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Each standard by which you judge a
tube in service is considered in estab-
lishing the design requirements of RCA
tubes. Dependable performance of de-
flection circuits starts with dependable
tubes. For example.

RCA-designed driver tubes, such as
the 6SN7-GT and 12AU7—as well as
the RCA-6K6-GT and RCA-GAQS ver-
tical-deflection tubes—are exception-
ally low in microphonics. They are
built for dependable performance.

THE QUALITY OF RCA TUBES 1S UNQUESTIONED

RCA-designed horizontal deflection
tubes, such as the 6BG6-G, easily with-
stand peak plate voltages of 5000 volts,
and as readily meet peak emission de-
mands on the cathode. They, too, are
built for dependable performance.

For these reasons, RCA tubes offer
dependability beyond the average. With
fewer service failures and fewer costly
call-backs, there is, then, an additional
hidden profit in every RCA tube and
kinescope you sell.

Always keep in touch with your RCA Tube Distributor

RADIO CORPORATION of AMERICA

FLECTRON TUBES

www americanradiohistorv com
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You Practice COMMUNICATIONS
I Send You Parts To Build Pt Coore

munirations Course
vou build this low
powe: broadcasting
transmitter, learn
how 7o put a station
“on te air,” perform
procedures demand-
ed of Broadcast Sta-
tion operators, make
many tests.

YOU
BUILD
this Tester with
parts I send early in my
Servicing Course. Helps vou fix
| neighbors’ Radios and EARN EXTRA
MONEY in spare time.

YOU BUILD Vacuum Tube Power

@ Pack as part of my Com-
munications Course; get
experience with packs
of many kinds. tude - modu-

» Learn how lated signals "
to correct for e
f. Power Pack tests and ex-
. troubles

I TRAINED
| THESE MEN

“I have been operat-
ing my own Servicing
business. In two years
I did $14,000 worth
of business ; net profit,
$6,850. Have one full
time employce, an
Student.”—PHILLIP G.

A, M.

Signal
Generator as part of my Servicing

YOU BUILD this

Course. It pro-
vides ampli-g®

'YOU MUST
ACT FAST

N.R.IL
BROGAN, Louisville 8, Ky.

“Four years ago, I was
a bookkeeper with a
hand-to-mouth salary.
Now 1 am a Radio
Engineer with a key
station of the Ameri-
can Broadcasting
Company network.”—NORMAN
H. WARD, Ridgefield Park, N.J.

“When hal{way thru
the N.R.L. course, 1
made $5 to $8 a week
fixing sets in my spare
time. Am now seclling
and installing  Tele-
vision sets and anten-
nas.”—E. J. STREITENBER-
GER, New Boston, Ohio.

"My first job was
operator with KDLR,
obtained for me by
vour Graduate Service
Dept. T am now Chief
Engincer of Police Ra-
dio Station WQOX. I
never hesitate to endorse N.R.L.”
—T. 8. NORTON, Hamilton, O.

training benefits. For each
3 months of training eligi-
bifity, you can get a full year
of N.R.l. Training. Keep

Act Now! Time is

)

Mail Coupon Now!

October, 1930

You Practice Radio SERVIGING

D ’ - As part of my Servicing
on Thls Modern Radlo You Course, I send vou the speaker,
Build With Parts | Send

tubes, chassis, transformer,
loop antenna EVERYTHING
vou need to build this modern,
powerful Radio Receiver! I
also send parts to build other
Radio circuits, see below. You
use fox practlcal experience and
= to earn EX.

i o TRA money in
spdre llmc

G. 1. Bill gives you valuable

i a National Radio Institute, Washington 9, D. C.

; y0ur'j6,b'while (PRI 3eM {1 88 8 Mail me Sample Lesson and 64-page Book

Fanning |

D [ Check if Veteran

Learn Servicing or (ommunications

by Practicing in Spare Time

with KITS OF RADID PARTS | Send

Do you want good pay, a job with a bright future and
security? Would you like to have a profitable shop or
store of your own? If so, find out how you can realize
your ambition in the fust growing, prosperous RADIO-
TELEVISION industry. Even without Television, the
industry is bigger than ever before. 81 million home
and auto Radios, 2,700 Broadcasting Stations, expand-
ing use of Awatlon and Police Radio, Micro-wave
Relay, Two-way Radio for buses, taxis, etc., are making
opportunities for Servicing and Communications Tech-
nicians and FCC-Licensed Operators.

Television is TODAY'’S Good Job Maker

In 1949, almost 3,000,000 TV sets sold. By 1954,
20,000,000 TV sets estimated. 100 TV Stations now operating. Authori-
ties predlct 1,000 TV Stations. This means more jobs, good pay for
qualified men all over the United States and Canada.

Many Soon Make $10 Extra a Week in Spare Time

Keep your job while training. Hundreds of successful RADIO-
TELEVISION TECHNICIANS I trained had no previous experience,
some only a grammar school education. Learn Radio-Television prin-
ciples from illustrated lessons. Get PRACTICAL EXPERIENCE—
build valuable muititester—experiment with circuits common to Radio
and Television. XKeep all equipment. Many students make $5, $10
extra a week fixing neighbors’ Radios in spare time. SPECIAI
BOOKLETS start teaching you the day you enroll,

Send Now For 2 Books FREE—Mail Coupon

Send now for my FREE DOUBLE OFFER.
lesson to show you how you learn at home Also my 64-page book,
“How to Be a Success in Radio-Television.” Read what my graduates
are doing, earning; see equipment you practice with at home. Send
coupon in envelope or paste on postal. J. E. SMITH, President,

). £. SMITH, President
Natlonal Radie Institute

Dept.OKR,National Radio Institute, Washington 9, D.C. Our 37th Year.

The ABC's of
1 SERVICING

MR. ). E. SMITH Presldent, Dept. OKR

about How to Win Success in Radio-Tele-

vision. Both FREE. (No Salesman will call.
¥ Please write plainly.)

Name

§ Address...

i (03] A ——————— Zone......... State..
Approved for training under G 1 Blll

n—--m-_-----’-—---ﬂ
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*Get Your FCC Ticket
Then Use Our
Amazingly Effective
Job-Finding Service
To Get a Better Job

Which
Do You
Want?

Add Technicdf Training to Your Practic

Happy Vacations 1
A New Car and Travel » .

al §xp

erience and

coMM ERCIAL ; ! 3 &g e g | can train you to pass your FCC License
T i x A n q 4 ” 3 Exams in a few short weeks if you've had any

practical radio experierce—amateur. Army.

A 2 § : i»avy. radio servicing or other. My time-proven
! 1 § =% = 3 corng ptan can help put you, too, on the road fo
f ) success.

Let me send you FREE the entire story
Just Il out the coupon and mail it. 1 will
send you, free of charge, a copy of 'How to
Pass FCC License Exams,” plus a sariple
FCC-type Exam, and the amazing new hooklet,

i o Mini um @§ §m@ | Bl

TELLS HOW— WE GUARANTEE TELLS HOW —

TO TRAIN AND COACH YOU AT HOME Our Amazingly Effective

IN SPARE TIME UNTIL YOU GET £7./
JOB-FINDING SERVICE =
YOUR A FCC LICENSE Helps CIRE Students Get Better Jobs

TELLS HOW — Here is just one recent example of Joh-Finding Results

Employers Make

| GEITS JOB WITH CAA
. ODURS IS THE <1 have had a half dozen or so offers since 1 mailed
JOB OFFERS lee These ONLY HOME some fifty of the two (;mndred enmlo,\‘nllent npp!ic:\tiqn;
Y COURSE vour school forwarded me. I accepted a position with
+° Our Grudua*es Every Mon*h ar%[: CH OS u P- the Civil Aeronautics Administration as a Maintenance
! Technician. Thank you very much for the fine cooper-
felegram, April 7, 1950 from Chief Engineer. Broadeast Station, Pa. “Im- PLIES FCC-TYPE ation and help your organization has given me in find-
mediate opening for engineer. Automobile and First Phone a must. if EXAMINATIONS ing a job in the radio field.”
graduate available please forward name and address.” WITH ALL LES- Dale E. Young. 122 Robbins St., Owosso, Mich.
Letter, April 14, 1950 from Chief Engineer, Broadcast Station, Montana SONS AND FiNAL 4 Your FCC Ticket is always recognized in ali
“Timmediate opening tor Engineer-Announcer, basic salary £62.50 . .  real TESTS. radio fields as proof of your technical ability.
future tor right man.”’ P

letter. January 30, 1950 from Chief Engineer, Broadcast Station, Tenn
“Have openings for operators. 1f you have men, please have them contact
us.”’

These are just a few examples of the job offers that come to our office peri-
odically. Some licensed radioman ftilled each of these jobs . . it might
have been you!

HERE’S PROOF FCC LICENSES ARE OFTEN SECURED /o

Get All 3 FREE

MAIL COUPON NOW

Cleveland Institute of Radio Electronics

IN A FEW HOURS OF STUDY WIiTH OUR Desk RN-22—4900 Euclid Bldg., Cleveland 3, Ohio |
. - . (Address to Desk No. to avoid delay)
Coaching AT HOME in Spare Time 1 want o know now 1 oan, gt my TGO USket 0 fo short weeks |
. P £ 4 " FREE T < . '"H 3 ss FCC nse Examina-
g A GrapName and Adaress License Hrs. of Training e M O R s for Alnatetn Licansel, &s well s & |
11 West Main St Cuba, New York P e i 34 sample I'CC-type exam and the amazing new booklet, Money-
Ernest K. Hcodlslbn”,”, A e oes] W o W 7 Making FCC License Information. i
OX (. B it . ¥ i
Howard J. Kischagscy .o P L. a9 T NAME . E s e e LA SETIAE b AT IR IR bl wie |
Rt, 2. Box 736. EL Cajon. Calitormia felephone 1 e Tt Tt ’
Ralph I. ols . , Ewa . ZrofSass B . . s Mn W 34 |
510 Fhm St., Kerrville, Texas tetephone I ‘\DD“FSg E . N
. N [P I Y— ZONIE. . s L Ewa™. wpans.
Desk RN-22, 4900 Euclid Bidg., Cleveland 3, Ohio i CITY .. .. _ ZON STA |
. O Veterans cheek for enroliment information urnder G.I. Bill.
{Approved for Veteran Training Under ''G! Bill of Rights') e e e e e e e e ———— e - e b e e ———— !
Oectober, 1950 3

wwWw americanradiohistorv com


www.americanradiohistory.com

Instruments and

KITS

NEW TUBE TESTER

NEW 5" PUSH-PULL OSCILLOSCOPE

All-new taboratory-precision scope with all the extro
sensitivity and response for precise servicing of TV, FM &
AM sets. Push-pull undistorted vertical and horizontal
amplifiers. Boosted sensitivity, .05 to .1 rms volts/inch.
Useful 10 2.5 MC. TV-type multivibrator sweep circuits,,
15 ¢ps—75 KC. Z-axis intensity modulation feature. Dual
positioning controls move trace anywhere on screen. Com-
plete with 2-615, 3-65N7, 2-5Y3, 5BP1 CRT. 3-color etched
rubproof panel; steel case. 115 v, 60 cycle AC.
8% x 17 x 137,

Model 425-K, KIT, only $39.95
Model 425, factory wired, $69.95

NEW VACUUM TUBE VOLTMETER

Loboratory-precision YTVM for trigger-fast operation and
lifetime service. 15 different ranges. Large 4%" meter,
can’t-burn-out circuit. New zero center for TV & FM dis-
criminator alignment. Electronic AC & DC ranges: 0-5,
10, 100, 500, 1000 v. (30,000 volts & 200 MC with
HYP.1 & P-75 probes). Ohmmeter ranges, .2 ohms to 1000
megs. DB scale. New stable double-triode balanced
bridge circuit—extreme accuracy. 26 megs DC input im-
pedance. 3-color etched rubpreof panel; steel case.
115 v, 60 cycle AC. 97/16 x 6 x 5”.

Model 221-K, KIT, only $23.95
Model 221, factory wired, $49.95

over 50,000 SERVICEMEN must be right!

give you Laboratory Precision

at Lowest Cost!

NEW SIGNAL GENERATOR

Brand new professional tube tester and merchandiser- EICO
Service-Engineered for unbeatable value! Large 4%* full-
vision meter. Tests conventional and TV tubes including
9-pin miniatures. New lever-action switches—tests every tube
element. Hluminated “Speed Roll-Chart.”” 2-grid cops. Short
and open-element tests. Spare socket for new tubes. Protec-

For FM-AM precision alignment and TV marker frequencies.
Vernier Tuning Condenser. Highly stable RF oscillator, range:
150 KC—102 MC with fundamentals to 34 MC. Separate
audio oscillator supplies 400-cycle pure sine wave voltage.
Pure RF, modulated RF ar pure AF for external testing. Attrac-

tive overload bulb. Electronic rectifier. 3-color etched panel;
rugged steel case. 115 v., 60 cycle AC.

Model 625-K, KIT, only $29.95
Mode! 625, foctory wired, $44.95

12V x 9%z x 4%".

NEW BATTERY ELIMINATOR,
CHARGER & BOOSTER

For all cuto radic testing. latest-type full-wave bridge circuit,
4stack mongenese copper-oxide rectifiers. Specially designed
tronsformer, varioble from 0 to 15 volts, Continuous: 58 v.,
10 omps. Intermittent: 20 omps. 10,000 mid filter condenser.
Meter measures current and volloge oulput. Fused primary;
avtomatic reset overload device for secondory. Hommertone
steel case. 115 v., 60 cycle AC. 10%2 x 7% x 8%".

Model 1040-K, KIT, only $22.95
Model 1040, factory wired, $29.95

NEW DELUXE SIGNAL GENERATOR

A loboratory-precision generator EICO Service-Engineered with
1% accurocy. Extremely stable, frequency 75 KC—150 MC in
7 calibrated ranges. llluminated hairline vernier funing. YR
stabilized line supply. 400-cycle pure sine wave with less than
5% distortion. Tube complement: 6X5, 7F7, 6C2, VR-150. 3.

NEW SWEEP GENERATOR

Covers all TV-FM alignment frequencies, 500 KC—228 MC.
Vernier-driven dial: center of each of 13 TV channels marked
on front panel. Sweepwidth varioble G-30 MC with mechanical
inductive sweep —permits gein comparison of adjocent RF
TV channels Crystal marker oscillator, varioble amplitude.
Provides for injection of external marker. Phasing controf.
Complete with HF tubes: 6X5GT, 12AU7 (dual-triode), 2-6C4.
Less crystal. 10 x8 x 63, 5 MC Crystol, ea. $3.95.

Model 360-K, KIT, only $29.95
Model 360, factory wired, $39.95

YOLT-OHM-MILLIAMMETER

Pocket-size VOM cram-packed with value! 22 different ranges
3" D’Arsonval movement. Ring-type shunts. Germanium crystal
rectifier. Ranges—DC: 0-5, 50, 250, 500, 2500 v. AC & Cutput:
0-10, 100, 500, 1000 v. DC Ma: 0-1, 10, 100. DC Amp: 0O-1,
10. Ohm. 0-500, 100,000; 0-1 Meg. DB: ~8 to +55. 3.color

tive three-color etched rub-proof ponel; rugged hammertone
steel case. 115 v., 60 ¢ycle AC. 10 x 8 x 43",

Model 320K, KIT, only $19.95
Model 320, factory wired, $29.95

color efched ponel; rugged steel case. 115 v., 60 cycle AC. etched panel; rugged hordwood case. B x 4% x 3" :
L Ies 7% Model 511K, KIT, only $14.95 :
Model 315-K, KIT, only $39.95 Model 511, factory wired, $17.95 ]
Model 315, factary wired, $59.95 H
MULTI-SIGNAL TRACER
Highest gain ond fexibility in low-cost field.
Audibly traces all If, RF, Video and Audio from RF HIGH
ANT to SPKR or CRT without switching. Response
.well over 200 MC. Integral test speaker. Provi- PROBE VOLTAGE PROBE
sion for visval fracing with VIVM, Complete Sediee — . ) J— P o M-
: . ! fom crystal probe for sig- New professional EICO-engineered HV probe carefully designe
S ST O o SEILD GO G nol tracing end measuremants 1o sver 200 and insulated for extra safety and versatility. Extends range of
AP w, mce e 3 SRR ¥ MC. Extends range of YTVMs and scopes. VTVMs and voltmeters up to 30,000 v. Lucite heod. Large flash-
Qg Xt YOm0 g% P - guards. Multilayer processed handle. Complete with interchange-
Mode) 145-K, KIT, only $18.95 R G ‘g °o' ot able ceramic Multiplier to match your instrument.
E or Scope; ea. $3.
Model 145, foctory wired, $28.95 R e m:ry e ) HVP-1 (wired) only $6.95
Be sure to look at the
Elﬂﬂ SUPER-SIMPLIFIED INSTRUCTI EICO line before you buy
any higher-priced
- - rial and ; .
thsv '°'f°"°v~" 5'$P by- S'eP'E'CO picto Sis the exclusive EIC0 Make-Good GUARANTEE % epuipment! Fach EICO
matic instructions —m ex and com- I e
schema 3 ons I05 P Each EICO Kit and Instryment is doubly guaranieed, by EICO rg product is jam-packed
prehensive in electronics!—supplied with each et bkt by eeo (R product i
Kit. Anyone can build the EICO Kits! £ICO guorantees fo replace ony component which might be- ¢ 4 with unbelievable value.
- come delective in normol use if returned o the factory trans- -
= X portation charges pre-paid vithin 90 days of purchose. EICO YOU be the juage—
J ' guarantees all Kits bl ding to EICO’s simplified
instructions will operote as specified therein. EICO guarontees compare EICO at your
ELECTRONIC INST UMENT co Inc setvice ond colibrotion of svery EICO Kit and Instroment ot local jobber today, and
a the nomina! chorge os stated in the instructians. )
2 NY o - = SAVE! Write NOW for
276 NEWPORT STREET, BROOKLYN 12 N.Y. o |
] it W .
01950, Electronic Instrument Ca., Inc.. Broaklyn, N.Y. ee ne g
- =0 ade) S5%  Prices 5% higher on West Coast
6 RADIO & TELEVISION NEWS

wwWw americanradiohistorv com


www.americanradiohistory.com

F
shﬁwg you 89

%por?um!y News Bulletin <
WAYS to earn oney as@?

Mail coupon today for YOUR FREE COPY of one of the most
interesting, opportunity-packed News Bulletins we have seen.
It shows you SCORES OF WAYS to make money in today’s amaz-
ing, billion dollar field of Television, Radio, Electronics.

NOW—GET THE ANSWERS!

See HOW you can get the start you need toward a real job or
your own profitable business . . . HOW you may get into work
that pays real money, that’s so interesting . . . HOW to build
toward a grand future in one of America’s most rapidly growing,
promising, newer fields of opportunity.

NO PREVIOUS EXPERIENCE OR KNOWLEDGE NEEDED: You'll

see WHY DeForest’s Training, Inc. offers one of the most complete
combinations of practical home training advantages available
today . .. HOW you can get and keep the same type of basic
electronic equipment used in our Chicago training laboratories,
one of the nation’s finest . . . HOW you set up your own
HOME LABORATORY and work over 300 experiments — includ-
ing building and keeping the commercial-type test equipment
shown at lower left.

