN ¢

BALANCE
WW 1
2.2K 2.2K
4
ve V4
B+ 220K gy

Fig. 3—The cross-coupled amplifier.
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Fig. 4—One of the first audio ampli-
fiers using the cross-coupled circuit.

d.c., and, because of the cathode re-
sistors, both cathodes are positive with
respect to ground. IFor a.c. the cathode
of V2 corresponds to ground; so that
connecting the V3 grid to that point is
the same as connecting it to ground, as
far as the signal is concerned. With the
V3 cathode at the same potential as V1
cathode and the V3 grid at ground, the
a.c. signal excites V3 and an audio
signal is produced at its plate.

The d.c. potentials at the cathode
and grid of V3 (with R4 shorted) are
identical, so that V3 is operating with
zero bias. To get the correct bias we
insert R4. Current passes through R4,
making the V3 cathode more positive
than the V1 cathode and the V3 grid—
and there is the bias. (But even though
a d.c. voltage drop across R4 creates
bias, there is no audio voltage drop
across R4 which would reduce the
transfer of signal from V1 to V3. This
is simply because we apply only a po-
tential to a tube input to excite it and
the tube input draws no current).

Now let us see how V4 operates.
The V4 grid is connected to the V1
cathode, while the V4 cathode is con-
nected to the V2 cathode. This is
exactly the opposite to the V3 connec-
tions. The V2 cathode serves merely
as a point of equal potential and han-
dles no signal.

It should be obvious now that the
V3-V4 circuit of Fig. 3 is a practical
design of Fig. 2, and obvious why
cross-coupled is a good term to apply.
The low-impedance generator required
in Fig. 2 is the cathode-follower V1 of
I'ig. 3. V2 does no work of the kind
usually expected of a tube; it simply
provides a necessary d.c. level. The
balance potentiometer R3 compensates
for any variation in tubes or compo-
nents and allows the d.c. level at the
V2 cathode to be set so that it is ex-
actly the same as that at the V1
cathode.
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However, there are three very useful
ways in which V2 can be put to more
profitable use. Notice that the entire
circuit from beginning to end is per-
fectly symmetrical. Obviously the in-
put can be applied to either V1 or V2
with equivalent results except that the
phase at the push-pull output will
change. The circuit thus can be used
as a push-pull amplifier for balanced
signals. A typical use might be as a
transformerless bridge to monitor a
balanced broadcast or telephone line.

Two separate single-ended signals
also may be applied to the two grids,
in which case the circuit is a combina-
tion electronic mixer and phase split-
ter. For this use R1 and R5 might be
made potentiometers, with the grids
connected to the arms.

The third use, which is desirable
wherever the circuit is used, is as a
self-balancer so that no instruments
need be used to set R3 properly. If a
single-ended signal will change phase
at the output when changed over from
one grid to the other, then the same
single-ended signal applied to both
grids in parallel will produce cancella-
tion and zero output—if the circuit is
properly balanced. Therefore, to set
the balance control, any single-ended
signal is applied between ground and
both grids temporarily connected to-
gether (perhaps by a push-button).
Then R3 is varied until no output is
heard, and balance is perfect.

The circuit as shown in Fig. 3, once
the balance adjustment is set, can be
unbalanced only by a difference in the
output capacitances of V3 and V4. This
is only a fraction of a guf and unbal-
ance is negligible up to almost 1 mec.
The voltage gain of the circuit is 25,
and the output can be run up to 50
volts or more (meaning input maximum
of 2 wvolts or so) without significant
distortion. Negative feedback from the
output transformer can be fed to the
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V1 cathode. It need not be fed sym-
metrically to the V2 cathode as well,
because a signal fed only to the V1
cathode will give balanced results for
the same reason that the V1 signal
itself does. The feedback could be
connected to V2 instead, of course,
with the same results.

Fig. 4 shows one of the first ampli-
fiers made available to high-quality
audio enthusiasts using the cross-cou-
pled circuit. It was designed by Ulric
J. Childs., The first two tubes at left
are for the cross-coupled circuit. The
next is a gainless feedhack stage, and
the fourth is a direct-coupled driver
for the push-pull-parallel 807 power
stage.