HOME MOVIES: You'll even see HOW you can get the wonderful
advantages of “learn-by-seeing’’ movies on the wall of your own
room. See hidden actions that can help you tremendously to
understand and remember certain points.

EMPLOYMENT SERVICE: And by all means, see HOW you can
get training that also combines an Employ-
ment Service for that all-important starting
help after you complete the program.

OPTIONAL FEATURE 3
ABOVE: Build and keep a real
16 INCH commercial TV re-
ceiver ~— a woncerful instruc-
tional project. Optional at
slight additional cost after
completing regu ar training.

R-F Sianal MILITARY

Generztor SERVICE!
: 1f subject to MODERN LABORATORIES: If preferred, you
military serv- can get all your preparation in our new
ice, the infor- Chicago training loboratories—one of the
mation we q d
have for you finest of its kind.

should prove
doubly inter-
esting. Mail
coupon today.

Here is YOUR big chancel

DeFOREST’'S TRAINING, INC., Dept. RN-G-10
2533 N. Ashland Ave., Chicago 14, Il

Without obligation, I would like that new Opportunity News
Bulletin showing 89 ways to earn money in Television-Radio-
Electronics . . . and how | may prepare to get started in this
thrilling field.

DeFOREST'S TRAINING, INC. | 7

CHICAGO 14, ILLINOIS City e PR—— . ZoNeun.cc... State. ..o oeercevmneeren
A De VRY INSTITUTION

October, 1950
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wﬂ‘h new
DUAL '_'S:PO'I'I.IGI'IT
Soldering Gun

Pull the trigger

of your new light-

duty Weller Solder-

ing Gun, and instant-

ly twin spotlights focus

on the job—banish every

shadow. Five seconds later the tip is

at soldering heat! No waiting. No

wasted current. This streamlined
135-watter—newest of the

Q\ famous Weller line—is fast!

Built compactly for work-
\\\\\ ing in crowded chassis,
AN \\ too. And the time and
O\ SO power you save pays
\\\\&%ﬁ 2\ for your Weller
NN Gun in a few
e N E\\"’ ¥: months.

~ ‘:::\“*-"'MH

New &
135-Watt
Weller
Soldering -

Gun

Specially Designed ™
for TV and Radio Work

® DUAL SOLDERLITE—Two prefocused spotlights
completely eliminate shadows.

& OVER/UNDER DESIGN —Tube construction braces
tip and improves visibility.

® 5-SECOND HEATING—Pull the trigger and you
solder! :

® LONGER REACH—Slides easily into deep chas-
sis; reaches the tightest corners.

® GREATER CAPACITY—Smaller, lighter, with
greater soldering capacity.

© TRIGGER-SWITCH CONTROL— Adjustsheat to the
job. No need to unplug gun between jobs.

® DUAL HEAT—Single heat 100 watts; dual heat

100/135 watts; 120 volts; 60 cycles, Handles
all light-duty soldering.

See new Models WS-100 and WD-135 of
your distributor, or write for bulletin direct.

® SOLDERING GUIDE—Get your new copy of “Soldering
Tips"—revised, up-to-date, fully illustrated 20-page book-
fet of practical soldering suggestions. Price 104
at your distributor, or order direct.

'WELI.ER
ELECTRIC CORP.

810 Packer Street, Easton, Pa.
8

EACH year at this time we find our-

selves attending various conven-
tions and conferences within our in-
dustry. The month of October has
always been a month of planning. En-
gineers are attending the many tech-
nical conferences now held annually
throughout the country. Radio ama-
teurs are busy at work modifying
their equipment for a long winter sea-
son of @SO’ing. The radio-TV service
technician is analyzing his require-
ments for equipment and is studying
up on requirements for a better un-
derstanding of his field of endeavor,
and the audio man is planning, if
possible, to attend the Audio Fair in
New York the latter part of this
month.

We have recognized that most of
our regular readers have a keen in-
terest in audio. That which we choose
to call electronics embraces many
facets within our industry. Audio, as
a topic, is something we all encounter
either professionally or hobby-wise as
we pursue the art known as elec-
tronics. The interest in the reproduc-
tion and recording of sound has
reached the point where it receives
attention from nearly every radio or
TV technician, student, or experi-
menter.

Recognizing the need for more and
more practical information on audio
subjects we are again devoting a ma-
jor portion of our November issue to
a discussion of subjects within the
audio category.

We have assigned special articles to
many of the leading audio men in the
country. We are proud of our authors
and, as usual, they have really come
through with some outstanding ma-
terial.

For example, Glen Southworth un-
dertook a construction article on a
high quality amplifier providing 20
watts output, dual ‘high gain input
channels, and simplified tone control.
Then, there’s J. N. A. Hawkins who
for a period of years has been devel-
oping a novel phase inverter circuit
feeding push-pull 6V6’s to give 10
watts output at very low distortion.
It contains a very effective tone con-
trol circuit.

Audio technicians will particularly
like the article on “Sine and Square
Wave Testing of A.F. Amplifiers”
written by Howard Anthony, and the
professional audio man, particularly
one engaged in custom installations,
will learn much from the article on
“A High-Quality Sound System for the
Home” by H. F. Olson and A. R. Mor-
gan of RCA Laboratories, both promi-
nent audio engineers.

Another one of our popular writers,

WwWwWw americanradiohistorv com
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J. Carlisle Hoadley, has prepared an
excellent constructional article on a
combined preamp and tone control
unit which is compensated for Fletch-
er-Munson curves, and there’s a
very fine article of special interest to
public address specialists; namely, the
complete design and application of a
mobile public address and auxiliary
power unit which is a real money-
maker.

One of the outstanding audio engi-
neers in the country, Dr. Howard Tre-
maine of the University of Hollywood,
is preparing a discussion of transmis-
sion lines for audio circuits. He will
also, in the future, discuss other audio
topics based on the results of years of
study in the field.

Your editor will start a new series
on “Complete Record-Reproduce Sys-
tems” designed for maximum utility
and flexibility. The use of jack fields
and other broadcast and recording
studio techniques will be thoroughly
discussed, and the series will analyze
the advantages and disadvantages of
certain audio equipment for semi-
professional use.

Another well-known writer for Ra-
pio & TELEVISION NEwS, John Goodell,
discusses phonograph pickups with
particular emphasis on crystal and
magnetic types. Mr. Goodell also cov-
ers requirements for pickups for all
three record speeds and describes
some of the new ‘“universal” stylii
recently developed.

A “must” item is the article on a
new simplified volume compressor de-
signed by Edwin C. Miller of North-
west Radio Consultant Services and
Tad Jones of Station KAVR. This ar-
ticle will meet with wide approval
from many of our audio readers. The
performance of the unit is excellent
with very low distortion.

Those of you who built the tape
recorder mechanism designed by Lloyd
Hust will welcome the article on the
design of a companion two-channel
magnetic amplifier. It’s easy to build
and produces good results.

For those who build their own test
equipment an article on a new RC
beat frequency oscillator will certain-
ly have wide appeal. This one is writ-
ten by Richard Dorf, prominent audio
consultant.

To those of us who have at one time
or another encountered the hum prob-
lem there is a welcome solution to be
found in the article by Lawrence
Fleming showing how hum sources
may be controlled. Many other ar-
ticles on audio, together with regular
features, will make our November
issue of particular value to our read-
ers. We think you will agree. . O.R.

RADI¢G¢ & TELEVISION NEWS
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ERE’S the only complete Buying Guide to

TV, Radio and Industrial Electronics
—packed with the world’s largest selections
of quality equipment at lowest, money-saving
prices. See the latest in TV, AM and FM re-
ceivers; radio-phonos; new Sound Systems and
P.A. equipment; high-fidelity custom sound
components; recorders and accessories; full se-
lections of newest Amateur receivers and sta-
tion gear; test instruments; builders’ kits; huge
listings of parts, tubes, tools, books—everything
in stock for immediate shipment.

ALLIED gives you every buying advantage:
speedy delivery, expert personal help, lowest
prices, assured satisfaction, liberal time pay-
ment terms. Get the new 1951 avLiep Cata-
log. Keep it handy—it will save you time and
money. Send today for your FREE copy!

WORLD’S LARGEST STOCKS

® Radio Parts Unlimited .

@ Test Instruments—All Makes
® Television & Home Radios
® P.A. and Hi-Fi Equipment

® Amatzur Station Gear

® Supplies for Industry

QUICK, EXPERT SERVICE

4

ALLIED IS YOUR TELEVISION HEADQUARTERS |

To keep up with TV, depend on ALLIED! Count |

on us for the latest releases and largest stocks WRITE TODAY FOR RADIO’S
of picture tubes, component parts, antennas and l LEADING BUYING GUIDE s
accessories —plus the latest in TV tuners and L e s e e e ot i o e e e e e
kits. If it's anything in TV—we have it in stocks | ALLIED RADIO CORP. ]
So remember~—for TV-—it's ALLIED First! 833 W. Jackson Blvd. N Depl’. 1K-0
Chicago 7, lilinois

(] Send FREE 212-page 1951 ALLIED Catalog
Name..ciioseoaneasannn seedecttanae ceeeranesens

: Address..covvueniness fevaes Xoro ETT < 5] o « I MTNE X, 4

Everyfhmg._;m -E[ecfromcs

October, 1950 S
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hallicrafters

all recommend the

10

The Service
Managers of

Admoral

ENITH

Métsiola

Max Schinke—ADMIRAL

® These four well known general service man-
agers prefer the Simpson Model 480 Genescope for their
FM and TV servicing,

For proper testing, servicing, and alignment of all TV
and FM receivers, the Simpson Model 480 Genescope is
the ideal instrument, leading general service managers
agree.

These service managers know that modern FM and TV
development and servicing demands test equipment made
to the most exacting standards. They prefer the Simpson
Model 480 Genescope because it is the most accurate,
flexible, and convenient instrument available.

The Genescope is ruggedly built to give many years
of trouble-free, accurate service.

In addition to providing all necessary signal sources,
the new Simpson Genescope includes a high sensitivity
oscilloscope of unique advanced design, complete in
every detail. Equipped with a high frequency crystal
probe for signal tracing. AM and FM oscillator sections
provided with large, easy to read dials with 20:1 vernier
control and 1000 division logging scales. Revolutionary,
ingenious, exclusive output termination provides for var-
ious receiver impedances, either direct or through an iso-
lating condenser. Step attenuator for control of output.
Size 22"x14"x 715", Weight 45 Ibs. Shipping Weight
54 Ibs.

DEALER’S NET PRICE complete with Test Leads and
Operator’s Manual $375.00

Shipping Weight 40 Ibs.

=
i
ki

Frank Smolek—ZENITH

THE SIMPSON MODEL 479 TV-FM
SIGNAL GENERATOR
Exactly the same circuits, ranges and
functions as the Model 480, described
above, with the exception of the oscillo-
scope. Size 177x147x7V,", Weight 34 Ilbs.

DEALER’S NET PRICE with Test Leads
and Operator’'s Manual

|
|
I
|
|
|
|
|
|
|
|
|
|
|
I Crystal calibrator:
|
[
|
|
{
L

fodel 480 Genescope
~ for TV-EM Servicing

Ed Croxen—HALLICRAFTERS

Tim Alexander—-MOTOROLA

THESE RANGES SHOW HOW MUCH THE
SIMPSON GENESCOPE CAN DO FOR YOU

FREQUENCY MODULATED
OSCILLATOR
Band A: 2-120 megacycles
Band B: 140-260 mega-
cycles

Sweep width variable from
zer0 to 15 megacycles

Sweep rate 60 cycles per
second

Specially designed
frequency sweep motor

Continuously variable
attenuator

5 megacycles -+ .05%
Audio Oscillator 400 cycles
Output Impedance

75 ohms
Step attenuator for control

of output

$245.00

5200 WEST KINZIE STREET o

‘In Congda: B"dch-Simpsory, .Ltd., -London,
: " Phone: COlumbus :1-1221

wWWwWwW americanradiohistorv.com
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AMPLITUDE MODULATED
OSCILLATOR

Band A:3.3-15.6 megacycles

Band B: 15-75 megacycles

Band C: 75-250 megacycles

30% modulation at 400
cycles or unmodulated

Continuously variable
attenuator

Visual method of beat fre-
quency indication

OSCILLOSCOPE

Vertical sensitivity: 35 mv
per inch

Horizontal sensitivity:

70 mv per inch
Linear sweep frequency:

3 cycles to 60 kilocycles
60 cycle sine sweep
Frequency essentially flat

t0 200 KC., usable to over

3 megacycles

SIMPSON ELECTRIC COMPANY

‘CHICAGO 44, ILLINOIS’

Ont.

NEWS
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THE ORIGINAL HYTRON 16RP4 STARTED SOMETHING
Its rectangular design really clicked. Because it is logical . . .
compact . . . economical. Everyone seems to want Hy-ron
rectangular TV picture tubes. We just haven’t been able to
make enough.

But now we can serve you better. With a new, ultra-modern
plant devoted to rectangulars. The original Hytron 16RP4.
Also the new Hytron 14-, 17-, and 20-inch tubes.
It’s smart to pick Hytron rectangulars. Nine out of ten leacing
TV set makers do. Take advantage yourself of Hytron's
leadership . . . its wide line . . . its stepped-up production. Ask
for the original and best in rectangulars. Demand Hytron.

e
B e
o :
i w
i
=
s
-
-
=
G

Hytron's big new TV tube plant
at Newburyport, Mass., uses latest
of fast, automatic, precisely-
controlled equipment to give you
more tubes . .. better tubes.

i

s LY
—am e e g N sl e e

HOW TO FIND YOUR HYTRON JOBBER
Want to learn where to buy original Hytron tubes? And the

New HYTRON TUBE PULLER

| et .
Makes pulling 7-pin minia- 1 famous Hytron service-shop tools? It's easy. Fill in and mail
tures a cinch. New, seventh this coupon today.
Hytron shop tool now avail- i
ableat Hytron jobbers. Order § HYTRON RADIO & ELECTRONICS CORP.,
yours today! Only 75¢ net. § Salem, Massachusetts
I Please rush a list of Hytron jobbers near me! (PLEASE PRINT)
1
NAIMER . oo I A e e ' 5T e aeaTGSTEND 8 T I
1
1 STREET 104 Maalne éoll. Movahewels 36 3044 6 § ool & SRR e my g ome ¢
: CLTY it o T me B 6 515 6 a o a el E o) o o 8 as e o0 [ 8 5k 2 B 2o (0 o e e aa
LADIO TUIES I
[ - N £ 7 "
s I S.
October, 1950 18
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The resistor-capacitor units diagrammed
here are only 174" x 742" x Tgs” thick
maximum. These tiny units are ideal where

small size is essential in low-voltage appli-
cations.

12

AT LAST!

The Centralab FILPEC diagrammed here
is one of the smallest multi-value compo-
nents available to the industry. Specially
designed for use as balanced diode filter
but adaptable to variety of circuits,

www americanradiohistorv.com

PR

B4 5 PATE ()

Centralab TRIODE Couplates are combi-
nations of 3 capacitors and two resistors.
Easily replaces 4 separate components nors
mally used in audio circuits. Size — 134g™
x 1340” x Tg4” thick,

RADIO & TELEVISION NEWS
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ELECTRON CCRCU TS
SERVICE ENGINEERS

The most amazing component development in years —

Centralab’s famous PRINTED ELECTRONIC CIRCUITS
provide simpler, REALLY FAST guaranteed servicing

ou’vE heard about them for years— maybe
you've seen them in sets you've repaired — now

Y

you can get them right through your Centralab jobber

... PRINTED ELECTRONIC CIRCUITS!

Pionecered and made by Centralab, the first name
in electronic ceramics, you'll find that Printed Elec-
tronic Circuits save you time, space and weight, save
you “‘customer grief” . . . save you soldering.

What are they? They're resistor-capacitor combi-
nations, complete circuits, parts of circuits — actually

out to convenient external leads.

You'll find they can save you up to 75% of your
usual soldered connections— and provide unsur-
passed electronic performance . . . plus the kind of
permanence that enables you to con fidently guarantee
your work.

Get your Centralab’s P.E.C. replacement data (by
part numbers) at once . . . see your jobber or use the
coupon below. And remember—if it isn't a Centralab
it isn’t an original printed electronic circuit.

printed and fired to tiny ceramic wafers and brought

_I-------------------------------------------------------llImI.
:i CENTRALAB DIVISION OF GLOBE-UNION INC., 910. East Keefe Avenue, Milwaukee 1, Wisconsin | |
| | [ Enclosed — 25 cents for TV Control Guide including Replacement data on Printed Circuits. :
: [0 Send Free Centralab Catalog No. 27. X
1 Name " ! :
1 ] Please! -
| |
| | (CeEA bR u Your Distributor’'s Name :
: Address = AdAress. oo e u
L
: City Zone........ State : (0413 NS Zone......... R n
.--------------------------------------------------------.‘-----

ELECTRONIC CIRCUITS NOW AVAILABLE TO YOU

-'J"'.':n. - .I'.r\..r\'\
(£}
£l [ %] (4]
AUDET g

Audet — Furnishes values of all compo-
nents generally comprising output stage of
AC-DC receivers. If there’s trouble — re-
place the entire old audio-detector stage
with an AUDET!

4 g3
e

P.E.C. Vertical Integrator plates — widely
used in television vertical integrator net-
works. They are a “must” for the up-to-
the-minute TV Service Engineer.

Pentode couplates can easily replace 6
components normally found in audio cir-
cuits. Think of it only 6 soldered connec-
tions instead of 12!

Oc¢tober, 19350 13

wwWw americanradiohistorv com
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MIKES AND PHONES THAT ARE "CRYSTAL CLAR

e e i = - = y L

HAND OR DESK

MICROPHONE
(BA-116)

Rugged dependability and
uniform frequency response. ,
Unbeaten in its price range ] ]

for PA, home, institutional NEW MICROPHONE (BA-109) Using the exclusive “Acous-

ticel” carctridge. Vibration,

and industrial use. Use in
hand or on delsk without need FOR PAI HOME AND AMATEUR shock, low frequency wind

of stand. But also equipped . . o noise or humidity do not
for use with standard 3" A beautiful new microphone for applications affect the high fidelity. Excel-
27 thread stand. Brown metal- that require natural reproduction of both lent for general use. Qutput

lic finish, 8’ cable. List, $14.75. level Minus 50 db. below 1

music and voices. Uses an advanced develop- volt/bar . . . . List, $19.75.
ment of the “Acousticel” cartridge pio-

“VIBROMIKE” (VM-1) S T
e . LAPEL MIKE (BL-2
Miniature contact-type micro- -

phone with unusually wide irtually flat response. Small
frequency response. 74" x 34" flat frequency response from 40 to 10,000 and rugged. Can be used as

XO;/S"~ ;)ut;lmt Vl‘:.lul:“e érom cps. Designed for use with 3§” 27 thread harllld or liﬂStliumfﬂt mike,/as
.05 t0 .1 volt or higher, Com- B F . well as lapel. 115" x 214",
plete with mounting clamp stand. Finished in maroon plastic and brushed Complete with 25 cable,

and 25’ cable. List, $19.50. chromium . .. ..... « . ... List, $22.50. List...........S$2500.

neered by Brush. Pickup pattern non-
directional in the horizontal plane. Essentially

A8 N
i i e
ﬁw—mé‘i&ﬁg.ﬁ'

High fidelity Model "A" Model ""A" Model "A" "BA-303" %
Model “A-1", $18.00 general purpose, $[2.00 single phone, $4.45 lorgnette phone, $9.75 Hushatone
$9.75 i
i i
You can get i/ THE BRUSH DEVELOPMENT COMPANY
Brush products are distributed all over U. S. A. M
If your own radio parts jobber does not have 3405 Perkins Avenue * Cleveland 14, Ohie
it, write to us and we will send you §
name of nearest jobber,
14 RADIO & TELEVISION NEWS
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Reserve Y ur Copy. .N-w!

Here’s

What You Get!

e Data on correct replace-
ment parts.

e Tube complements and
numbers.

e Servicing hints.

e Circuit informations
e IF peaks.

e Installation notes.

e References to Rider,
with volume and page
numbers.

""he 2nd Edition
» allory Television

Complete TV Listings
Including
All Current AM-FM Radios

TTTTTTTTTTTT

Serviee Enceyeclopedia

This new, bigger, 2nd Edition of the already popular Mallory Television Encyclopedia conlains

all the TV listings from the 1st Edition . .. plus a complete list of TV sets produced since

that time...plus an up-to-date supplement for the 6th Edition of the Mallory Radio
~ Service Encyclopedia.

This handy, authoritative reference book is written for you . . . in your language. The total of
more than 175 pages includes over 400 TV sets, almost 2,000 AM-FM Radio sets, and more
than 950 drawings and diagrams. .. in addition to sectional introductions and installation notes.

No other book gives you all this information. See your
Mallory distributor right aiwcay . .. ask him to reserve

your copy. The supply is limited. The price is $1.50.

The Service Technician’s Standard Replacement Authority!

4

ch 8] e et

P. R. MALLORY & CO., Inc., INDIANAPOLIS &6, INDIANA

October, 1950 I 3
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CAPACITORS

ARE
THE%iat COMPLETE
DISC CERAMIC LINE

DEVELOPED especially for

the television industry,
Sprague Cera‘mite Capaci-
tors fill the bill for the alert
service technician!

Temperature-compen-
sating, general-use, and
high-K bypass types fit
every type of circuit appli-
cation. The low self-induc-
tance feature of the flat plate
with uni-directional lead de-
sign gives better high fre-
quency performance than
the older tubular ceramics
which they replace. And
they're ideal as mica capa-
citor replacements, too!

Tiny and dependable,
every Cera-mite is rated at
1000 volts test, 500 wvdc,
and for operation at 185°F.

Cera-mites are clearly
stamped with capacitance—
no confusing color coding.

Stock up at your Sprague
distributor without delay!

Write for Cera-mite Bulletin

« Trademark

PRODUCTS COmPANY

DETRIBUTORS DIVISION OF THE SPRIACUE BLICTRIC COMPANY

51 MARSHALL 5T., MNORTH ADAMS, MASS.

16

* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS’
WASHINGTON EDITOR

THE KOREAN CRISIS AND
COLOR TV found themselves com-
mon targets of seething Congressional
comments as the race to set standards
reached its final stages toward the
closing weeks of summer. With ru-
mors, indicating that the Asiatic situ-
ation and our heavy defense plans
might stifle a color decision, whistling
through practically every office in the
Capitol, legislators concerned with
communications activities became
quite concerned. Someone had to con-
firm or deny these whispers, it was
felt. And someone did, in a blunt de-
cisive way, Senator Edwin C. Johnson.
As chairman of the all-powerful Sen-
ate Interstate and Foreign Commerce
Committee, who sparked the color
hearings, it was believed that his re-
marks would tell the story. The story
was told in an acid letter to FCC
Headman Wayne Coy, which blasted
the whisperers, denouncing them as
- . . “busy-body scandal mongers.”

Describing the employment of the
current crisis as an alibi for delay by
the detractors of color television and
a frantic move, the Senator declared
that such thinking shows .. . “how
desperate they (rumorists) are for
any excuse for procrastination, defer-
ment, or weasley worded proposed
findings which have the deadly effect
of delay itself.”” The Senator then
added in this letter, which incidentally
was believed to be so important that
it was entered in the Congressional
Record, that . . . “it is wholly unreal-
istic for these selfish interests to seize
upon the war needs as an excuse; it
indicates an utter lack of appreciation
of the important part played by elec-
tronics in modern war.”

In the Senator’s opinion, the . . .
“immediate commercial utilization of
color television would be of vast aid
to the defense effort in testing engine
flame colors, observations of guided
missiles, surveillance of various
atomic processes, and in a number of
other still secret processes and devel-
opments. Whether or not the Korean
conflict, or even a major expansion of
it, would seriously affect production in
the electronics industry is beside the
point.”

Declaring that Korea was not part
of the testimony, the fiery statesman
said that . . .. “even if it were hon-
estly believed that a decision for im-

www americanradiohistory com

EpiToR’S NoTE: Just as we go to press
we received word from Washington that
the FCC has given “tcmporary approval”
to the CBS color television system. Final
decision will not be made until Decem-
ber 5th when RCA, CTI and others will
be asked to submit any additional testi-
mony which will convince the Commission
that standards for CBS should be delayed
or standards for other systems set up.

. mediate utilization of color could not

be put into effect, because of the war,
the Commission has no duty or respon-
sibility or even right to use such an
anticipated development as a prop for
no decision now, or for a proposed or
tentative decision, or for anything
other than a clear-cut definitive deci-
sion based on the record before it.”

Referring to letters sent to the FCC
by the proponents of color, urging a
prompt color decision, the Senator
stated that these letters .. . “prove
conclusively, once and for all, that the
selfish interests conspiring for delays
are not- the pioneers who have fought
the hard battle in the laboratory and
expended millions of dollars to make
this amazing recreational and educa-
tional development available to the
American people.”

Banging into the whisperers, the
Senator added that these .. . “busy-
body scandal mongers . . . ignore the
nine months of tedious, detailed, and
searching hearings only recently com-
pleted, the most intensive ever held by
an administrative agency. They for-
get the time and money spent by CTI,
RCA4, and CBS in presenting their
cases. Any further delay will place us
far behind the rest of the world in this
potentially phenomenal improvement
of the television art.”

Soon after this stinging note reached
the Commission’s office, Chairman Coy
declared that the FCC did not intend
to delay its color decision because of
world problems. The chairman of the .
board of RCA, General Sarnoff, also
rebuked those who had been waging a

‘delay war, in a letter to the Commis-

sion, stating that . .. “On behalf of
RCA and NBC, we wish to reiterate
that we have not and do not favor any
delay in the establishment by the FCC
of commercial standards for color tele-
vision. . . .”

CBS’s prexy, Frank Stanton, also
forwarded a strong note criticizing de-
lay movers to the seven guardians of

RADIO & TELEVISION NEWS
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An Exciting
New Discovery in
High Fidelity Reproduction!

HERE'S terrific sales appeal —as well as lis-
Ttening pleasure—in this revolutionary
General Electric Stylus! Like a baton in the
hands of a skilled symphony conductor, it brings
out the full tonal quality of recorded music as
you've never heard it before!

EICEATE PR L= P

O¢tober,

SINGLE-TWIST
STYLUS

Until the development of the
Baton Stylus, this model afforded
unsurpassed fidelity. The single-
twist arm and single damping
block were designed for a track-
ing pressure of 21 grams. It
was recognized, however, that
lighter pressure would lengthen
both record life and stylus life.

bu m/ézz//owz

1950

HOW COMPLlANT "CAN AN NEEDLE BE"

STYLUS

Bending and twisting to every
undulation of the record groove,
this stylus reproduces each fone
value with amazing clarity.
Tracks at 6 grams—thus provid-
ing the maximum degree of
compliance that may be used
successfully with commercially
available tone arms. Double
damping blocks filter out super-
fluous vibrations.

GENERAL‘ELECTNG |_C'“

Its feather-light tip, on the end of a dual-twist
cantilever arm, follows every curve and dip of
the record groove with a compliance so delicate
it picks up frequencies through 10,000 cycles
per second! The blasting, buzz, and hum so
annoying in most record reproduction are virtu-
ally wiped out. Above all — the tone fidelity of
the Baton Stylus is unsurpassed by any other
commercially available unit! Equipped with
diamond or sapphire tip, it fits any G-E replace-
able stylus cartridge.

Dealers and Servicemen!

There’s a big market for the Baton Stylus
among present users of General Electric car-
e tr1dges Hi-fi fans and record enthusiasts
everywhere will want this sensational new
model in their phonograph tone arms. Be
B sure you get your share of this business .

the coupon below can open the door to new
customers, new sales, new profits.

; FREE Baton ﬂyh__.lé F_ulide_rl' :

General Electric Company, Section 9100
Electronics Park, Syracuse, New York

Send me FREE folder on the new Baton Stylus.

I NAME

ADDRESS

STATE

wwWw americanradiohistorv com
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AJ"fdl‘ZC raised tremendously
the leval of improved TV reception
througt. pre-amplification of signal,
when it developed its famous de-
luxe model AT-1 Booster with ex-
clusive variable gain control and
dual tuning. Now Astatic brings
another great advancement to the
progress of TV enjoyment — with
two low-cost boosters that equal. to
all practical purposes, the primary
function of the highest priced units.

Never before has so much quality Booster Model BTs2

List Price $32.50

been incorporated in a booster to
sell at so low a price. Why not get
the complete details? Write today.

. LOOK AT THE AMAZING

- QUALITY FEATURES IN

THESE LOW-PRICED
BOOSTERS

1 Employ Mallory Inductuner for
continuous variable tuning.

2 High gain, very uniform on both
high and low channels.

3 Simplified controls—single tun-
ing knob with continuous tuning
through both TV and FM bands.

4 Band width adequate over entire

- Booster Model BY-] range.

List Price $29.95

Only ASTATIC offers
as complete a choice of

BOOSTER MODELS

5 Low noise design and
construction.

6 No shock hazard to user.

7 Off-on switch for easily cutting
in and out of circuit.

8 Selenium rectifier.
9 Use single 8AK5 Tube.

10 Provide for either 72 ohm or 300
ohm impedance input and output.

11 Model BT-2 has handsome, dark
brown plastic cabinet.

12 Model BT-1 has metal cabinet in
rich mahogany woodgrain finish.

13 Large dial face is easy to see

Booster in tuning.
M?del "“'1 14 Model BT-2 has recessed pilot
Increasing numbers of TV set List Price light to show when booster is on.
owners will still want the

$49.50

finest Booster that money can
buy — and that means Astat-
ic's deluxe Models AT-1 and
AT-1B, with rich furniture fin-
ish mahogany or blond wood
cabinet, exclusive and vari-
able gain control, dual tuning
and powerful four-tube
operation.
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the ether, declaring that . . . “I would
like to underscore what the record
already makes clear, that Columbia
has always wanted and now wants a
prompt and definitive decision adopt-
ing a system of color television and
fixing full commercial standards there-
for. We are not and never have been
in favor of any deferment whatever of
a definitive color decision.”

While in the Senator’s caustic bar-
rage of words, industry was praised
for its efforts in the color push, the
singular effort, of which many believe
the admirer of color was particularly
proud, was the Condon report, which
appeared shortly before the historic
letter was framed. It was this report
which in its semi-official status indi-
cated that color TV was now pos-
sible, and thus bolstered the Congres-
sional leader’s views. As stated in
our report last month, the Condon
Committee edict declared that the
CBS field sequéntial system had
reached a satisfactory state as to
color fidelity, but was not likely to
improve substantially, while the RCA
system can be expected to improve,
and the CTI, which was less fully de-
veloped, has . .. “somewhat greater
possibility of future improvement.”

The Condon report was met with
mixed reactions by the proponents,
particularly CBS and RCA4, with CBS’
vice-president, Adrian Murphy, high-
ly critical of several sections of
the review. According to Murphy,
the report . .. “by dealing primarily
with theoretical ultimate perform-
ances, which may or may not be
achievable to some extent, obscures

.the comparative readiness of the re-

spective systems to render satisfac-
tory commercial service in the home
on both local and network basis. . . .
Moreover we feel that some confusion
on this score results from ... the
opinions on . . . potentialities and fu-
ture improvements. . .. The para-
graphs referred to on the one hand do
not explicitly cope with relative readi-
ness, and on the other hand they seem
to indicate, by implication, that a sys-
tem has an advantage because it has
more difficulties yet to overcome. This
seems tantamount to implying that in
the 100-yard dash a 15-second man is
more promising than a 10-second man
because the former has greater ‘op-
portunity for improvement.” ”

From RCA’s lab division chief, Dr.
C. B. Jolliffe, came the comment that
the committee had gone . . . “out of its
way to be fair” ... and that the
group was . . . “entitled to great cred-
it for its brilliant job in presenting a
clear, constructive analysis.” There
appeared to be one section of the re-
port of which Dr. Jolliffe was some-
what critical, and that covered the
commentary on the disc. The Condon
group had cited the advantages of the

filter, but according to Dr. Jolliffe,
omitted the disadvantages. On this
point, he declared that ... “If disc

apparatus is to aid CBS in the cate-
gories of color fidelity, registration,
(Continued on page 145)
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WORK-
COLLY
for

| H.E.HEAT

ING

Fig. 1. Split type work-coil in load-
ing position with crankshaft in place.

By R. A. WHITEMAN

Consulting Engineer, Chicago

Theoretical analysis and practical experimentation are combined
to obtain the optimum design for induction heating work-coils.

7 NHE application of induction heat-
ing to surface hardening, brazing,
© melting and annealing of metals
requires suitably-designed work-coils in
order to concentrate the heating effect
to specific regions of the materials. To
heat a metallic object by the induction
method, it is placed in the vicinity of
the work-coil and strong electric cur-
rents are induced in the object, thereby
generating heat without contact. The
distribution of the induced currents,
and likewise the heat generated, depend
upon the geometrical configuration of
the work as well as the work-coil con-
ductors. A detailed discussion of the
advantages and disadvantages of differ-
ent work-coil configurations will be in-
cluded in this article. ]
There are two methods of approach
to the study of the performance of a
coil as a work-coil in induction heating.
One is the electric-circuit concept as
applied to the coil. This concept in-
cludes the lump electrical parameters
as resistance and reactance and enables
performance measurements to be made
with the aid of a @-meter. The other
method, which is more academic in
nature, considers the magnetic field
in the vicinity of the work-coil as well

OCTOBER, 1950

as the power equations applied to the
metallic load. This method provides a
means of visualizing and computing the
effects of changing the work-coil shape
on the magnetic field as well as the
coupling efficiency with the load. These
two methods will be studied and their
respective advantages applied to a num-
ber of applications.

The electric-circuit concept as ap-
plied to the study of the performance
of a work-coil and conductive load is
best understood by considering the
schematic representation as shown in
Fig. 2.

The work-coil, as illustrated in Fig.
2, has an inductance L., a resistance
R., and is supplied by a voltage E.
generated directly by a vacuum-tube

Fig. 2. Equivalent circuit of work-coil
and conductive load showing work-coil
current and work current electrically
separated but magnetically coupled.

ENGINEERING DEPT.
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oscillator or the secondary of a current
transformer. The piece of metal or the
work to be heated may be represented
electrically as in Fig 2 by a resistance
., in series with an inductance L,.
The mutual inductance between the
work and the work-coil is indicated by
M. The circuit equations for the work-
coil and the work are:

(B + jwlc) Io + joMI, = E, . (1)
joMI. +(Ruw+joLly) Io=0. . (2)

f is the frequency in cycles per sec-
ond and the inductances are in henrys.
To obtain the input impedance to the
loaded work-coil, these two equations
are solved for the ratio of E, to I, or
E./I.. This ratio expressed algebrai-
cally is:

Zo=R. + M) B0

R+ (eLy)*

. _ (eM)’L.
+ jo [Lc —sz—l—(wLw)z] .. (8)

This equation shows that the effec-
tive input resistance to the loaded work-
coil is increased by the presence of the
metallic load while the effective induct-
ance has decreased.

For convenience of test measurement,

3A
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Fig. 3. Spiral-type work-coils for brazing suction fitlings into compressor housings.

LARGE LEAKAGE
REACTANCE\

[.

SMALL LEAKAGE

REACTANCE\

Fig. 4. (A) Poor arrangement of six work-
coils in series. Leakage reactance is
high. yielding low coupling efficiency.
(B) Better arrangement with low leakage
reactance and high coupling efficiency.

A

(8)

let «L../R. be the @ of the work or Q.
Then the increase in the effective re-
sistance due to the metallic load is:

(M., Q2
AR““(L..,)R’”Q;H

which will provide a method of evaluat-
ing the efficiency of the work-coil and
work. The efficiency of the circuit illus-
trated in Fig. 2 is defined as the ratic
of the power transferred to the load

(4)

Fig. 5. Variation of coupling efficiency
with parameter K showing a high
efficiency for K greater than four.
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to the total power supplied to the ter-
minals of the ecircuit. This ratio is:

. AE,
- Rc + A RC ) (5)
and by substituting Eqt. (4) in (5)

and assuming that Q. is at least equal

to or greater than 4, the efliciency
formula reduces to:

(1) E:

L, E.

R
M )2 R,

1+ (z.) %

In order to facilitate the study of
the general shape of the curve ex-
pressed by Eqt. (6), let the funda-
mental parameter K be equal to (M/Lw)*

(Rw»/R.), and then the efficiency equa-
tion becomes:

N K
=17K-

This equation is plotted as a curve in
Fig. 5 with the efficiency 7 plotted along
the ordinate and K along the abscissa.

To illustrate the functional relations
of the above circuit equations in a quan-
titative manner, consider the measure-
ments and calculations made on a

(6)

4]

(7)

Fig. 6. Efficilency curve with reactance
and resistance vs. frequency for «
work-coil loaded with magnetic steel.
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typical multi-turn work-coil closely
coupled to a magnetic steel load. With
the aid of a @-meter operating at a
frequency of one-half megacycle, the
inductive reactance of the loaded coil
was found to be 1.4 ohms and the cor-
responding effective resistance was .89
ohms. At one megacycle, the inductive
reactance was measured as 2.85 ohms
and the effective resistance was 1.18
ohms. A graph of these and other mea-
surements together with the calculated
work-coil efficiency is shown in Fig. 6.
This example illustrates the application
of the electric-circuit concept to the
study of the performance of a typical
work-coil.

A tremendous amount of design and

experimental time applied to adjusting
a work-coil can be saved by first
evaluating the desired @ for the oscil-
lator tank-circuit and then measuring
the loaded tank-inductance with a Q-
meter. This may be done with a reason-
able degree of accuracy by using the
formula:
Q = CRL (8)
where E, is the load impedance of the
tank circuit and C is the tank capac-
itance. By disconnecting the inductance
of the tank circuit from the tank capac-
itance, the tank inductance with work-
coil and load are ready for @Q-meter
measurements. If the measured @ is
greater than the computed value, the
load impedance of the loaded work-coil
is too high for the particular high-
frequency voltage available and the
power converted to heat in the load
will be less than required. Likewise, if
the measured @ is less than the com-
puted value, the impedance of the work-
coil will be too low and considerably
more power will be absorbed by the
load than desired. The numerical value
of the @ of this circuit may be de-
creased or increased as desired, by
either of several adjustments or by
taking advantage of all of them. These
adjustments consist of increasing or
decreasing the coefficient of coupling
with the load, changing the number of
turns of the work-coil and as a last
resort changing the capacitance of the
tank circuit which will also change the
frequency of operation. The effects of
these adjustments are quickly and
easily observed with the aid of a @-
meter, thereby simplifying the proce-
dure of work-coil design.