Power output stages

The power output stage of an ampli-
fier might well be characterized as the
most important because it is the hard-
est stage to design and operate cor-
rectly. The output stage, unlike those
preceding it, is concerned with power,
a good deal of power which must drive
a loudspeaker required to push a con-
siderable amount of air—a substance
not as light as some might think. De-
signing a good power stage is a little
like training an elephant to dance the
more delicate selections from Tchaikov-
sky’s Swan Lake ballet. Just as in
mechanical engineering bodies are
harder to move accurately and quickly
when they are larger and heavier and
require more pushing power, so power
output stages are harder to control
accurately than voltage amplifiers
which merely deal with voltages and
do little if any actual work.

The reasons for the difficulties and
the methods used to clear them up are
more intricate than in mechanical engi-
neering and brute force is of little
value. Next month we shall embark
on our discussion of the power amplifier.

(TO BE CONTINUED)
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servicing

HE testing routine using the IM

analyzer with or without a scope

as detailed in my last article, is

by far the most effective when the
IM is below 10 or 129,. But when the
IM distortion is higher, amplitude dis-
tortion usually exceeds 3%, and in that
case using an audio generator and a
scope to give a phase-shift pattern is
faster and yields more information.
This method has been described many
times, but seldom from the point of
view of the service technician—that
is, with the purpose of pointing out
how it may be used most effectively
to diagnose trouble.

The layout for this type of testing
is shown in Fig. 1. The amplifier is
loaded by the internal load of a watt-
meter, or, if no wattmeter is available,

O

VERT HORIZ
iN N

WATTMETER

AUDIO
GEN, AMPL.UNDER TEST

=

|

Fig. 1—Audio amplifier test setup.

by an appropriate load resistance. The
wattmeter is most helpful as an indi-
cator of the output level at which dis-
tortion begins.

The IM analyzer should be handy for
making IM runs, since it is still the
best measure of real high-fidelity per-
formance. All that is necessary to make
an IM run is to substitute the signal
from the IM analyzer for that coming
from the audio generator, and to shift
amplifier output from scope to the
analyzer portion of the IM meter. The
shop specializing in hi-fi servicing
might very well construct a junction
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equipment

Part VI—Using oscilloscope patlerns

Sfor analyzing and localing troubles

By JOSEPH MARSHALL

and switch box (Fig. 2). Thus the in-
struments could be connected to the
junction box more or less permanently.
All that would be necessary to make a
test would be to run three wires from
the amplifier under test—a common
ground, a hot input and a hot output.
The double-throw switch would auto-
matically change the setup from scope
to IM analysis.

The test procedure is simple, once
it has been tried a few times. We will
assume your scope has a square on the
ruled grid, of the type shown in various
diagrams of Fig. 3. If it does not, you
can ink one on or make a new onec of
thin plastic to slip over the present one.
Such a marking is of very great assist-
ance in interpreting the patterns and
diagnosing causes of changes in it.

Phase-shift patterns

Set the audio generator for around
1,000 cycles. Adjust the generator out-
put, the amplifier gain, the scope gain
and positioning until you obtain a
straight line running diagonally from
corner to corner of the square, as in
a of Fig. 3. If you do not get a straight
line, but rather some sort of oval or
ellipse, shift the generator frequency
until you find a point at which a line
is formed. It will take some experi-
mentating to learn how the various
controls are manipulated to obtain this
diagonal line. It will help if you re-
mentber that increasing the vertical
amplitude or gain of the scope or the
volume control of the amplifier will
tilt the line upward, while increasing
horizontal gain will tilt it downward.
Concentrate at first on obtaining a line
of any length, which tilts the necessary
45°. When you have this, position it
in the center of the square. Now an
increase or decrease of generator out-
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put will either stretch the line or con-
tract it so that it goes from corner to
corner of the square without changing
the tilt.