One very important method of in-
creasing the coefficient of coupling be-
tween a work-coil and the work is that
of reducing the leakage inductive re-
actance. This will, of course, reduce
the @ of the tank circuit as well as the
reactive circulating current. A reduec-
tion of the leakage inductive reactance
can be accomplished by decreasing un-
necessary areas enclosed by the leads
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and other conductors of the work-coil.
An example of a poorly arranged coil
consisting of a group of 6 work-coils
in series is shown in Fig. 4A. A much
better arrangement of the conductors
with less enclosed area is shown in Fig.
4B and as a result of this geometry,
there is less leakage inductive react-
ance. An application of this type of
series connection is shown in Fig. 8
and illustrates very well how the leak-
age-inductive reactance can be reduced
to a very small value.

Another important factor that must
be kept in mind when attempting to
increase the coefficient of coupling is
the cross-sectional shape of the work-
coil conductor. If the cross-section of
the conductor is circular and the cou-
pling coefficient is not sufficient, it is
possible to increase the coefficient by a
few per-cent by using a conductor with
an elliptical cross-section. The major
axis of the ellipse should be perpendic-
ular to the work surface. In fact the
use of conductors with an elliptical
cross-section will produce such a highly
concentrated magnetic field that the
temperature pattern will be extremely
non-uniform.

Of all the various shapes and types
of work-coils used for induction heat-
ing, the conduction material used in
many applications is generally 3/16”
or '4” diameter copper tubing. The
cooling of tubing type work-coils may
be accomplished by passing water
through the coil. It is interesting to
note that this type of work-coil may
be used as an internal or external coil
for heating purposes. An arrangement
of a typical coil for internal work is
shown in Fig. 7TA while a coil used
for external work is shown in Fig. 7B.

There are applications of induction
heating where a tubular work-coil can
not be used because of the geometrical
shape of the work. Any work to be heat
treated that cannot pass through a
tubular work-coil can be enclosed by
a two-piece or split-type work-coil.
This particular application is well illus-
trated by the split-type coil shown in
the photograph of Fig. 1.

In this analysis of work-coils thus
far, no consideration of the depth of

Fig. 7. (A) Constructional layout for
an internal work-coil showing how
to arrange coil leads close together.
(B) Arrangement for external work-
coil showing a constant pitch helix.

OCTOBER, 1950

Fig. 8. Arrangement of six work-coils in series with small leakage reactance.

penetration of the induced currents into
the work has been made. It is impor-
tant to note that the induced-current
density is dependent upon the radius
of curvature of the heated surface and
that on a convex surface the depth of
penetration will be greater and on a
concave one less than (C/2w)\/p/uf.
This means that the induced-current
density will be less at the tooth points
than in the tooth spaces of a cam as
well as a gear. Since the heat generated
is proportional to the square of the
induced-current density, less heat will
be developed at the convex than at the
concave surfaces.

This non-uniform distribution of the
heat developed may be compensated
somewhat by increasing the frequency
of operation. The net effect is to de-
crease the depth of penetration and
depend upon heat conduction to equalize
the temperatures. If the shape of the
work is such that the concave surface
is adjacent to a large mass of metal,
the heat developed will be conducted
rapidly away from the concave surface
and also compensate for the higher
heat intensity.

Furthermore, it is important to em-
phasize that when the depth of pene-
tration of the induced currents in the
work is much less than the over-all
dimensions, then neither the resistivity
p nor the permeability ¢ of the mate-
rials will affect the distribution of
peripheral density of the induced cur-
rents. The distribution of the magnetic
field strength under such conditions
will be about the same for both steel

. and copper. The values of p and u will
affect only the depth of penetration and
the actual amount of heat generated
by induced currents in the surface lay-
ers of the metal.

ENGINEERING DEPT.
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Fig. 8. A current-carrying conductor
above a sheet of conducting material.

Although it is customary to think
of a tubular coil in the shape of a
helix to have a constant pitch, it has
been advisable and in some applications
necessary to use a variable pitch coil.
It is erroneously believed by some, that
the depth of penetration depends upon
the pitch of the work-coil, but the depth
of penetration is actually given by the
formula (C/27)\/p/uf. The magnetic
field intensity does depend upon the
pitch of the helix and consequently de-
termines the power developed in the
surface layer extending to the depth
of penetration. As the pitch of the coil
is decreased and the magnetic field
intensity increased, the power will in-

Fig. 10. Current-carrying circuit
C. illusirating Ampere’'s law.
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COUPLING EFFICIENCY 7

crease and the temperature will rise
more rapidly to its required point, but
the depth of penetration remains the
same. Of course, if the power is de-
veloped for the same period of time,
the heat energy will extend beyond the
depth of penetration due only to con-
duction.

It is because of heat conduction that
the depth of heat treatment is greater
on a surface closer to the turns of a
work-coil. An off-center piece of metal
within a work-coil will have more
power developed per square inch of
surface but the depth of penetration
is the same. A practical approach to
compensate for this variation in manu-
facturing processes is to rotate the
load slowly at approximately 60 r.p.m.
The motion of the work will distribute
the higher and lower intensities of

Fig. 14. (A) Two, and (B) three
current-carrying conductors above
a sheet of conducting material.
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Fig. 12. Magnetic field intensity
in a conducting sheet of material
under « three-conductor work-coil.

power over the entire heated area
periodically so that the net result is
a fairly uniform heat treatment in-
stead of a non-uniform heating effect.

The problem of obtaining a satis-
factory efficiency and performance of
a work-coil is not too difficult to solve
by the trial and error method when
the coil is a simple helix; however, for
a great many applications a special
coil shape is necessary and an under-
standing of the performance of a num-
ber of basic shapes is of great value.

To make this study of basic coil
shapes as systematic as possible, it
is advisable to introduce the second
method of analyzing the efficiency and
performance of work-coils. Since this
method requires calculations which are
different in detail for different coil
shapes, a general method of calculat-
ing the coupling efficiency of an elec-
tromagnetic configuration will be pre-
sented. This general method is based
upon a formula known as Ampere’s
law and is expressed algebraically as:

@ P

where these quantities are shown in
Fig. 10 and Trepresent the magnetic
intensity vector H at a point P due
to the electric cireuit C. Point P is a
distance p from the differential circuit
element d! which in turn is carrying
an electric current I. The integration
is to extend over the entire electric
circuit C. Tt is also necessary to note
that the product indicated in Eqt. (9)
ig the Gibbs’ vector product. Since the
current density J is numerically equal
to the magnetic field intensity vector
H, Eqt. (9) may be substituted for J
in the following equation which ex-
presses the power developed in the
work load. This equation is:

1 +o0
awswf;o;]’” dw

where o, is the conduectivity of the

P, = (10)

work load and S. the depth of pene-

tration. Likewise, the power dissipated
in the work coil is

1 +co
— W 2
oo Scf_ch de
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where the corresponding quantities are
for the work-coil instead of the work
load. Of course, the evaluation of the
integrals (10) and (11) is not accom-
plished in a simple manner unless the
electromagnetic configuration is fairly
simple. The evaluation of (10) and
(11) will be given for a few basic
arrangements so that the coupling effi-
ciency 7, already expressed in Eqt. (7),
can be computed with the aid of:

Pw
Po+ P,

In order to evaluate the equations
expressed by (10), (11) and (12), it
is first necessary to find the magnetic
intensity vector H with the aid of
Eqt. (9). This cannot be done with
the formula as it is expressed by (9)
because the method of notation is not
dependent upon the coordinate system
used for solving the problem. This dif-
ficulty may be overcome in two steps
by first using rectangular coordinates
and then transforming to the most
convenient coordinate system for the
particular problem under consideration.
For the rectangular coordinate system,
let:

7 = (12)

r=xit+yj+zk. (13)
Al=dXi+dYj+dZk. (14)
ol e Wit )

By substituting equations (14) =-1

(15) in (9), the three mutually per-
pendicular components of H are ob-
tained. Since the integration of (9)
is performed along a curve in space,
the coordinates X, Y and Z can be
expressed in terms of a single param-
eter m, and thereby reduce Eqt. (9) to
the forms:

MMy
fi (m) dm .

Hy = (16)
Mo
.’lnx

Hy= { f: (m) dm . 17)
Mo
M

H,—= [f: (m) dn (18)

Mo

As a basic arrangement and a first

approximation to a single turn coil

around a large diameter load, consider
(Continued on page 28A)

Fig. 15. Magnetic field intensity
in a conducting sheet of material
under a two-conductor work-coil.
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An AMPLIFIER for
MAGNETIC
ONCILLOGRAPH

By C. J. TIRK

Engineering Laboratories
Westinghouse Electric Corp.

B UT FOR ONE major limitation
—low input impedance — the
magnetic oscillograph would
have a much wider field of application.
It could, for example, be used to record
voltages appearing at potential taps of
condenser bushings, a use for which it
is ideally suited, but for its one draw-
back. The advent of a new amplifier,
which offers the necessary high imped-
ance input, will undoubtedly extend the
utility of the already useful magnetic
oscillograph.

By the use of this amplifier the field
of the magnetic oscillograph is extended
to include many measurement problems
confronting utility and industrial engi-
neers. In addition to the application
mentioned above, utility engineers could
use the oscillograph for such thing as
recording voltages at the potential taps
of carrier-current coupling devices; en-
gineers in industry can find a multitude
of new uses, such as in recording the
operation of electronic devices.

The magnetic oscillograph is prima-
rily a recording device. It can make
multiple, simultaneous records, and is
well adapted to measurements of tran-
sient phenomena. The frequency re-
sponse of the magnetic oscillograph ex-
tends from d.c. to several thousand
cycles per second, which range is ade-
quate for many important measure-
ments.

Without modifving any of these de-
sirable characteristics, the new ampli-
fier, which has an input impedance of
10 megohms, removes the impedance
limitation. This condition permits the
use of the oscillograph with various
forms of capacitance voltage dividers,
as well as making possible a perform-
ance record of electronic control sys-

OCTOBER, 1950

Top view of amplifier showing
the coaxial relays (lower leit)
and the batteries in place.

Design

a high

tems and servomechanisms, with no
more burden on the circuits than would
be imposed by a vacuum-tube voltmeter.

The new amplifier has three stages
(see Fig. 1A). The input and output
stages are cathode coupled to give high
input and low output impedances, and
the second stage is plate coupled to pro-
vide voltage gain. Twin triodes are used
throughout. The double input is so ar-
ranged that the difference of two volt-
ages that are above ground potential
can be measured, with the amplifier
chassis and power supply grounded.

A separate amplifier is required for

of a 3-stage transformerless amplifier having

impedance input and a low impedance output.

each oscillograph element. Within the
frequency range of the oscillograph,
the amplifier distortion, including phase
shift, is negligible. The over-all sensi-
tivity of the amplifier-oscillograph com-
bination depends in part, of course, on
the oscillograph sensitivity. With a
high-frequency-response element, the
sensitivity is about three volts per inch;
with a high-sensitivity element, it is
about 0.06 volt per inch.

Because most tests in which the am-
plifier is used are staged, or are of such
a nature that the device is self-calibrat-

(Continued on page 25A)
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By
ALLEN C. MURSTER
Research Div., Philch Corp.

Any desired

characteristic may be obtained to an

single-valued transfer

accuracy of 1 9, with the monoformer.

PV ®HE MONOFORMER is an elec-
tronic cam. By all-electronic meth-
" ods it can provide any desired
single-valued transfer -characteristic.
Voltage and impedance levels employed
are those common to electronic systems,
and power requirements are small. The
monoformer employs a small electro-
static cathode-ray tube containing a
target plate carrying the desired trans-
fer characteristic, and a simple feed-
back network. For many applications
the feedback network contains no com-
ponents other than a single resistor.
With regard to acecuracy and response
time the monoformer compares favor-
ably with electromechanical devices used
to develop nonlinear relationships. The
monoformer has excellent transient re-
sponse, reaching its final output within
3 microseconds after a step of input
voltage is applied. The transfer funec-
tion is accurate to within one per-cent.
Repeatability is substantially unaffected
by tube aging and the like.

Method of Operation
The various components of the mono-

former are shown in Fig. 4. The gun
structure of the monoformer tube is con-
ventional. An additional anode is in-
cluded to collect secondary electrons
from the target plate used to replace
the phosphor. This target plate consists
of an aluminum disk printed with ecar-
bon ink. As shown in Fig. 3, the desired
law of the monoformer forms the bound-
ary between the uncoated and carbon-
coated areas of the target disk.

The monoformer shown in Fig. 4 op-
erates by servoing the electron beam to
the boundary between the aluminum
and carbon areas of the target plate.
Aluminum and carbon have different
secondary emission ratios. Consequently
the target current is a function of the
material struck by the electron beam. A
voltage determined by this target cur-
rent is fed back to one set of deflection
electrodes in such a sense that the elec-
tron beam is caused to move to the
boundary separating the coated and
uncoated areas.

If the boundary between the two
areas is ¥y = F(x«), y signals may be
obtained from the deflection electrodes

Fig. 2. Block diagram of a polynomial generator.
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Fig. 1. Typical monoformer
tubes. The transfer characteristics
may be seen on the aluminum
discs at the ends of the tubes.

in the feedback loop, while the inde-
pendent z signal is applied to the other
set of deflection electrodes. The mono-
former does not introduce any active
loading or extraneous signals into the
input signal bus.

Transient Response

The monoformer behaves like a pro-
portional servo system when the fre-
quency response around the feedback
loop is adequate. However, very high
frequency feedback signals can be re-
quired by either high frequency input
signals or transfer functions having
steep slopes. In either case the electron
beam may be driven completely onto one
of the target areas, and the system
temporarily acts as a regulator rather
than a servo. The dead zone of the con-
ventional regulator is replaced by a
servo zone in the monoformer. The
damping provided by the servo zone
prevents instability although a small
overshoot may occur. Analysis shows
that the monoformer with no more than
one stage of amplification in the feed-
back loop is always stable.

Transient response may be improved
by increasing the figure of merit of
either the feedback amplifier or the
monoformer tube. (Transconductance of
the monoformer is 8liorge:/8F sosteorion aS
the electron beam crosses the boundary
between the target areas.) Increase of
the monoformer transconductance much
beyond its present value of 40 microm-
hos requires either an improved second-
ary emission surface or redesign of the
electron gun to increase the current den-
sity of the beam.

Push-pull feedback provides better
transient response than does single-
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ended feedback because the deflecting
voltages add but the time constants as-
sociated with the deflection plates do
not. Furthermore, push-pull feedback
provides greater accuracy.

Acceuraey

The monoformer electron beam can-
not track the target curve exactly, but
must produce an error signal to effect
deflection of the beam to the curve. This
“static error” can be reduced by in-
creasing the gain around the feedback
loop. If an amplifier is employed in the
feedback network, it may limit at out-
put voltages above that required for the
peaks of the monoformer law without
affecting static accuracy. However, lim-
iting in the feedback amplifier will im-
pair the transient response.

If sufficient gain is provided around
the feedback loop, accuracy of the mon-
oformer is limited mainly by aberra-
tions in the electron beam, but some
error is caused by astigmatism if sin-
gle ended deflection is employed. Errors
are largest when the law of the mono-
former has corners which are too sharp
for the beam to resolve.

Applications

The monoformer may be used wher-
ever a nonlinear relationship is required.
Its major uses to date have been:

1. Analog computers, where the rela-
tionship ¥ = f(x) is used to modify an
input voltage for computational pur-
poses.

2. Volume compressors and expand-
ers, to increase the efficiency of trans-
mission systems.

3. Waveform generators, where the
input signal, x, may be a sawtooth or
sine wave, and the output signal, y, is
the waveform desired.

Targets for these applications are il-
lustrated in Fig. 3. The clipper-limiter
shown may be used as either an “infi-
nite-clipper” (deflection to left of center
of target), or as a linear amplifier with
a sharp limiting threshold (deflection to
right of center of target).

In many analog computer applications
it is desirable to alter the relationship
y = f(x) for different problems. If the
number of different relationships re-
quired is small, separate monoformer
tubes may be employed. However it is
not necessary to obtain a new mono-
former for each relationship. The out-
puts of several monoformers may be
added to obtain new functions as shown
in Fig. 1 where a number of mono-
formers of the form y = a" are used to
generate an arbitrary polynominal of
the form y = .. a.x". By replacement
of the monoformers with those of the
form y = ¢ or y = cos nx, the same
generator may be used to generate y =
Sin e Or Yy = 5, ¢.€0s nx. Such a ma-
chine can be used to solve many of the
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time consuming equations confronting
the engineer.

Construction of the Monoformer

The gun structure of monoformer is
that of a standard electrostatic cathode-
ray tube, except that the grid-cathode
spacing is less than that usually found
in tubes which employ intensity modu-
lation. This smaller spacing permits in-
creased beam current, but makes cut-off
more remote. Since the monoformer tube
is not generally intensity modulated,
cut-off is unimportant.

The target is a one inch diameter alu-
minum disk with the law of the mono-
former printed in carbon ink. Printing
is done from a photoengraving made
from a larger drawing. This process
prevents the introduction of errors be-
tween the large, easily checked draw-
ing and the final product.

Two monoformer tubes are shown in
Fig. 1. The tubes are 8 inches long and
1% inches in diameter. Standard CRT
bases are employed. Connections to the
target and collector electrode are made
by conventional CRT high voltage con-
nectors. In the tubes shown, the collec-
tor electrode was made transparent to
permit easier observation of the target.
The target is usually dusted lightly
with phosphor to assist in initial ad-
justment of the monoformer.

Operating Conditions

Typical operating conditions for the
monoformer tube without amplification
in the feedback loop are given in Table
I. Both positive and negative voltages
are applied to the tube so that the sig-
nal from the target may be d.c. coupled
to the deflection plates without intro-
ducing any distorting fields between
the deflection plates and the second
anode.

If an amplifier is used in the feedback
loop, the collector may be connected to
the second anode and the target oper-
ated with negative bias. The plate volt-
age required for the amplifier tube
then serves to bring the average feed-

&

S5QUARE Law

LOGARITI4MIC

CLIFPER-
LIMITER

" 4

ARBITRARY
WAVE SHAPE

Fig. 3. Typical monoformer targets. The
targets are made of aluminum and the
dark portions. constituting the desired
wave shape, are printed with carbon ink.

Accelerating = —500 volts
Voltage
Accelerating 400 microamperes
Current (including cen-
tering controls,
ete.)
Second Anode 0 volts
Voltage
Collecting 100 volts
Voltage
Collecting 50 microamperes
Current .
Signal Input 40 volts for full
deflection
Signal Output 30 volts for full
deflection
Accuracy 1%
Response Time 400 gsec. to step
input

Table I. Typical operating conditions
for the monoformer tube without
amplification in the feedback loop.

back signal level applied to the deflec-
tion plates to the same potential as the
second anode. With suitable amplifica-
tion in the feedback loop, the response
time may be decreased to 1 usec. with-
out loss of accuracy.

@

Fig. 4. Details of the interior construction of a printed target monoformer tube.
The gun structure is similar to that of a standard electrostatic cathode-ray tube.
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Fig. 1. Operator is shown making a routine laboratory comparison.

This instrument, calied a Fluoretor, provides an

ultraviolet light source powered by flashlight

batteries. It features an integral dark chamber.

various kinds have been widely
applied in the commercial detec-
tion and identification of materials such-
as ores, minerals, chemicals, food con-
taminants, and the like. Materials-test-
ing engineers use u-v for non-destructive
fluorescent examination of parts and
structures for manufacturing defects®
or incipient strain failures.
Criminologists utilize such equipment
for discovery of clues, for comparison
and identification of fabries, dusts, and
stains of many kinds as well as for trac-
ing the movement and handling of ob-
jects which have been treated in such
a way as to leave fluorescent markings
on the hands of people touching them.
Altered documents, postage stamps,
gems, and a tremendous variety of
items yield valuable information under
ultraviolet. In medical fields, diagnosis
of certain skin infections such as ring-
worm, and measurement of blood circu-
lation (with the use of fluorescent trac-
ing materials injected into the blocd

: jLTRAVIOLET light sources of

10A

stream) are two of many possible uses.

A recent development of Menlo Re-
search Laboratory, Menlo Park, Cali-
fornia, permits the application of u-v
to such operations without the limita-
tions imposed by power lines, heavy

By CHARLES WEEKS'

Technical Director
Menlo Research Laboratory

batteries, and high ambient light levels.
The instrument, called a Fluoretor, is
illustrated in use in Flg 1, making a
routine laboratory comparison.

The specimens being examined are
enclosed within the light-tight cylindri-
cal housing in the technician’s left
hand. Complete self-contained power
supply is housed in the barrel of the
handle which is attached by a knuckle
joint to the light-source and filter hous-
ing. The specimens are studied under a
three-power magnifying eyepiece which
slides in and out for focusing. The end
cap of the dark-chamber housing is a
slip fit and a set of six caps is provided
for securing various kinds of samples
for observation.

Specimens too large for insertion in
the chamber can be inspected by hold-
ing the open end of the dark-chamber
against their surfaces. For irregular
surfaces, a soft-sponge-rubber cone fits
this end of the unit and excludes am-
bient light under the area under study.

An exploded view of the instrument
is shown in Fig. 2. Connections between

(Continued on page 29A)

Fig. 2. Exploded view of the Fluoretor shows the various parts used in
its congiruction. Note the flashlight batteries used as a power source.
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Dual accessory unit for VOR navigation system.

The second and concluding part includes a detailed
analysis of the various portions of a VOR system.

P HE FAIRLY complete analysis of

the Visual Omni-Range instrumen-
- tation and ecircuitry which follows
is intended to give the reader a com-~
prehensive, over-all picture of the func-
tioning of the system.

VOR Instrumentation

A functional diagram of the instru-
mentation system appears in Fig. 1.
The system provides the following facil-
ities:

a. Localizer, tone type, for the re-
ception of ILS signals.

b. Localizer, phase type, for recep-
tion of ILS signals from phase type
localizers which are expected to come
into general use because of their im-
proved accuracy and other advantages.
The transmission system is practically
identical to the system of VOR trans-
mission.

c. Omni-Directional Range reception,
combining ADF and magnetic compass
information on the Radio Magnetic
Indicator.

d. Omni-Directional Range reception
with course information presented on
the ILS Deviation Indicator.

Receiver

Channel sclection is made from the
cockpit by use of a control which per-
mits a choice of any one of 280 channels
over a nine-wire system. The coarse

OCTOBER, 1950

frequency dial may be set to any one
of ten positions and the fine frequency
to any one of 28 positions.

A mechanism, designated the Auto-
positioner, drives either the megacycle
shaft or the tenth megacycle shaft from
a single motor through a pair of simple
overrunning eclutches and stop mech-
anisms.

The receiver is a double conversion
superheterodyne having a tunable first
if. of 19.5-21.4 mec. and a second fixed
i.f. of 3.2 mec. Refer to the block dia-
gram of Fig. 3.

When used with the accessory unit
for complete instrumentation the re-

Fig. 1. Functional block diagram of
the VOR instrumentation system.
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RADIO NAVIGATION
UIPMENT

By JOHN P. GRIFFIN

Northwest Airlines, Inc,

ceiver provides for both track flying
by means of a radial selector (Omni-
Bearing Selector) and a deviation indi-
cator and for ADF flying by means of
the RMI.

The accessory unit houses two dyna-
motors, the servo amplifier for the RMI
and the Omni-Bearing Indicator. Since
the unit is mounted in the radio rack,
the bearing indicator is not used by
the pilot. For that reason the unit will
get scant attention in this article. It is
not shown on Fig. 1; however, the
indicator portion of the accessory unit
is shown in other schematics where its
function is pertinent to the operation
of other circuits.

The receiver also serves as an ILS
localizer receiver and may be used as
a v.hf. communications receiver by
providing the proper type antenna.
(V.h.f. communication signals are ver-
tically polarized, Omni-range and local-
izer signals horizontally polarized.)

A switch on the Omni-Bearing Selec-
tor selects either tone or phase mod-
ulated localizer signals. An audio
volume control is located on the Radio
Control Panel.

Primary supply is 28 volts d.c. from
the ship’s bus and 26 volts, 400 cycles
from the ship’s inverters. Tube types
CK5654/6AK5 and 5670 are wused
throughout the unit except one 0A2
voltage regulator. :

Fourteen crystals supply the injec-
tion frequencies for the first converter.
They are selectable by the tap switch
driven by the megacycle autopositioner.
As is indicated in the block diagram
of Fig. 3, the megacycle positioner also
tunes the crystal multiplier string as
well as the four tuned circuits in the
r.f. amplifier preceding the first con-
verter.

Injection frequencies for the second
converter are supplied by a group of
20 crystals and are selected by a switch
driven by the tenth megacycle auto-
positioner. This positioner simultane-
ously tunes the second injection crystal
multiplier circuit as well as the four
tuned circuits associated with the first
i.f. amplifier string.

Signals received in the selected 2
me. band pass through a pair of tuned

11A
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VOR installation in NWA aircraft—two receivers, one dual accessory unit.

Fig. 2. Typical resolver circuit.

circuits to the first converter. Also
feeding the first converter is an in-
jection voltage of suitable frequency
to heterodyne the signal down to a
frequency lying within the 19.5-21.4
me. band of the first i.f. strip. This
first amplifier is tuned to the specific
frequency desired and it is thereby
selectively amplified. It is then fed to
the second frequency converter where
it mixes with an injection voltage ob-

tained from the second ecrystal group.
The output of the second frequency
converter lies in the middle of the
3.2 me. second i.f. amplifier pass band
and is selectively amplified and passed
to the detector.

Rejection of adjacent channel sig-
nals is provided by the selectivity of
the second i.f. which operates at 3.2
me. Added to the selectivity of the
first i.f. an over-all rejection cf 70 db.
to adjacent channel signals is obtained.

Accurate operation of the indicator
system requires a constant signal out-
put which is obtained by the use of
a d.c. amplifier in the a.v.c. system.
A combination oscillator and rectifier
is used to provide the negative voltage
supply for the d.c. amplifier circuit
and for other bias applications.

There is nothing unusual about the
detector. It includes a peak clipping

type noise limiter. A tap on one of the

frequency selector wafers in the re-
ceiver selects the proper audio gain
setting for 30 per-cent modulated voice
signals emanating from navigation
facilities and 100 per-cent modulation
signals delivered by communication
stations. The level switching, combined

with the inherent leveling action of the-

noise limiter, insures close control of

audio output at the proper preselected
level.

Indieating System

Illustrated in Fig. 6 are the facilities
for the operation of the Omni-Range
and localizer indicating system. The
RMI, which combines the magnetic and
Omni course information, is a separate
instrument unit but is controlled by a
servo amplifier "which is an integral
part of the radio receiver.

Voltage from the detector feeds
through an amplifier into a 10 ke. filter
and thence through an additional am-
plifier to an FM discriminator where
the reference phase is removed from
the 10 ke. subcarrier. The modulation
frequency is then passed through a
phase splitting network and amplifier
to the two quadrature field coils of a
resolver which forms part of the Omni-
Bearing Selector. From the resolver
the voltage is fed through an amplifier
and phase detector to the vertical needle
of the deviation indicator. Immediately
ahead of the 10 ke. filter, voltage from
the detector is taken off and passed
through a 30 cycle filter from which
the 30 cycle variable phase voltage
emerges. After amplification and phase
detection it has the characteristics
necessary to the operation of the devia-
tion indicator. This portion of the
circuit provides for deviation indiecator
flying of any preselected radial.

The TO-FROM indicator on the
Omni-Bearing Selector is an auxiliary
indicator. It indicates TO when the
aircraft is on course and headed to-
ward the station. It indicates FROM
when the aireraft is on course and
headed away from the station. It moves
to the center position when either the
reference or the variable signal falls
below a safe value.

Operation of the TO-FROM indicator
is through a phase detector which is
combined with the phase detector
operating the course needle of the
deviation indicator. In order to prop-
erly control the indicator, it is neces-

v-101 v-102 V-103 V104 V-i05 vV-108 V=107 v-108 v-109
5654/6AKS 5654/6AK5 5654/6AKS 5654/6AK5 5654/6AK5 5654 /6AKS5 5654/6AK5 56 70 5670
108-1359MC 108-1359 MC 214 MC 14 MC .2MC 3.2MC 32m 32me
VAR.
/I / FREQ. ’
AMPLR / I
o |
————— —& e —
88.5-114 5MC
! v-1i |
1 5654 /6AKS |
|
| } TO INDICATOR
| | 10 OR 20 CIRCUITS
| TENTH CRYSTALS
el I S 88.5- CEEGER] L 815-9.1 MC INTERPHONE
114.5MC
POSITIONER] +__ POSITIONER] SYSTEM
14 pOSITIONS | v-112 20 POSITIONS
; 5654 /6AKS
i
| 7 OR 14
A _/%/'CRYSTALS
7.375-9.541 MC . e oo
L 3759541 Fig. 3. Block diagram of the r.f.. i.f.. and audio circuits.
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sary to shift the phase of the variable
voltage entering this second detector
through an angle of 90 degrees. This
means that the indicator will show the
pilot which side of the station he is
on and will swing from TO (correct
reading) to FROM (incorrect reading)
if the aircraft crosses a course line 90
degrees displaced from the selected
course.

At a position due south or due north
of the station there would be no phase
difference and the resultant, fed to
the deviation indicator, would keep the
needle centered. At any other position
of the aircraft the needle would show
a deflection. If the manual phase shifter
(Omni-Bearing Selector) is manip-
ulated to bring the needle back to
zero, it will then read in degrees the
circular distance it was moved, which
is the phase difference or the azimuth
position of the aircraft. Now if the
pilot flies to keep the needle centered

he will maintain a constant phase dif-

ference and will be flying a radial to
the station.

Circuits s

Refer to the block diagram of Fig. 3.
In position one of the frequency selec-
tor, the r.f. amplifier and its tuned
circuits pass all frequencies between
108 and 110 me. A band 2 mc. wide
appears in the first frequency -con-
verter. In this position, the injection
into the first converter is exactly 88.5
me. The 88.5 me. injection frequency
can beat with anything in the 2 me.
range and produce any number of i.f.
frequencics. The following i.f. stage,
however, 's tuned exactly to a tenth
of a megacycle. If it happens to be
tuned to 19.5 for example, that will be
the strongest beat frequency passed
and for all practical purposes, the
only frequency appecaring at the con-
trol grid of the second converter. Since
the above mentioned high if. stage
tuning is ganged to the crystal selector
and the oscillator tuning is ganged to
the crystal selector, only one frequency
is injected, via the cathode, into the
second converter, namely 16.3 mc. The
difference frequency is 3.2 mec., which
is the fixed intermediate frequency.
Had the high i.f. amplifier been tuned
to any of the other frequencies pre-
sented to it by the first converter, then
the new frequency, upon entering the
second converter, would mix with a
new injection frequency to produce 3.2
me. For example, if the high i.f. am-
plifier is tuned to 19.8 me., the auto-
positioner will at the same time shift
crystals and tune the second oscillator
to 16.6 so that these are the two fre-
quencies entering the mixer. Their dif-
ference, 19.8-16.6 is 3.2, the fixed i.f.

Refer to Fig. 7. The signal from the
third fixed i.f. stage is detected in the
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right hand section of the diode-con-
nected tube Vis. The left hand section
of Vs is a d.c. amplifier for a.v.c. The
right half is used as an a.v.c. gate.

The diode load resistor for the a.v.c.
detector is Ruu. There will be no drop
across R while the input to the diode
is zero. It can be seen from an inspec-
tion of Fig. 4 that when the no-input
condition prevails, there is no potential
difference between grid and cathode
of Vs, the a.v.c. amplifier. Since there
is a positive voltage on the plate, cur-
rent will flow through R, R, R,
Ry and the tube. The current flow
through the resistor string is sufficient
to nullify the bias voltage from Vi
(connected between Rus and Rix). One
triode section of Vu. operates as an
oscillator and the other section, con-
nected as a diode, rectifies the oscillator
output. The d.c. thus obtained is applied
between R and R This action places
both cathodes of Vi above ground po-
tential. The gate section will be cut
off due its positive cathode. Hence no
signal input to the a.v.c. detector re-
sults in a closed gate.

A signal input to Vs will result in
a drop across Riu. This drop will bias
the a.v.c. amplifier, Vs, to near cut-off.
With little or no current flowing in the
resistor string, R, R, Rus, and Rus,
the bias applied from Vs becomes effec-
tive in making the cathodes of Vs nega-
tive. The gate section of Vi, now has a
negative cathode and will conduct, re-
sulting in a.v.c. output voltage which
is applied to the control grids of four
of the r.f. and i.f. amplifier tubes.

In the same schematic, Fig. 7, the
right hand section of Vi, the first audio
stage, is biased to cut-off when no
modulated signal is being received and
is allowed to conduct when the input
contains a modulated signal. The cut-
off bias is developed by the right sec-

Collins 51R v.h.f. navigational receiver.
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tion of Vie whose grid is connected to
resistor string‘ Rissy, R, R, and Rauu.
As previously explained, when there is
no signal input, the a.v.c. amplifier is
conducting and as a result there is a

Circuit of the detector, a.v.c., and audio squelch.

positive voltage developed at the junc-
tion of R and Ruix. Since Vi is con-
nected to this point, the tube is con-
ductive and its current flow develops
a voltage across R which is applied to
the grid of Vie. Being thus biased to
cut-off, Vie does not conduct when there
is no signal input. When a signal ap-
pears, the drop across Ry cuts off Vs
and with no current flowing through
R and Rus, the bias from Vi pre-
dominates at the junction of these re-
sistors. This negative voltage cuts off
Ve and with the cessation of plate
current through R, Ve is no longer
biased to cut-off.

As shown in Fig. 4, the noise limiter
is connected to the cathode of the de-
tector. The positive audio pulses thus
derived are straightened out by the
filter network through which they are
passed and applied to the diode plate
(V). This positive voltage on the
diode plate enables the tube to conduct.
Since the cathode of the diode is con-
nected to the same signal source
through Cus, tube conduction varies at
an audio rate. Any sharp noise pulse
will not appear on the plate because
of the smoothing action of the filter
but will appear as a positive pulse on
the cathode and bias the tube to cut-

Fig. 9. Resolver feed circuit with vector diagram of operation.
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off. Since recovery time is practically
instantaneous the gap thus produced
in the continuity of the audio is not
noticeable.

Refer to Fig. 5. The voltage across
terminals 4 and 6 is rectified in the
crystal diodes and appears at the load
resistors Ruws and Rue. The voltage
across the third winding is applied to
the choke in the center leg. This third
winding is series resonant at 9960
cycles with the condenser shown and
will therefore apply its maximum volt-
age across the choke when the primary
frequency is 9960 c.p.s. As shown in
vector diagram A, this voltage is 90
degrees out of phase with the voltages
appearing across the load resistors.
As the primary voltage swings to its
480 cycle maximum in one direction
this phase changes as shown in vector
diagram B. As it swings in the opposite
direction the phase of F, reverses. Since
this swing occurs at a rate of 30 e.p.s.
the demodulated 30 cycle voltage is
delivered to the output.

Instruments

The input to the indieating system
contains the reference and the variable
signals. It is the phase difference be-
tween these signals which indicates air-
craft position and which operates the
deviation indicator. In passing through
the upper branch of the diagram shown
in Fig. 6, the reference phase is re-
moved from the 10 ke. subcarrier, is
demodulated and presented to the man-
ual resolver which is part of the Omni-
Bearing Selector. This resolver, ac-
tuated by the previously mentioned
knob on the right side of the instru-
ment, reduces the phase shift between
reference and variable signals to zero
and shows in the window the angular
difference between the two voltages.

Besides going to the manual resolver,
the reference voltage is also fed to the
automatic resolver. Assume for the
moment that there is zero phase shift
(null position) through this resolver.
The resolver output following a 30
cycle filter is mixed with the variable
phase voltage and fed to a phase sensi-
tive amplifier. Under the no-phase-
difference condition there will be no
output from the amplifier and no toraue
on the servo motor. Should the aircraft
now change its position to a point
where there is a difference in phase
between reference and variable signals,
the output of the phase sensitive am-
plifier will drive the servo motor. Since
the rotor of the automatic resolver is
connected mechanically to the same
shaft as the rotor of the servo motor,
it also turns and moreover will turn
in the direction necessary to reduce the
phase angle. Obviously the motor will
stop turning when the phase angle

(Continued on page 31A)
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By
J. RACKER

Federal Telecommunication Labs.

A metal lens antenna and its
designer, Dr. Winston E. Koch of
Bell Labs. This type of antenna
has seen widespread use in
microwave rzlay systems.

i "ﬁ‘ﬁl |

A discussion of sueh factors as direetivity and gain for the three most

important microwave antenna types—parabolic, hora, and lens antennas.

HE ability to achieve a high de-

gree of dirvectivity with simple,
* inexpensive antennas is by far the
most important reason for the expanded
use of microwave equipment. The di-
rectivity or power gain that can be
attained is best illustrated by noting
that a 1 watt, 2000 megacycle system
using 10-foot parabolic antennas for
both transmitting and receiving pro-
vides equivalent service to a system
using dipole antennas and an output
of about 1,000,000 watts. Because of
this factor, it has become more econom-
ical in many areas to use radio links
for television and communication re-
laying purposes than equivalent wire-
line circuits. Furthermore it is readily
conceivable that in the future a large
portion of inter-city telephone facilities
will be effected through the use of
microwave links.

There arc many types of antennas
that have been developed, particularly
for radar applications. Most of these
are modifications of three basic types,
namely, parabolie, horn, and lens an-

OCTOBER, 1950

tennas. It is far beyond the scope of
this article to cover all of the many
types and discussion will be confined
to the three aforementioned types. In
some texts covering this subject, an-
tenna arrays are described; however,
the author has defined® the lower limit
of microwaves at 900 me., at which
frequency arrays are rarely used.
There are two terms frequently em-
ployed to describe the characteristics
of microwave antennas. One, the power
gain, determines the effectiveness of
the antenna for transmitting purposes.