The straight line, running from
corner to corner of the square, indi-
cates that the voltage applied to the
horizontal plates of the scope is exactly
equal to that applied to the vertical
plates; and that there is no (or 180°)
phase shift between generator output
and amplifier output. Any change in
the output of the generator, the gain
of the amplifier, and any shift in phase,
will be indicated by a change in the
pattern. Changes in output or gain
will change the size of the pattern;
changes in phase will change the form
or shape and possibly the size too.
What’s more you can tell at a glance
whether the change is due to a change
in generator, amplifier, or both.

For example, let us suppose the
amplifier is flat but the generator is
not. If generator output increases or
decreases, the pattern will enlarge or
contract in both directions. If generator
output inereases, the straight line will
expand beyond the square; if lowered,
it will contract inside the square. If in-
stead of a line, there is an ellipse or
circle, these too will either expand be-
yond the square or contract within it.
Ordinarily a change in generator output
will not prdduce a change in the form
of the pattern, but the inclination or
angle of the line or pattern may
change. These changes are detailed in
a of Fig. 3.

If the generator output is constant,
but amplifier gain varies, the pattern
may shift in form because of phase
shift, and will enlarge or contract in
the wvertical direction. As long as the
generator output is constant, the ex-
tremes of the pattern will continue to

RADIO-ELECTRONICS
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touch the sides of the square; but, if
amplifier gain varies, they will no
longer touch the top and bottom. These
effects are shown in . You may have
both a shift in size and a shift in form.
If amplifier gain is constant, but there
is a phase shift within it, the size of
the pattern will be the same, but the
line will turn into an ellipse or vice
versa. On the other hand, you wmay
have both a change in phase and a
change in gain; in that case the form
will change and the pattern will en-
large or contract vertically. The im-
portant thing here is to keep in mind
that whatever the change in the pat-
tern, if it continues to contact the two
sides the change is due entirely to a
shift in amplifier characteristies.

There may be a combination of effects
—the generator output may change
and the amplifier gain may simulta-
neously inecrease or decrease. The
change in the trace will depend on the
net effect and can be analyzed by
examining the relation of the trace to
the sides of the square. Thus if the
generator output decreases but ampli-
fler gain increases to a greater extent,
the pattern will no longer touch the
sides of the square, and will pass
through the top and bottom; conversely,
if generator gain increases, but am-
plifier gain falls off to a lesser extent,
the pattern will pass through the sides
of the square but will no longer touch
top and bottom.

In other words, the pattern reflects
the changes in bhoth the generator and
the amplifier under test and you can
tell at a glance whether the change is
due to generator or amplifier or both.
There is no necessity for monitoring
the output of the generator or the am-
plifier; the scope simultaneously mon-
itors both of them. Drawings at ¢ in
Fig. 3 show effects of changes in gen-
erator output and amplifier gain.

Distortion indications

All the forms of distortion which
occur in amplifiers are indicated on the
phase-angle patterns. For instance,
clipping due to underbiasing or over-
driving will be indicated by a very
sharp bend of the line toward the out-
side of the square and an extension of
the line parallel to the top or bottom
as the overdriving becomes more severe.
If you will recall what I have already
said about the hehavior of this setup,
you can understand this readily. Clip-
ping means that the amplifier is sat-
urated—its gain stops and a further
input of signal produces no further
increase in output. So the signal de-
livered to the vertical plates of the
scope does not increase. On the other
hand (assuming that we control gain
and produce the distortion by increas-
ing generator output) the input to the
vertical plates continues to increase.
So the line pattern stops growing up-
ward, but continues to grow sideward.
Because the relation between the two
forces has changed, the angle of the
line at its end changes, therefore the
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sudden bend in the line pattern.

At any rate, clipping due to either
overdriving or underbias produces a
very severe and sharp bend as indicated
in ¢ of Fig. 4. If the clipping occurs
only on the positive or the negative
peak, the bend will show on one end of
the line only. If it occurs on both posi-
tive and negative peaks, you have a
similar bend on both ends. A single
bend may result from overdriving a
single-ended amplifier such as a pre-
amp; or it might be the result of over-
driving one side of an unbalanced
push-pull stage. Symmetrical bending
occurs only in push-pull stages; if the
two bends appear at about the same
signal input level, the stage is well
balanced; but if one bend appears
long before the other, the stage is un-
balanced.

If the pattern is ellipsoid or circular,
the top of the trace will be squared to
a straight line and a crimp will appear
in the rounded portion close to one end
and on the outside of the pattern. In
symmetrical clipping, the effect occurs
on both ends.

How do you tell whether the distor-
tion is due to overdriving or under-
biasing? Very easily. In a well-
designed amplifier, such as any com-
mercial high-fidelity amplifier, over-
driving occurs only near maximun
output. So watch the wattmeter as
you force the bend to appear by increas-
ing generator output. If the bend starts
reasonably close to maximum rated
output, it is caused by overdriving;
but if it occurs considerably below
maximum rated output, it is due to an
underbias condition caused by some
shifting of the operating characteristics
of one or more stages. Be careful to
take line voltage into account; when
the line voltage is unusually low, the
bend will appear considerably below
rated output even in a perfect am-
plifier; while if the line voltage is much
higher, it will appear around rated
output in a bad amplifier. Often, excess
distortion is due to nothing more serious
than low line voltage.

The effect due to overbiasing or
operation on the bend of a tube’s
curve, is indicated in b for the various
shapes. The bend due to clipping is a
very sharp one; the bend due to curva-
ture is much more gentle, really a
curve rather than a bend.

When the pattern is an ellipse or
circle, curvature merely flattens the
ends, whereas clipping turns them into
straight lines. The ecrimp in the out-
side edge is more gentle and more
kidney-shaped. When in doubt, how-
ever, you can always turn the scope to
the internal sweep position, synchro-
nize, and look at the sine wave. Clipping
squares the top severely—in extreme
cases makes a square wave out of the
sine wave—while curvature merely
spreads the peak, producing a wider
bend.

The bend due to curvature may also
be symmetrical or single-ended. Here
too, the single-ended one can be due to

www americanradiohistorvy com

AUDIO—HIGH FIDELITY

F°To SCOPE HORIZ CHANNEL

TO AUDIO GEN.
sl e

TO 1w ANALYZER OUT Lo wo-=i o
O

l n TO SCOPE VERT CHANNEL
TQ ANALYZER IN Lo 52

o ?

TC AMPL. IN

o
$1,52-D.PD.T. LEVER Sw TO WATTMETER

L———o
T0 AMPL.OUT

Fig. 2—A junction and switch box.

a single-ended stage or to an unbal-
anced push-pull stage, and the un-
balance can be determined by the dif-
ference in the appearance of the two
bends.

It is possible to have clipping on one
end and curvature on the other end.
This would appear when the operating
point of a stage is very close to the
middle of its operating curve. The
positive peaks would be clipped when
the grid turns positive; and the nega-
tive peaks would be curved when the
tube gets close to cutoff. Although,
theoretically, this should occur often,
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Fig. 3—Gain and phase angle patterns.
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in practice it seldom does, since few
operating curves are that symmetrical.
This form can also occur in a not very
well balanced push-pull stage, espe-
cially one with a balaneing control.
In this case one half can be overbiased
and the other half underbiased.

In high-fidelity amplifiers in which
most or all stages operate class A and
not beyond ABI, clipping is likely to
occur earlier than curvature. This is
because in a class A stage the quiescent
operating point is usually nearer the
zero bias than the cutoff point. So if
a curvature bend occurs before a clip-
ping bend, an abnormal overbias con-
dition is indicated.

In-phase distortion

The common forms of distortion are
out-of-phase with the original signal;
but there are some forms of distortion
which are in-phase. These are indicated
by a bend toward the inside of the
square as shown in ¢. The shape of the
bend is similar to that of curvatuve,
but the direction is opposite; the figure
will usually expand vertically a little,
but this is not usually very noticeable.
The single-ended type of in-phase dis-
tortion is sometimes found in amplifiers,
like the Williamson, which use the split-
load or cathodyne inverter. This hap-
pens if the output tube or amplifier
driven by the cathode is overdriven
hard enough to draw grid current.
When this happens the cathode of the
inverter is partially shorted. The re-
sult is that the plate-side gain increases
to more than 1. This is easily spotted
because shifting to the sine-wave pat-
tern will show that the sine wave has
a peak on it, instead of being flattened
or squared.