Fig. 1. Electromagnetic horn.
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The power gain of a microwave antenna
1s given by:

P P
G = *I)r: 10 logm _Poi(db) - o (1)
where P is the power flow per unit

arca of the transmitted electromagnetic
wave at some distant point in the di-
rection of maximum radiation, and
P, is the power flow per unit area at
that same point which would have been
produced it all the power were radiated
equally in all divections (isotropic an-
tenna). (Note that comparison is made
with respect to isotropic rather than
dipole antenna).

The second parameter, the effective
area, is a qualitative measure of the
ability of the antenna to collect power
at the receiver. The effective area of
a receiving antenna is defined by the
following expression:

123
A_—PO, R )
where P is the received power avail-
able at the antenna terminals, and
15A
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Fig. 2. Circular parabolic antenna.

Py is the power per unit area of the
incident wave.

It can be shown that there is a con-
stant relationship between gain and
effective area of an antenna. The ratio
G/A, furthermore, is the same for all
types of antennas and is equal to:

6 _4m

a4 T

(3)

From Eqt. (3) the gain of an an-
tenna can also be defined as:

47A

Gi= Skl e (@)
A
Fig. 4. Radiation paitern of (A) isotropic
antenna and (B) directive antenna.
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Fig. 3. (A) Parabolic curve. (B} Olfset feed antenna used to minimize shadow.

(C) Matching plate for improving

It should be noted that Eqt. (3) ap-
plies only when the antenna and wave
polarizations are the same. For the case
where they are not, the gain is given by
the equation:

(5)
where a is the angle between plane of
polarization of the antenna and the in-
cident field.

Power gain is achieved because the
antenna concentrates the available en-
ergy in the desired direction rather
than radiating it omnidirectionally. This
characteristic can also be described by
the antenna “beam width” which is de-
termined from the radiation pattern of
the antenna. For an isotropic antenna
the radiation pattern would bz in the
form of a sphere, as shown in Fig. 4A,
while the pattern of a typical circular
parabolic microwave antenna would be
in the form of a cone as shown in Fig.
4B. The angle 8 of this cone at the 3 db.
points is called the beam width, while
the power gain of the antenna is pro-
portional to the area of the sphere di-
vided by the area of the cone for the
same value of B. (Some energy is lost in
side lobes not shown in Fig. 4B). Thus
it is seen that the smaller the beam
width, the higher the power gain.

Most antennas designed for miero-
wave transmission can be readily ana-
lyzed through the use of simple optical
prineciples. One such antenna, which is
the electrical counterpart of the reflec-
tor in flashlights and automobile head-
Jamps, is the parabolic antenna. Be-
cause of the simplicity of this antenna
and its adaptability to a coaxial line
feed, it is used in virtually all applica-
tions at, and below, 2000 megacveles.

Fig. 3A shows a parabolic curve,
which from geometry, can be described
by the following equation:

Ga = G cos’a

y=4F«x . . . . (6)
where F, y, and x are as defined in
Fig. 3A.

Two properties of the parabola make
it particularly useful for focusing ra-
ENGINEERING DEPT.
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impedance matching of parabola.

diant energy. First, if a spherical wave
source is placed at the focal point, any
ray initiating from the focus is reflected
in a direction parallel to the axis of
the parabola; secondly, the distance
traveled by any ray from the focus of
the parabola to a plane x, at some dis-
tance away is always the same and is
independent of the path taken. There-
fore, as shown in Fig. 8A, a plane wave-
front is transmitted with all points on
the plane at the same phase.

Fig. 5. Doublet feed antenna
system using disk reflector.
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The parabola in Fig. 3A is represented
only in the x-y plane. For most purposes
the antenna is made parabolic in the
z plane also and this antenna, shown
in Fig. 2, is known as a circular parab-
ola. For some applications, it is de-
sirable to have a wide angle in the z
plane and a narrow angle in the y plane
(Fig. 4A defines the three planes with
respect to earth) in which case the con-
figuration shown in Fig. 6, known as
a parabolic cylinder, can be used.

Conversion of the mathematical prin-
ciple shown in Fig. 3A into a practical
antenna involves a number of problems.
For one, we have assumed a point source
emitting spherical waves existing at the
focal point. This can be effected by plac-
ing an isotropic antenna at this point.
This type of antenna would illuminate
the parabola properly but, however, it
would also transmit energy outside the
parabolic surface, which would either
go into an undesired direction or be out
of phase with the plane wave reflected
from the parabola. This effect is called
“spill over”. The ideal characteristic of
the focal point source would, therefore,
be an antenna emittting a spherical
wave over the parabolic portion only
and be zero elsewhere.

In practice it is impossible to achieve
such a pattern and some compromise
between “spill-over” and uniform illu-
mination must be effected. It has been
noted empirically that best results are
obtained with a feed which has a major
radiation lobe striking the center of
the reflector, its intensity decreasing
smoothly to a value about 10 db. below
maximum in the direction of the re-
flector boundaries and remaining small
for all directions which do not strike the
parabola. This pattern also allows for
variations in space or geometric atten-
uation which oceur in different parts of
the wave front.

Another problem is physically attain-
ing a point source which, of course, is
a theoretical concept of an element
which occupies no space. Since the feed
antenna must have a finite length, its
effect on the radiation pattern must be
considered. It is obvious that the feed
antenna will absorb a certain amount
of energy at the center of the wave
front. This introduces a ‘“shadow” in
the radiation pattern. This “shadow”
can be minimized through use of an
offset feed section as shown in Fig. 3B.
This, however, decreases the gain and
increases the magnitude of the minor
lobes.

Another effect of having the feed
antenna pick up some of the reflected
energy is that a mismatch occurs in the
feed line which is constant in ampli-
tude but varies in phase as the fre-
quency is varied. This mismatech can
be compensated over a band by placing
a raised plate at the apex of the reflec-

OCTOBER, 1950

tor as indicated in Fig. 3C, but this plate
also produces a harmful effect on the
pattern. A trial and error procedure is
usually employed to effect best results
for a particular application. This is
done by making a wooden model and
spraying electrically important sur-
faces with metal. It is of course much
easier to modify wood models.

The type of feed antenna used will
depend upon the type of line used to
connect transmitter to antenna. Gen-
erally, to match to a coaxial line a half
wave doublet with a reflecting element
is used. The reflecting element can be
another doublet, a plane sheet, a half
cylinder, or a disk. The disk, shown
in Fig. 5, and the half cylinder appear
to give best operation. It should be
noted that a doublet does not have a
spherical field and hence optimum po-
larization is not obtained. This factor
limits the angle between focal point
and rim of the reflector to a maximum
of 140 degrees which is sufficient for
most commercial applications.

Above 3000 megacycles it is prac-
tical to feed the parabola with the

Fig. 6.

Cylindrical parabolic antenna.

radiation from an open-ended wave
guide. Where a circular parabola is
used, a circular TE,,, wave guide should
be used for a feed since it gives almost
ideal phase and polarization character-
istics. The aperture of this guide is
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Manufacturers of

CARBONYL IRON POWDER CORES
( THE CORE IS THE.HEART OF THE CIRCUIT )

Aladdin Radio Industries, Inc.
Chicago, lllinois

Henry L. Crowley & Company, Inc.
West Orange, New Jersey

Delco Radic Division
General Motors Corporation
Kokomo, Indiana

Lenkurt Electric Co., inc.
San Carlos, California

Magnetic Core Corporation
Ossining, New York

National Moldite Company
Hillside, New Jersey

Powdered Metal Products Corporation
of America
Franklin Park, lllinois

“Pyroferric Company
New York, New York

Radio Cores, Inc.
Oak Lawn, lllinois

RCA Victor Division
Radio Corporotion of America
Camden, New Jersey

Speer Resistor Corporation
St. Marys, Pennsylvania

Stackpole Carbon Company
St. Marys, Pennsylvania

MEMBER!

WETAL POWDER |

i ASSOCIATION |
i a‘lﬁf«é
i 7 2 w45 0 et SN
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Fig. 8. Focusing action of (A) dielec-
tric lens, and (B) metal type lens.

sometimes flared (increased in diam-
eter in the shape of a horn) to improve
directivity. Its dimensions are such as
to support the dominant mode only.

A rectangular TE.:, wave guide does
not generally give a circularly sym-
metrical radiation pattern, but is suit-
able for feeding a parabolic cylinder.
The radiation pattern of a T'E.,, feed is
approximately elliptical so that the
most efficient reflector area should be
nearly elliptical, though for mechanical
convenience it is more economical to use
a rectangular shape.

The effective area of the parabola is
a function of the type of feed used and
the shape of the reflector will there-

Fig. 11, Metal lens profile.

FOCUS

fore vary for different antennas. How-
ever, a close approximation of the ef-
fective area of most circular parab-
olas using either a doublet or wave-
guide feed is given by:

A=0647R . . . . . . .7

where R is the radius of the circle
projecting across the parabola’s rim.

The gain of this parabola, from equa-
tion (5), is equal to:

47 R X 0.64 24 4R

G: }Lz = }\2 . . (8)

This equation is plotted on the nomo-
graph shows in Fig. 7.

The beamwidth of the parabola is
given by the equation:

_ 70 _ 350
- D R

10-foot diameter parabolas are the max-
imum that are used for most commer-
cial installations because of wind load-
ing, tower rigidity requirements, etec.
At 2000 mec. ¢ for a 10 foot dish is 3.7°.

As indicated previously, an open-
ended wave guide excited at its input
by a microwave generator will radiate
energy into space. However, since the
impedance of free space is different
from that of the guide, a mismatch
will exist at the guide termination and
standing waves will be set up along the
line. Furthermore, some of the energy

[/

degrees. . . . (9)
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Fig. 10. Gain of electromagnetic horn.

will be diffracted at the opening of the
guide causing the radiated energy to
scatter and results in poor directivity.

To improve directivity and minimize
mismatch, some type of transformer
should be used between the guide and
free space. The simplest type of trans-
former that would effect this result is
a horn-shaped device, shown in Fig. 1,
which operates in a similar manner to
the exponential line described in a pre-
vious article’. The smaller the angle, g,
(Fig. 1) is made, the more gradual
the impedance transformation and the
smaller the diffraction effect, so that the
power gain is increased.

It has been found that a definite re-
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Fig. 9. Profile of “’step” metal lens.

lationship must exist between L, 4, and
B of Fig. 1 for optimum transmission.
Fig. 10 plots these three parameters
versus the gain in decibels. An approx-
imation for the gain of an electromag-
netic horn, for the case where L > g%A,
is given by the following equation:
10ab

G= e (10)

The beam width in the E plane is:

0y = ji}idegrees (11)

while the beam width in the H plane is:
_ 0 18

6n = —degrees (12)

The effective area of the horn is a
function primarily of its size. It is pos-
sible to calculate this effective area
through the use of Eqt. (3) and the
graph given in Fig. 10. A figure of
0.5(of A X B) is frequently used as a
typical value. (Continued on page S0A)

Fig. 12. Profile of path-length lens.
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EL- MENCO CAPACITQ RS Actual Size 9/32" x 1/2" x 3/16"

For Television, Radio and other Electronic

Small, high-capacity fixed mica El-Menco capacitors are made Applications.
to protect the performance of your products under severest oper- 2 mmf. — 420 mmf. cap. at 500v DCw.
ating conditions. They give long, dependable service because they 2 mmf. — 525 mmf. cap. at 300v DCw.
must meet exacting conditions of Quality Test before they can be Temp. Co-efficient 50 parts per million per
incorporated in your product. Tested at double their working dgéreecfor e o c:ciF: valves P
voltage for dielectric strength, for insulation resistance and capacity 6-dot Color Coded. pactly ’

value, El-Menco condensers can be depended upon for the utmost

in performance protection.

SPECIFY EL-MENCO -
First Choice For Long Life and Dependability

THE ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT Write on your
. firm letterhead
P ¢ B iy W@ for Catalog and Samples.

MOLDED MICA MICA TRIMMER

FOREIGN RAD!O AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR [NFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St, New York, N. Y —Sole Agent for Jobbers and Distributors in U.S. and Canada
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MEASUREMENTS
CORPORATION
Model 59

MEGACYCLE
METER

Radio’s newest, multi-purpose instrument con-
sisting of a grid-dip oscillator connected to its
power supply by a flexible cord.

Check these applications:

® For determining the resonant frequency of
tuned circuits, antennas, transmission
lines, by-pass condensers, chokes, coils.

e For measuring capacitance, inductance,
Q, mutual inductance.

® For preliminary tracking and alignment
of receivers.

® As an auxiliary signal generator; modu-
lated or unmodulated.

® For antenna tuning and transmitter neu-
tralizing, power off.

® For locating parasitic circvits and spurious

resonances.
® As a low sensitivity receiver for signal
tracing. .
SPECIFICATIONS:
TELEVISION Power Unit: 514 wide;
INTERFERENCE 68" high; 72" deep.

The Model 59 will
enable you to make
efficient traps and
filters for the elim-
ination of most TV
interference.

Write for Special
Data Sheet, 58TV1

22A

Oscillator  Unit: 334"
diameter; 2 deep.
FREQUENCY:
2.2 mc. to 400 me.;
seven plug-in coils.
MODULATION :
CW or 120 cycles; or
external.
POWER SUPPLY:

110-120 volts, 50-60
cycles; 20 watts,

MEASUREMENTS CORPORATION

BUONTON. (D) NEW JERSEY. '

CECYE S, ALLEXN has been named executive vice president
and general manager of Raytheon’s Russell Electric Com-
pany Division in Chicago. Prior to joining Russell Electric,
Mr. Allen was vice president and general manager of the
Pacific Coast Division of A. O. Swmith Corporation, Mil-
waukee for two and one-half years. For sixteen years, Mr.
Allen served in various capacities with General Electric
Company.

C. J. BIVER has been appointed commercial engineer of
the central region for General Electric’s Tube Division,
according to an announcement by E. F. Peterson, Manager
of Sales for the division. Mr. Biver, whose headquarters
will be lecated in Chicago, was application engineer for
the Tube Divisions in the central region prior to his new
appointment and was formerly commercial engineer for
the Ken-Rad Tube and Lamp Corp., at Owensboro, Ky.

JACK W. GARRISON, physicist at Armour Research
Foundation of Illinois Institute of Technology, will head
a newly organized nucleonics section in the physics depart-
ment of the Foundation. Mr. Garrison joined the Foundation
in 1943 after six years as research engineer for the U. S.
Gypsum Company. He is a graduate of Butler University.
This newly organized section at the Institute will apply
radicactive tracer techniques to research problems.

DER. KENNETH . KINGDON, formerly assistant direc-
tor of the General Electric Research Laboratory at Schenec-
tady, has been appointed technical manager of the Knolls
Atomic Power Laboratory. Dr. Kingdon, who was one of
the first scientists to isolate appreciable quantities of the
energy-releasing form of uranium U-235 from the natural
element, has been with the Research Laboratory since 1930,
and has headed its atomic power work since 1946.

KEN RANBDALL, former associate of M. J. Shapp Com-
peny, will take over representation of the Barry Corpora-
cion, Condenser Products Co., Electric Motor Corp., Cyclohm
ioter Corp., Thordarson Electric Mfg. Co., The Workshop
Associates, Inc., and Switcheraft, Inc. Mr. Randall has been
associated with Sears, Roebuck and RCA in various capac-
ities. Milton J. Shapp w.ll devote his full time as President
of the Jerrold Electronics Corporation of Philadelphia, Pa.

DE. GEORGE W. VINAL, Chief of the Electrochemistry
Section of the National Bureau of Standards, has retired
after more than forty-two years of distinguished service
to the Government. Best known for his classical book,
Storage Batteries, Dr. Vinal has contributed extensively
to scientific journals and is internationally known for his
research in the fleld of electrochemistry and the develop-
ment of the silver voltammeter and the standard cell.
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These Leaders Iook to SYLVANIA

for dependable _Z_Vil,:Plcture Tubes

STROMBERG"
CARLSON

dd/m"“" Fmerson
Television @'@ PlLﬂT SYLVANIA

teaj T Ko

FA.DA

A l’VEn hallicratters Motorota SCOTT

“Bendix DA o ntinel
Television ‘bﬂmal\ JRAV-LER

0‘qm§9‘° , Westinghouse

Lpustr
f
CONBAC Koo W5 g fnd Bell -

CROSLEY Starrtt /‘

OSna\lox P\\do stron

pEWALD

¢ T'he trade-marks shown heve identily the
television leaders now choosing and using
Sylvania TV Picture Tubes in their sets.
The reasons behind todav’s acceptance of
Sylvania tubes include greater clarity. con-
sistent color, dependability, and longer life.
Remember, vour dealers az well as sel owners
recognize Sylvania as a symbol of distinction
—a name associaled with the very finest in
radio and television.

For full descriptions and ratings of all
Sylvania TV Picture Tubes, write today to
Svlvania Eleetric Produets Inc., Dept. R-2310,
FEmporium, Pa.

SYLVANIA ¥ ELECTRIC

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS
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Shov
Bliles type X.C-7

4 POLICE
SERVICES DEMAND QUALITY!

Yes, all mobile services de-
mand dependable crystal
performance. Bliley engi-
neering skill plus craftsman-
ship throughout production
is quality. Your frequency
control will be better with
Bliley, the top choice for 20
years.

(=liles
CRYSTALS ™

BLILEY ELECTRIC COMPANY
UNION STATION BUILDING
ERIE, PENNSYLVANIA

24A

~10. $580,000,000,
- of Q§$'2 265,000

OVEN LOADING TECHNIQUE

Jesse Sherwood of the National Bu-
reau of Standards has developed a new
oven loading technique for use in the
atomic-beam clock program to over-

come the problem of the introduction
of highly reactive materials, such as
alkali metals, into the oven which acts
| as the beam source.

In the new technique, the oven used
with the atomic-beam magnetic reson-
ance apparatus is of a conventional
type, but the cesium metal is distilled
into a specially designed ampoule and
sealed off under vacuum. The ampoule
contains a well into which is inserted
a carefully lapped aluminum plug of
about 7 mm. diameter. This plug is re-
moved before filling and then set firmly
in place after sealing. When the am-
poule is heated to 80-100° C, it will
crack because of the larger thermal
expansivity of aluminum, referred to
glass.

With this new method, it is possible
to load the oven, carry out further
checks on the experimental conditions,
and pump out the system before expos-
ing the active metal.

ELECTRONIC TRAFFIC SYSTEM

The city of Denver, Colorado, has
launched a $125,000 modernization plan
of its entire downtown network of traf-
fic signals and controllers which will
employ a revolutionary combination of
fixed-time-cycle and electronic traffic
control equipment.

Initially, the installation will include
1 104 General Electric type F traffic con-
‘ trollers to be supervised electronically
| by a master cyecle selector. All con-
} troller dial units and the master selec-
I

tor will be remotely housed on a central
control panel in Denver’s City and
ENGINEERING DEPT.
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-and -
in system
*overnment

nuing..
plan heretofore in effect pro
g for the pu“chase of iy

Ja

and individually con-
controller switching
mechanisms in control boxes at 104
downtown intersections.