Symmetrical in-phase distortion oc-
curs normally only under class B
operation and therefore is unlikely to
be found in a high-fidelity amplifier.
If it does show up, it indicates that
the output-stage characteristics have
shifted so severely as to throw the
stage into or near class B operation.
This could happen if the bias supply
has gone haywire and has increased
the bias voltage severely.

Figures in d indicate the changes
in the pattern caused by transformer
core saturation or magnetization. It
will oceur with almost any amplifier
at half-power output or more below 40
cyeles. If it happens far below maxi-
mum rated output it could be due to
unbalance in the output tubes since
this would cause the uncanceled d.c.
in the primary to increase and thus
produce earlier saturation and mag-
netization. The straight-line pattern is
the least likely in this case because in
most amplifiers there will be some
phase shift below 50 cycles and the
pattern will be an ellipse or circle.
1t is easily distinguished from all others
by the extreme squaring off of two sides
of the pattern. When the effect is really
bad, you may get two parallel straight
lines joined by curves or loops.

In e we have the effect of parasitics
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or ringing. Very aptly the pattern
acquires riders very similar to those
which are produced on an if. align-
ment curve by the marker generator.

Many of these distortions can be
found in any amplifier—even one in
perfect operating econdition. The dif-
ference is that in a good amplifier they
appear only at or beyond the useful
maximum output; whereas in an ailing
one they occur very much earlier. A
good way to familiarize yourself with
the method is to put together a train-
ing amplifier with variable resistors or
potentiometers in the cathodes and
plate circuits; and to observe the traces
as various operating conditions are
varied.

One caution: Always be careful not
to overdrive the scope amplifiers. For
this reason I keep the size of the initial
or reference square on a scope with a
7-inch face to 2 inches on each side,
and I change attenuator setting when
the pattern exceeds 4 inches on a side.
For smaller scopes, a smaller initial
square is called for. If you’re not care-
ful about this, the curvature you'll
observe may be the result of the scope
amplifiers, not the amplifier under test.

Analyzing the amplifier

Now then, let us run through a step-
by-step analysis of an ailing amplifier
with this method:

1. Set the generator at around 1,000
cycles and establish the reference line
from corner to corner of the square.

2. Make a quick sweep of the whole
audio spectrum at a low input and out-
put level. Do this with the tone controls
in their flat position. Observe the be-
havior of the trace. In today’s good
hi-fi amplifiers the phase shift from
1,000 cycles downward and upward will
be small—usually the pattern will not
pass beyond a narrow ellipse up to
10,000 and down to 50 cycles. Beyond
those points the ellipse may expand
into a circle, which indicates a phase
shift of 90°.

You might think that since an am-
plifier is said to be flat within this
range, the line ought to remain straight
and not open into an ellipse. However,
keep in mind that the input capacitor
of any amplifier is outside the feed-
back loop, and although one time-
constant does not produce a great phase
shift it does produce some. Further-
more, you can have a constant and
gradual phase shift from one end of
the range to the other without a sig-
nificant change in gain or flatness. If
the phase shift does not go beyond a
cirele at the two extremes, the situa-
tion is all right. But if it goes beyond
a circle and approaches a straight line
inclined in the other direection, which
would be a phase shift of 180 degrees,
there is serious danger of instability,
motorboating, ringing, and a poor
transient response.

3. You can check for such instability
by increasing generator output at 20
cycles and 20,000 cycles. Be sure to
change the attenuators on the scope.
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The presence of high-frequency ring-
ing will be seen by riders on the pat-
terns; low-frequency motorboating will
produce a violent distortion of the
trace. If neither of these things happen
up to maximum output you can assume
the amplifier is stable at all frequencies.
If there is evidence of instability, make
a note of it and deal with the problem
later as 1 detailed in the previous
chapter on IM analysis.

4. Determine how bad the distortion
is. Return the generator to around
1,000 cyeles and, remembering to
change the attenuator settings, increase
the generator output and amplifier
gain, if necessary, until you obtain
evidence of some kind of distortion.
Determine by watching the wattmeter,
or by interpreting the output voltage
as read on a voltmeter, at what point
in the dynamie range the distortion
occurs. If it occurs only at or near
maximum output, the amplifier is in
pretty good shape; and balancing and
a change of tubes ought to bring it
around to good condition. But if it
occurs at a lower output level, some-
thing is seriously wrong.

5. Analyze the type of distortion
from the illustrations and descriptions
I have given. If necessary to make
sure of the type, shift the horizontal
channel of the scope to internal sweep
and examine the sine wave. Note
whether the distortion is overdrive or
curvature type, single-ended or sym-
metrical.

For instance, suppose you get a
sharp, overdrive type bend at half-
rated output. This would indicate a
single-ended stage being overdriven
because it is underbiased. To check,
increase the generator output to see if
you can produce another bend in the
other end. If you do not get it up to
or near maximum output, you’re pretty
safe in deciding it is in fact a single-
ended stage that’s causing trouble.

But suppose that by driving the
amplifier a little harder you get an-
other similar bend on the other end.
You know now it cannot be single-
ended because a single-ended stage
won’t elip both positive and negative
peaks. So the indications are that it
is an wunderbiased and wunbalanced
push-pull stage. You can judge the
amount of unbalance by noting how
much additional input voltage is neces-
sary to produce the second bend.

What if driving harder produces a
curvature bend on the other end? A
little reflection will show you that two
things could account for this: First,
it could happen with a single-ended
stage—the overdrive-type bend being
produced when the positive peak is
clipped, and the curvature-type bend
being produced when the negative peak
reaches the knee of the curve. You
can judge how far the quiescent point
is from the center of the operating
curve by noting how much difference
in input voltage is necessary to produce
the second bend. Actually this condi-
tion is not likely to occur unless the
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plate voltage supplied to the single-
ended stage has for some reason been
seriously reduced. In a well-designed
amplifier, overdrive of a single-ended
stage should occur only at maximum
rated output, and the curvature bend
would then be unlikely to show up
until way past maximum rated output.
So, here you have a pointed indication
of a faulty filter capacitor, bad rec-
tifier, shorted decoupling resistor or
plate load, ete.

The appearance of a trace with an
overdrive bend on one end and a curva-
ture bend in the other could oceur in a
push-pull stage which has a balancing
potentiometer across both cathodes. A
misadjustment of such a potentiometer
would underbias one side, overbias the
other, and produce the asymmetrical
double-ended bend. A push-pull stage
in which the two tubes have separate
bias resistors also could produce this
effect if one tube draws much more
current either because the bias resistor
is too low, because the tube itself is
abnormal, or because the plate load
has changed or has been partially
shorted. Since it is almost impossible
that a single amplifier would have all
three types of amplified stages, a look
at the circuit diagram should make it
possible to put the finger on the most
likely possibility.

If the output stage has a balancing
potentiometer, you can check that pos-
sibility by adjusting it. If the distor-
tion is really produced in that stage,
changing the balancing adjustment
will change the pattern, removing one
or both bends, or transposing them.
Even if the potentiometer doesn’t affect
the bends, vou can adjust balance,
which will be indicated by making the
line straight again; by putting similar
bends on both ends; or by a point at
which the line or pattern is narrowest
and least deformed. The last situation
is almost conclusive proof that a
single-ended stage is involved. In this
case a point will be found in varying
the balance control at which the pattern
will open and close. The bend will re-
main, but as you move the poten-
tiometer slightly on each side, the
pattern will tend to open. The proper
setting is at the point where the pat-
tern is most completely closed. If you
observe the wattmeter you will sce
that this point also produces maximum
output with a given input signal, an-
other indication of good balance.

6. Now that you have some idea of
the trouble and its seriousness, and
location, you can open up the amplifier
and examine the stage which is the
most likely offender. If your scope
permits push-pull input, so much the
better. If not, you will have to look
first at one side and then at the other;
and you’ll want to do this in any case
when the push-pull stage is the offend-
ing one, since the trouble usually is
in one side only.