In this new system any cycle timing
between 40 and 125 seconds as well as
red-green light percentages will be
electronically adjusted. Every six min-
utes the electronic master selector will
add up this traffic count, compute the
proper timing cycle and red-green splits
to handle the traffic flow, and then
automatically adjust the individual con-
trollers by varying the voltage and
frequency on their synchronous drive
motor.

County building,
nected to the

NEW GAUGE MEASURES ''NOTHING"
Scientists at the Westinghouse Re-
search Laboratories, Pittsburgh; Pa.,
have revealed a new instrument called
an “ion gauge” which can detect the
presence of air in a vacuum where
only one air molecule remains out of
every 10,000 billion originally present.
This supersensitive gauge looks like
a large radio tube and behaves in a
similar manner. The gauge was de-
veloped by Robert T. Bayard, under
the supervision of Dr. Daniel Alpert,
head of the inter-atomic physics sec-
tion. Dr. Alpert explained that for

measuring
scientists use a column of mercury
whose height corresponds to the atmos-

ordinary Tlow pressures,

pheric pressure which is about 30
inches. Using the new gauge, pressures
that would raise a eolumn of mercury
only one-thousandth of a billionth of
(Continued on page 29A)
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Osciliograph Amp.
(Continued from page TA)

ing, no special precautions were taken
in the circuit to minimize drift. A regu-
lated heater voltage can be used if de-
sired. A lead from the heater trans-
former provides a convenient source of
calibrating voltage. The input leads are
shielded cable and are connected to the
amplifier through coaxial-type rclays,
which maintain the integrity of the
shielding, and make possible the con-
venient connection or disconnection of
the input. Small gaps provide protec-
tion against accidental overvoltages.
The plate circuit requires 0.5 ampere
at 125 volts direct current. A smallE
motor-generator set is the most con- |
venient source of plate voltage, since it
is independent of line-voltage fluctua-
tions and ean carry a number of am-
plifiers without overload.

Preparatory to operation, the ampli-
fier is balanced and the gain adjusted
for a satisfactory oscillograph deflec-
tion. With the balance meter (see Fig.
1A) in the cirecuit, the variable resistor
in the cathode circuit of the first stage
is adjusted to give a zero reading. Then,
with the oscillograph in the circuit, the
input-voltage dividers are adjusted to
give the required deflection.

This amplifier, with its double-input
feature, is particularly useful in line-
dropping tests, in which the voltage
across the terminals of a circuit breaker
is to be measured. For example, in the
circuit of Fig. 1B, the voltage across
the breaker on opening is required. The
double input permits the voltage across
the two capacitance dividers to be meas-
ured with the amplifier, power supply,
and oscillograph grounded. If a single-
input amplifier were used, all apparatus |
would have to be insulated from ground,
which is inconvenient and can lead tol
measurement errors.

The relays on the 'amplifier chassis
are a convenience in tests of this type.
By opening the circuit to one divider
the gain can be adjusted for proper de-
flection. Furthermore, the relays make
possible rapid disconnection of the am-
plifier if draining of the voltage divider
must be avoided.

The measuring circuits ahead of the
amplifier must be arranged so that the
signal appearing at the amplifier input
is faithful to the original voltage. These
circuits will depend on the particular
measurement required, and are a sepa-
rate problem in themselves.

Although the amplifier is not on the
market, it consists of standard com-
ponents available from radio parts sup-
pliers, and can be assembled by any
competent meter shop. The cost is so
small that practically any job that can
use such a device warrants its con-
struction. —®a
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St the 1 Precision Coil Bobhins

with Anchored Flanges
that can’'t come loose!

Flanges are securely locked in place on a
plastic-coated core to assure coils wound
to closer tolerances and fewer re-
jects. Flange cannot slide to allow
crowding of turns, and wire can-
not slip off coil form. Insulation
is improved. Bobbins made any
shape—round, square, rectangu-
lar—any size, of finest dielectric
Kraft, fish paper, cellulose ace-
tate, or combinations. low die
costs cut unit prices surprisingly.

Let us make up a free sample for
you! Write today for full information.

2063 W. Charleston St., Chicago 47, Il
PLANT No. 2: 79 Chapel St., Hartford, Conn.
Also manufacturers of dielectric paper tubes

P|unn-|ng'ElE_CTRON|-C- EQUIPMENT ?
Investigate the ECONOMIES
of PAR-METAL HOUSINGS !

We manufacture Metal Housings for every pur-
pose — from a small receiver to a deluxe broad-
cast transmitter. And the cost is low!

Because we specialize in the Elec-
tronics field, Par-Metal Products
excel in functional streamlined
design, rugged construction,
beautiful finish, and economy.

Remember, Par-Metal
equipment is made by

electronic specialists, 5

not just a sheet metal

shop. \

PRR-METAL

PRODUCTS CORPORATION

3262 — 49th ST., LONG ISLAND CITY 3, N. V.
Export Dept.: Rocke International Corp.
13 East 40 Street, New York 16, N. Y.
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e

WRITE FOR CATALOG !
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TV POWER SUPPLIES
General Electric Company, Syracuse,
Y., has announced two new reg-

N.
ulated power supplies for television
station applications. Both units, types

M‘ﬂm ; i . = » ‘
TP-12-A and TP-13-A, feature single-
phase input, high current capabilities
and low ripple.

The TP-12-A can supply 300 to 900
milliamperes at 275 to 300 volts with
a maximum ripple of less than 0.01

volts peak-to-peak. The TP-13-A can
supply 0 to 300 milliamperes at 275
to 400 volts with a maximum ripple
of less than 0.05 volts peak-to-peak.

Further information on these power
supplies is available from the GE Com-
mercial Equipment Division at Elec-
tronics Park, Syracuse, N. Y.

LABORATORY MONITOR

Model 1615 Radiation Sentinel lab-
oratory monitor for alpha-beta-gamma
detection announced by Nuclear Instru-
ment and Chemical Corp., 229 West Erie
St., Chicago 10, IIl, may be used for
checking clothing, benches, glassware,
and hands or fingertips for contamina-
tion, or for continuous monitoring of
background air contamination or iso-
tope decay.

This model may also be used to count
samples with activities between 100 and

50,000 counts per minute where ac-
curacy of measurement need not be
better than 39% standard error. A
choice of five different ranges, from 500

to 50,000 counts per minute full scale,
is provided. A chart recorder may be
attached for maintaining a permanent
written record.

FREQUENCY METER

Now available from Gertsch Prod-
ucts, Inc., Los Angeles 25, California, is
its new FM-1 v.h.f. frequency meter
which reads the frequencies direct. The
range is from 20 to 480 me.

It is guaranteed to be accurate to
within .005% in the temperature range
of 32° to 120° F., and operates from
dry batteries or from a regulated labo-
ratory power supply. Provision is made
to modulate the carrier approximately
30% at 1000 cycles.

Spiral
Wound

ANY

SQUARE
RECTANGULAR
TRIANGULAR
HALF-ROUND

It pays to check your requirements with
PARAMOUNT. .. because you benefit
from PARAMOUNT’S coil-proved design
and construction—vast range of stock
arbors—wide experience in engineering
special tubes! Hi-Dielectric. Hi-Strength.
Kraft, Fish Paper, Red Rope, or any com-
bination wound on automatic machines.
Tolerances + .002".

ALSO: Shellac-Bound Kraft paper tubing.
Heated shellac forms an adhesive bond
between the laminations. Absolutely mois-
ture resistant.

Paramount
PAPER TUBE CORP.

613 Lafayette St., Fort Wayne, Ind.
Mfrs.of Paper Tubingfor the Electrical Industry
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2000-MPH TIMING EQUIPMENT

The Temporal Sequence system an-
nounced by Beckman & Whitley, Inc.,
914 San Carlos Ave., San Carlos, Cali-
fornia, is based on slit-type camera
techniques which can record and mea-
sure velocity and acceleration of objects
moving at 2000 m.p.h. in a single
optical image.

To measure optical events, a slit
camera records time sequence past or

£

=i

- L]
VImRC I,

i)

within a vertical plane passing through
the optical axis of the lens. Besides
[photographing the event, this equip-
ment automatically records, on the
| same film, electronically-timed numbers
showing elapsed seconds and hun-
| dredths with interniediate pips spaced
| at thousandths of a second. DA
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4 CLUTCH HEAD Zuuctes Comparison i1
Wett, BLL Other Secrews... |

. » « RECESSED HEADS AS WELL AS SLOTTED

It is generally conceded that recessed head screws have outmoded the
use of slotted head screws on modern assembly lines. For that reason,
CLUTCH HEAD user quotations . . . recording production increases rang-
ing from 15% to 50% . . . are based on comparison with other types of
recessed head screws.

T—

mamin oot ia: i

Only Clutch Head provides Center-Pivot entry for safe automatic straight driving.
Only Clutch Head has non-tapered driving to eliminate the skid hazard of “ride-out.”
Only Clutch Head offers this all-square driving contact as a safety factor.

Only Clutch Head eliminates the fatigue of end pressure for easier, faster driving.

Only Clutch Head has the Lock-On which permits one-handed driving from any angle.
{ Only Clutch Head delivers Bit durability that drives up to 214,000 screws, non-stop.

| Only Clutch Head has a recess basically designed for common screwdriver operation.

it i

P——

g
|

America’s Most Modern at your own desk. Your
Screw invites you to make request will bring you, by
your own comparison . ., to mail, package assortment
- evaluate these exclusive of screws, sample Type “A”
N CLUTCH HEAD features,..right Bit, and Illustrated Brochure.

UNITED SCREW AND BOLT CORPORATION

CLEVELAND 2 CHICAGO. 8 NEW YORK 7
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Work-=Coils

(Continued from page 6A)
a straight conductor parallel to a plate
of conducting material. A sectional view
of this arrangement is shown in Fig. 9,
where the radius of the cylindrical con-
ductor is @ with its center at a distance
h away from the conducting plate.
Considering the X and Y axes in the
plane of the figure and the Z axis
perpendicular to the plane of the figure,
the numerical values of (16) and (17)
are zero while that of (18) becomes

IN/1— (a/R)?
ThI1 — (a/h)* + (y/R)*].  (19)
The series of graphs of Eqt. (19)
shown in Fig. 11 indicate the distri-
bution of H; on a conducting surface
for different values of the ratio a/h.

With the aid of Eqts. (10) and (11)
the formulas for P, and for P. are
caleulated for the metallic load and
the current carrying conductor.

The ratio of P./P. then provides a
simple means for obtaining the coupling
efficiency for this arrangement. This
efficiency as expressed by Eqt. (12) is:

Hz =

1
WZW. 2w A @a (20)
S bl
and is illustrated in Fig. 13 for differ-
ent conductor spacings. Although these
results are based upon a single cy-
lindrical conductor in the vicinity of a
metallic sheet as a load, they are very
indicative of expected results for more
complicated arrangements. When the
conductor and the metallic sheet are
made of the same material, the quantity
under the radieal sign in Eqt. (20) is
unity, and the maximum coupling effi-
ciency will exist when the ratio h/a is
also unity. Since the ratio h/a cannot
be less than unity and mav increase
to any value, the graph in Fig. 13 has
been plotted with the ratio a/k as the
abscissa. All physically possible values
for a/h lie between zero and unity and
provide a condensed coordinate system.

Fig. 17. Curren! concentrator ar-
rangement for soldering or bray-
ing four joints simullaneously.

The operation and performance of a
single conductor in the vicinity of a
conducting sheet has been presented
by Eqts. (19) and (20) and Figs. 9, 11,
and 13. These formulas and graphs are
of value as they are, but in order to
have a more complete point-of-view of
this subject, similar but supplementary
formulas should be included for two
and three conductors. This becomes
more evident when it is realized that
two and three turn work-coils are
frequently wused in conjunction with
current transformers. To modify the
formulas of a single conductor arrange-
ment, consider the conductor location
in Figs. 14A and B. By noting that
there are two conductors in Fig. 14A
and three.in Fig. 14B, and applying
Eqt. (19), with @ equal to zero, to
each conductor, the current distribu-
tion in the load is plotted in Figs. 15
and 12. It is quite obvious that the
current distribution in the load is not

°f = fo

O i

1 k. j ® %- WORK g
(A) : 8}

Fig. 16. (&) Basic schematic arrangement of
induced-current concentrator. (B) Arrange-
ment of current concenirator and work.

flat for one, two or three conductors
but peaked and therefore will give
temperature striations when very short
heating cycles are used. This effect be-
comes less pronounced for smaller
values of the ratio a/h.

In order to illustrate the practical
application of Eqts. (16), (17), and
(18), consider a work-coil satisfying
the plane-curve of a Spiral of Archi-
medes. This coil will lie in a plane and
will produce an axial magnetic field.
If we consider the coil to lie in the
x-y plane with the origin of the co-
ordinate system coinciding with the
center of the coil, the magnetic inten-
sity produced by this coil will lie en-
tirely along the z-axis.

By applying Egts. (18), (17), and
(18) to the current carrying coil in
the shape of this spiral, a set of equa-
tions is obtained in terms of the rec-
tangular coordinate system. Since it is
much more convenient to express these
equations for the spiral in terms of
polar coordinates, let (», 6) be the polar
coordinates of a point (X,Y) on the
two dimensional spiral. The general
form of the polar equation is :

A= f (9) (21)
where ¢ is the curve parameter. The
transforming equations which trans-
form from the rectangular system to

ENGINEERING DEPT.
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the polar system of coordinates, when
substituted in Eqt. (9), yield equations
in the form of (16), (17), and (18).
In this particular application, Hx and
Hy are zero while the magnetic field
intensity along the Z-axis is:

[ de
= :fao £(8)

For the spiral under consideration, the
evaluation of Eqt. (22) is direct and
yields:

(22)

H; = 27n logs 7./7, (23)

Since the power delivered to a load
varies as the square of H; for the
spiral type of coil, it is quite evident
that it is necessary to make the number
of turns % as large as size permits
and Vo as small as possible. A coil of
this type but with a curved surface
is very well exemplified in Fig. 3 and
provides a work-coil with a very strong
magnetic fleld in the direction parallel
to its axis.

In order to concentrate the induced
currents to the desired regions of heat
treating, Babat and Losinsky have de-
veloped the concept of the eddy-current
concentrator. Their basic jdea is to
arrange the work-coil in such a manner
that its surface is type zero from a
topological standpoint. Schematically
we may refer to the diagram in Fig.
16A which shows the path of the tank,
work-coil and work-currents with the
aid of arrows. A sectional drawing of
the primary coil and special work-coil
concentrator is shown in Fig. 16B with
the heated regions indicated. Although
the same fundamental laws of design
of work-coils apply to the current-
concentrator type, under certain kinds
of loads, this type accomplishes its
purpose with greater ease.

Another example of the current-
concentrator principle is that shown in
Fig. 17, where four lugs are being
brazed to a cap by means of a single-
turn coil. The outer portion of the
work-coil is identified by the letter M
and carries the work-coil current. The
concentrator, which is cut to fit around
the lugs, is marked N.

Thus we have seen, from the fore-
going discussion, that the design of
work-coils for induction heating is best
accomplished by combining the mathe-
matical approach with that of the
experimental. Rither method alone is
quite unsatisfactory and time consum-
ing. It is important to realize this
when designing work-coils and by care-
fully applying the theory and selecting
critical coil parameters, the final de-
sign may be achieved in a few experi-
mental steps.

The author desires to express his
appreciation to the Induction Heating
Corporation for the accompanying
work-coil photographs. B
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“DISSOCIATION ENERGIES” by
A. G. Gaydon, D.Se¢. (London). Pub-
lished by Dover Publications, Inc., 1780
Broadway, New York 19, N. Y. 239
pages. $3.95.

In this clearly written and illustrated
text Dr. Gaydon has attempted to clarify
the inconsistencies and unsolved prob-
lems which exist i‘n present literature
on dissociation energies. The results of
recent research in the field are here re-
corded and analyzed, and the author has
included a discussion of part of the
theory of molecular spectroscopy be-
cause of the importance of accurate de-
termination of the values of the disso-
ciation energies of diatomic molecules.

There are chapters on the determina-
tion of dissociation energies by thermal
methods and by controlled electron im-
pact, although the approach is chiefly
from a spectroscopic standpoint. Nu-
merical data for about 250 diatomie mol-
ecules, together with the values which
the author believes are most likely to be
correct, are also included in this book.

“ELECTROMAGNETIC THEO-
RY™ by Oliver Heaviside. Published by
Dover Publications, Ine., 1780 Broad-
way, New York 19, N. Y. 386 pages.
$7.50.

To celebrate the centennial anniver-
sary of Oliver Heaviside’s birth, Dover
Publications, Inc., has published this
new edition of his well-known, uncon-
ventional examination of nineteenth
century electrophysies.

This interesting book is an un-
abridged edition of volumes 1, 2, and
3 which were originally published be-
tween 1891 and 1912. Everything re-
lating to electrical induction—the
energy of electric currents, the forces
and fluxes of energy in the electro-
magnetic field, ete—has been worked
out by the author in careful detail.
Subjects include Maxwell’s theory,
eolotropic relations, the electrostatic
stress in air, Lagrange’s equations,
scientific limitations on human knowl-
edge, and over 500 other topics.

Although the author offers no up-to-
the-minute treatise on communication
theory, nuclear fission or electronics,
readers will find that Heaviside’s genius
for instilling into his writings the
flavor of his own personality malkes
this book one of the most popular and
readable works in applied science.

A critical and historical introduction
by Ernst Weber, Director, Microwave
Research Institute, Polytechnic Insti-
tute of Brooklyn was prepared espe-
cially for this edition.

—~ @
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News Briefs

(Continued from page 24A)

an inch can be detected and measured.
Although the gauge was developed

specifically to aid Dr. Alpert in the

study of the behavior of atoms, elec-

tronics, and radiation in gas-filled tubes,

it is expected that the instrument will

find widespread use in other fields.

PRODUCTION OF TEFLON

A new unit of the Du Pont Com-
pany’s plasties plant near Parkersburg,
W. Va., has gone into commercial pro-
duction of Teflon tetrafluoroethylene
resin. This unit makes available to the
chemical and electrical industries and
other users of Teflon a productive
capacity several times that of the plant
at Arlington, N. J., where manufacture
of the material in relatively small com-
mercial quantities was started in 1943.
This completes the first expansion
started at the Parksburg plant less
than two years ago with the commercial
manufacture of nylon molding powder,
tapered bristles, ete.

For the next few months the unit will
produce granular Teflon only. Further
expansion is under way for the manu-

| facture of the new Teflon Suspensoid.

B

Flueorescence

(Continued from page 10A)
sub-assemblies are by plug and socket
or, in the case of the swiveling knuckle
joint, by slip rings. Power is supplied
by two size D flashlight dry cells which
give an operating life of about 12 hours
on a 50 per-cent duty cycle.

For the ultraviolet examination of
large areas, where light levels are rea-
sonably low, the dark-chamber is re-
moved and the handle with generator
and filter unit attached, can be used as
a wand in the manner of an ultraviolet
“flashlight”. This method is useful in
checking for rodent or insect infesta-
tions in food warehouses, identification
of persons marked with fluorescent
tracing powders, and such techniques.