7. When you have definitely isolated
the stage, you can proceed with ohm-
meter and v.t.v.m. to determine the

AUGUST, 1954

OVERDRIVE

AUDIO—HIGH FIDELITY

SINGLE - ENDED

SYMMETRICAL

CURVATURE

SINGLE -ENDED

e o i

SYMMETRICAL
£ p—
IN-PHASE DISTORTION
SINGLE -ENDED
N\
¢
TRANSFORMER MAGNETIZATION
d
RINGING
e

Fig. 4—Various distortion patterns.

exact trouble. The scope will give you
an immnediate indication of improve-
ment or worsening as you make adjust-
ments or changes.

8. Having reduced the distortion in
the offending stage so that it no longer
occurs or only at or beyond maximum
rated output, it would be wise to take
an IM reading to see if there are any
other, smaller troubles. If not, balance
the amplifier, with the scope trace if
vou like. If you do balance with the
trace, take IM readings both at max-
imum output and a low output. Some-
times balancing at maximum output
like this will unbalance the stage at
lower levels. In that case, rebalance,
using a voltmeter, plate to plate, for
an indicator.

9. Make another frequency run at
low levels; and then one at or just
below maximum output. In the first
instance watch to see that the response
is flat and the phase shift small; in
the latter, see if the distortion remains
fairly constant as the frequency is
varied.

10. If the amplifier has tone controls
you can set them for the flattest re-
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sponse. Set the generator at 50-60
cycles and boost or attenuate with the
bass control to produce the straightest
line or narrowest oval; do the same
with the treble at 10,000 cycles. Mark
these positions for the benefit of the
customer; or, if you like, loosen the
set-screws on the knob and reset them
so the pointers are at the flat position.

11. If your audio generator permits
a square-wave output, it won’t take
over a couple of minutes to check the
response to square waves at 20, 60,
1,000, 10,000, and 20,000 cycles. This
will give you a good idea of the am-
plifier curve below and above audi-
bility. If the waveform is fairly good
at 60 and 10,000 cycles—with not over
a 50% slope at 50 cycles and neither
too much ringing nor too much round-
ing-off at 10,000 cycles, the job is flat
enough for hi-fi use.

This would complete the job of test-
ing and checking. Although it seems
complicated, familiarity will bring
speed with it. No other method is so
rapid. A good man can test, diagnose,
repair, and adjust an amplifier in less
than an hour. (TO BE CONTINUED)
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AUDIO—HIGH FIDELITY

VERY loudspeaker making any
pretensions to providing high-
fidelity reproduction must be
mounted in a way that agrees

with its design. Horn-loaded speakers
obviously must be loaded with a horn,
but direct radiators can be mounted in
various types of housings. Not all are
equally good, nor can any particular
design be chosen as the best mounting
for any given speaker. The housing
must be designed for the unit which
will work in it. The only exception to
this rule is the original and simplest
mounting—the flat baffle—and it is
now generally recognized that this is
not the best design, with the sole ex-
ception of a hole in the wall. That is
very nearly perfect, if the back of the
wall is not obstructed.

The baffle

The effective size of any baffle is the
shortest path from the edge of the
cone in front of the baffle board to the
edge of the cone behind the board. Un-
der certain circumstances the speaker
can be deliberately mounted off center
to reduce interference patterns in the
sound waves, but this is a type of ex-
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Fig. 1—Bass loss with finite baffles.
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Part IV—The
enclosure,
cabinet, or
baffle can

be a deci-

sive factor

By H. A. HARTLEY*

periment that can be done only by trial
and error, the mathematical analysis
being hopelesslyf involved. The larger
the baffle the better the bass response.
Fig. 1 gives the bass loss at various fre-
quencies for different sizes of baffles.
Intermediate sizes can be interpolated.

The bafle must be made of thick
material. Wood, well braced and
backed with sound-absorbent material
for deadening purposes, is as conveni-
ent as anything. The thickness must be
increased with increased size, for the
vibration from the speaker can set the
baffle in motion at its own natural fre-
quency—it acts like the skin of a drum.
The front edge of the speaker cone
should be in the same plane as the front
of the