A circuit of the unit is provided in

Fig. 3. Circuit of Fluoretor

LOW PRESSURE COLD-CATHODE MECURY VAPOR
DISCHARGE TUBE (CORNING VYCOR GLASS)

350V. R.M.S

2.9V

FLASHLIGHT CELLS

0,

VIBRATOR

VOLTAGE
STEP-UP
TRANSFORMER
OPERATE
PUSH
BUTTON
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Fig. 3. A modified 2-volt vibrator inter-
rupter is driven by the dry cells through
a series resistor which limits current.
Approximately 2.9 volts is developed
across each half of the primary wind-
ing. The turns ratio of the power trans-
former is such as to supply 350 volts
r.m.s. across the terminals of the light
source. This is a specially-made low-
pressure cold-cathode mercury-vapor
discharge tube wound in a flat spiral
with approximately 1% in. outside di-
ameter. Corning Vycor brand glass is
used. This lamp produces 93 per cent
of its output in the spectral band at
2537 Angstroms. No radiation is emitted
below 2000 A., thus no ozone is produced
to interfere with passage of ultraviolet
or cause other possible undesirable
effects. O

ZOPHAR

WAXES

% COMPOUNDS
ys»m:% an d

- - EMULSIONS

FOR
INSULATING and WATERPROOFING
of ELECTRICAL and
RADIO COMPONENTS

Also for
CONTAINERS and PAPER
IMPREGNATION

°
FUNGUS RESISTANT WAXES
°

ZOPHAR WAXES and COMPOUNDS
Meet all army and navy
specifications if required

Inquiries Invited

ZOPHAR MILLS, nc

FOUNDED 1846
122 —26th ST., BROOKLYN, N. Y.

HAVE YOU A JOB FOR A
TRAINED TECHNICIAN?

We have a number of alert young men
who have completed intensive training
in Radio and Television Repairing. They
learned their trades thoroughly by work-
ing on actual equipment under personal,
expert supervision.

If you need a trained man, we invite
you to write for an outline of our course,
and for a prospectus of the graduate. No
fees, of course. Address:

Placement Manager, Dept. P-106-10
COMMERCIAL TRADES INSTITUTE
Chicago 26

1400 Greenleaf
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Microwave Antennas
(Continued from page 20A)

The horn, which is similar in many
respects to the acoustical horn, finds its
widest application as a feed for either
a parabolic or lens antenna at fre-
quencies where wave-guide transmis-
sion lines are used.

Lens Antennas

Anotlier optical device that ecan fune-
tion as an antenna is the lens, which
performs in a manner similar to that
of the parabolic reflector in that it
transforms a spherical wave into a uni-
phase wave at the aperture of the lens.

As in the case of the optical lens, the
focusing action depends upon a change
in phase velocity of the spherical wave
as it goes from one medium to another.
The lens may take two forms; the di-
electric type, shown in Fig. 8A, in
which the velocity of the wave is de-
creased by the medium or dielectric, or
the metal type, shown in Fig. 8B, in
which the phase velocity is increased
in the medium, the medium being com-
prised of a series of parallel plates.

It can be shown that when a electro-
magnetic wave is confined between con-
ducting plates which are parallel to the
electric vector and spaced apart a dis-
tance greater than one half wavelength,
its phase velocity is greater than its
free space velocity. When the plates
are separated by air, the effective index
of refraction is equal to®:

N=+vV1—( 12\’ A

(22) e>%

where ¢ is the spacing between the con-
ducting plates.

The profile of a metal lens is shown in

Fig. 11. The curvature of this lens can

be determined from the following equa-

tion:
(1—N?) «*~2(1—N) fet+y*=0 .

(13)

Fig. 15. Dielectric eifect achieved by (A)
slanting plates and (B) serpentine plates.

.(14)°
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This is the equation of an ellipse hav-
ing a radius of curvature, at y = 0, of :

r=7(1—N) . (15)

A lens of this type would have con-
siderable thickness at the top and bot-
tom. It is possible to reduce this thick-
ness through the use of a system of
steps, shown in Fig. 13, in which the
thickness of each step is equal to:

A

t=4"x

(16)

‘Fig. 9 shows the equations of the curves

for the successive steps.

The dielectric type of lens can be ob-
tained by using slanted or serpentine
conductors, as shown in Fig. 15, so that
it will take the waves a longer period
of time to traverse the distance involved
because of the longer path taken. The

J—REFLECTORS—\
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Fig. 14. System of reflectors used
to minimize transmission line losses.

index of refraction for this type of lens
is equal to®:

1
N= oS 6 for slanted type (17)
N = ifOr serpentine type (18)

L

and the equation of the curve shown in
Fig. 12A is:

(N*—1) &*+-2fx (N—1) —y*=0 (19)

This lens has the advantage over the
previously described metallic lens in
that it provides broader bandwidth,
greater simplicity, and less severe tol-
erances.

Use of Antennas
as Transmission Lines

For installations where long lengths
of transmission line are required to
reach the antenna, a serious problem
of excessive attenuation and expense
is involved. For these cases a system of
reflectors, shown in Fig. 14, in which
the antenna is placed on the ground and
beamed toward a reflector which in
turn directs the wave in the desired di-
rection, can be employed. Usually the
antenna beam is perpendicular to the
ground, and the reflector is at a 45
degree angle.

ENGINEERING DEPT.
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Fig. 13. Parameters for calculating
the power reflected from a reflector.

Simple geometry can be used to de-
termine the per-cent of power that is re-
flected by the reflector. The reflected
power is equal to the ratio between the
projected area of the reflector divided
by the area of the beam at the reflector
point. Referring to Fig. 18A, the power
reflected becomes:

—_— Db .
R—(m)

where D, and D, are the diameters of
the projected reflector and the beam
respectively. It should be noted, of
course, that P. cannot be greater than
1, hence Eqt. (20) holds only forD,<D,.

Another factor that should be re-
membered is that the antenna does not
act as a point source but generates a
wave of finite length equal to the effec-
tive area of the antenna. This area
projects in the direction of the major
lobe until the projected line crosses the
theoretical beam line as shown in Fig.
138B. '

The length, L, in this figure is, from
geometry, equal to:

De!!
2

with 6, the beamwidth, in radians.
For a parabolic antenna with an ef-
fective area of 0.64, or an effective
diameter of 0.8, Eqt. (21), using the
value of 6 given in Eqt. (9) converted
to radians, becomes:
I = 08D _ 0.8D D
- 6 70 h T 15k
573 D
A very recent development in the
transmission line art that shows great
promise for the future is the surface

(20)

L9:Dgyf,‘L: (21)

(22)

Fig. 16. Schematic sketch of a
surface wave transmission line.

I»Zl' ! 120"

T
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W_L ~Tom
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wave transmission line. This line, also
known as the G-String and G-Line, is
still in the experimental stage but pub-
lished results™ indicate a very great
improvement in attenuation can be
achieved. For example, for the 120 foot
line shown in Fig. 16, the measured at-
tenuation was 2.2 db. at 1600 mec.; 2.3
db. at 3300 mec.; and 4.5 db. at 4500 mec.
This compares very favorably with an
equivalent length of RG-8/U cable
which has an attenuation of 13 db. at
1600 me.; 22 db. at 3300 db.; and 30 db.
at 4500 me.

This line utilizes an entirely new
principle in microwave transmission
line design in that the electromagnetic
energy is not transmitted via a guided
radiated wave, but is confined within the
surface of the transmission line. It can
be shown that if a TEM wave can be
generated with a z component, it will
not radiate into space, but will be con-
fined within the surface of the wire.

The author is grateful to Mr. A. G.
Clavier, Federal Telecommunication
Labs., for his permission to use his
nomograph of parabolic antenna gain.
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Length Microwave

Bell

The following information is pub-
lished in order to clarify a mis-
understanding created by the pub-
lication of Dr. Georg Goubauw’s talk
on “Surface Wave Transmission
Line” in the May 1950 issue of
this magazine.

It should have been indicated
that this material was the tran-
script of a talk given by Dr. Goubau
at the Annual IRE Convention in
New York City on March 8, 1950
and not a special article written by
him for this magazine.
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Radio Navigation
(Continued from page 14A)
reaches zero for then the output of the
phase sensitive amplifier will be zero.
It follows that the card will indicate
phase angle and therefore bearing,
hence the name Omni-Bearing Indicator.

Fig. 2 shows a simplified form of
a resolver circuit. The grids of the
tubes are fed 30 cycle signals 90 de-
grees displaced from each other. The
resolver or phase shifter stator coils,
being in series with the comparatively
large resistors in the cathode circuits,
carry constant currents. By virtue of
the construction of these coils coupled
with the fact that they are fed out of
phase currents, they produce a rotating
field. For each mechanical degree
through which the resolver is turned
there will be a phase displacement of
1° in the induced rotor voltage.

The 30 cycle signal developed in the

FROM ROTOR OF
DIFFERENTIAL SELSYN

Ll
X

TO STATOR OF
DIFFERENTIAL SELSYN

it |

AMP,

SERVO

MOTOR-\
ROTOR

With GCA (Ground Control Ap-
proach) and Teleran already accepted,
and other developments rapidly coming
to the fore, it appears that full auto-
matic flight control is no longer just
a dream of the future.
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“Distance Measuring FEquipment and Offset
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FLUX SERVO
GATE AMP.
Fig. 10. Automatic circuits. Differ-

ential selsyn is shown in Fig. 6.

discriminator as described previously
is fed to a phase splitting network
ahead of Vs and Vue as shown in Fig.
9. The purpose of this network is to
supply the four grids with voltages 90
degrees separated from each other.
The two resolvers shown symbolize the
ones in the pilot’s Omni-Bearing Selec-
tor and in the Omni-Bearing Indicator
in the accessory unit.

From the output of the auto re-

‘solver the reference signal, after some

further mistreatment, arrives at the
primary of 7T.s whose secondary ap-
pears in Fig. 8 Our variable signal
shows up in the primary of Teu. Opera-
tion of the deviation indicator from
these two secondaries can easily be
deduced from observation of Fig. 8.
Three phase voltage containing direc-
tion information from the flux gate
(gyrosyn compass) appears in the
stator of the RMI card drive motor as
shown in Fig. 10. Direction information
is contained in the amplitude relation-
ship of the three phases. Voltage in-
duced in the rotor is amplified in a
servo amplifier whose output drives a
servo motor on the same shaft and
this positions the rotor to null with
the stator. The compass card on this
shaft then reads magnetic heading.

ENGINEERING DEPT.
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Save On

TRANSMITTING
TUBES

NATIONALLY KNOWN
TUBE MANUFACTURER
NEW, BOXED
l FACTORY PRE-TESTED
and GUARANTEED

IMMEDIATE DELIVERY

10% Discount on Orders Over $500

807 ...........5$1.49

24G ....$ .25 332 .$14.50
HF60 ... 2.65 333 .... 16.25
111H ... 5.45 343A ...115.00
ZB120 4.50 450TH .. 19.95
HF130 6.25 450TL ... 30.00
HF140 .. 5.50 468 .... 8.50
HF150 .. 6.25 520MT .. 67.50
HF175 7.25 562A ... 85.00
HF200 .. 9.00 830 .... 275
HF201A . 9.00 846 ....100.00
204A ... 40.00 849 .... 15.00
212E 32.50 849A ... 17.50
228A ...100.00 849H ... 45.00
232CH ..100.00 858 ....180.00
242C ... 4.50 859 ....175.00
249C ... 1.35 869B ... 17.95
HF250 .. 10.00 872A ... 1.19
267B ... 8.95 889A ... 67.50
270A ... 45.00 891 .... 80.00
HF300 .. 14,95 891R ...115.00
304B ... 4.50 1652 ...115.00
331 4.50 8011 ...._ .85

GET SOLO’S PRICES ON OTHER TUBES
BEFORE BUYING

ALL PRICES F.O.B. N. Y, MINIMUM ORDER $5

20% Deposit (Check or Money Order)
Balance Sent C. O.D.

Rated Companies—Send Purchase Order
Cash for your Surplus Inventories

s o I- ELECTRONICS

SALES CORP.
168 Washington St.

DEPT. A
New York 6, N. Y.
Phone WOrth 2-1042-3

31A
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OFF-RESONANCE RESPONSE-LARGE DEVIATION

CHESTER W. YOUNG, Senior Electronic Eng.. Consolidated Vuliee Aircraft Corp.

THIS nomograph is an aid in finding the response of Align resonant frequency f, with desired frequency &f
a circuit to a given frequency which is greater than to give 8. On left-hand side, align 8 with @ to give re-
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My Famous Training System Prepares
You in Double-Quick Time for a Good
Job or Your Own Profitable Radio-
Television Business

Radio-Television is ncw America’s greatest opportunity field!
Trained men are needed to till good jobs and handle profitable
Radio-Television Service work. I have trained hundreds of
men for success in Radio-Television—and I stand ready to
"Train you too, even if you have no previous experience. My
training is 1009 practical—designed to give you the knowl-
edge and experience you need to make money in Radio-Televi-
sion in the shortest possible time. I Train you with up-to-the-
second revised lessons—PLUS many big kits of Radio-Televi-
sion equipment. You actually do over 300 demonstrations, ex-
periments and construction projects. In addition, you build a
powerful 6-tube 2-band radio, a multi-range test meter and a
complete Television receiver! All equipment is YOULS TO KEEP.

EASY TO MAKE EXTRA MONEY WHILE YOU LEARN

You do all your training with me AT HOME in spare hours. Keep right on
with your present job and ineome while learning—and earn extra cash be-
sides! The day you enroll I begin sending you plans and ideas for doing
profitable spare-time Radio-TV work. Many of my Sprayberry students pay
for their entire training this way! You get priceless experience and many
plans for making extra money. You build all your own Radio-TV Test
Iquipment from parts I send you—nothing else to buy. Just one more rea-
A son why I believe I offer the ambitious man the biggest value in top notch
‘*‘\ Radio-TV Training available anywhere in America today.

=\ Be Ready for Top-Paying Radio-Television Jobs

i Radio-Television is growing with amazing speed. 3More than 2000 Radio
broadeasting stations PLUS an additional 102 Television stations are now
on the air. Radio sets and TV receivers are being made and sold in record-
breaking numbers. If you enjoy working with your hands . . . if you like to
do interesting and varied work . . . if you really want to make good money

& . and work in an industry that has a future . . . YOU BELONG IN RADIO-

q TELEVISION. But you MUST have good Training to ‘‘cash in”’ . . . the

kind of Training that starts you out with basie fundamentals and carries
you right through every circuit and problem of Radio-Television Servicing

! »wﬁ and Repair. In a word . . . that’s Sprayberry Training . . . the ecourse
| e \ = ! backed by more than 20 years of association with the Radio-Television
Pe-U M % i L ok 4 industry !

3 BIG RADIG-
TELEVISION BOOKS

1 want you to have ALL the facts about my eom-
plete system of Radio-Television Training! Aet
now ! Rush the coupon for my threce big Radio-
Television books: ‘“How to Make Money in Ra-
dio-Television,”” PLUS my new illustrated Tele-
vision Bulletin PLUS an actual sanple Spray-
berry Lesson—all FREE with my compliments.
- No obligation and no salesman will call on
2 you. Send the coupon in an envelope or
paste on back of post card. I will rush all
three books at once!

Sprayberry Academy of Radlo, Dept. 25-0

i 111 North Canal St. Chicago 6, .
k.

e e |
S 4 SPRAYBERRY ACADEMY OF RADIO, Dept. 25-0 |
111 North Canal-St., Chicago 6, Hti. " i

rush to me all information on your Kadio-Television
Ll - { o Eiﬁﬁng Plan. 1 understand this does not obligate me and |
e . i / that no salesman will call upon me. . 1
\; e ?‘w 9 ]

R¢ TR 555006 COHIBGET 00 15 Bt s F o g, s e Agel LpW
ok DU¢ ' :
4 . Address e kg wr e bt e FESTEoN
3 D OBLIGATIO ; i
0 dale 3 City . oo, B R e e Zone...., State......... oy ‘
9 [ Please Check Below About Your Experience |

[J-Are You Experienecd? 1 No HKxperlence

— e o i i e i . i i i s i, s Sl

October, 19350 19
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CONSOLES and
B COMPLETE CHASSIS
N Fativeing tie NEW MAMMOTH

19Y:-Inch

BLACK PICTURE- TUBE
N At Low Factory Prices

DIRECT.

FROM®
Never before have you seen

such tremendously BIG clear s : ’ i e FACTORY |
. , . b 4 1 EAV 2
!;ndures such IUX}IYIOUS ca - ; TO YOU

S4ﬂ95 will Put This Luxurious
DOWN New 1951
MID_WEST“V DEO GRAND"

19)/,-Inch TELEVISION

= Line of 192" and
& 162" TV Consoles,
with. AM-FM RADIO and 3-Speed -
Automatic Intermlx Phonogruph

. TV - Radio - Phono
Combinations and
complete TV Chassis.

“"CONSTELLATION
19, Television Console

“VIDEQ GRAND™
Television-Radio-Phonograph Console

191,"

Check these features:
Mammoth 19V2-Inch Pic~
ture Tube (225 sq. in.
image); Synchronized
sound and picture; Sim-
plified One-Knob Tuning;
Big 12" Panasonic Speak-
er; Video-Sonic Tuner;
and scores of other fea-
tures.

i

.w'ﬂ

o 19'/7 Television Chassis and Speaker 'n YOI” Own Home 0"

Faciory Authonzed Servnce Avadilable 30 DAYS TRIAL
. i . | 'You Must Be Satisfied or Your
MIDWE S*“I' sehes 16 Rs.A D=_I, Q S

MONEY BACK
In Beautiful Consoles and Complete -Chassis

THMIDWEST

An entirely new line fea-
turing the powerful Se-
ries 16 AM-FM Five-
Band Radio Chassis and
the magnificent Sym-
phony Grand Radio-Pha-
nograph with 3-Speed “ 1
Avtomatic Intermix Rec- i : % L) LEASE [
ord Player. . i & PRINI) ON CQUPON OR 'Ic POS CARD:

=MIDWEST RADIO & TELEVISION CORP.
@ Dept. 37C, 909 BROADWAY e CINCINNATI 2, OHIO
Please send me your new FREE 1951 Catalog.

a N T 5 W TS O D RA RS D &

ZONE____STATE

h-----------------------------.---ﬂ

'DEPT. 37C, 909 BROADWAY, CINCINNATI 2, OHIO

20 RADIO & TELEVISION NEWS
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FOR THE BEST IN TEST EQUIPMENT
... SEE SYLVANIA

Sylvania TV Sweep

Signal Generator

(Type 500)

A compact, efficient instrus
ment equipped with electron-
ically controlled sweep cir-
cuits to eliminate the com-
plexities found in mechanical
sweeps. Ideal companion in-
strument for Type 501 Marke

Generator.

Sylvania TV

Oscilloscope
(Type 400)

This new, high-gain, wide-
band instrument acca-
rately displays any TV
pulse, wave-shape, or sig-
nal. Sensitivity: 0.01
volts/inch. Band width
useful to 4.0 mec. Fre-
quency compensated at-
tenuator.

ATTerugrgn

PErare ».

Lmaingy

SERAToR

. . .with this
new
SYLVANIA
larker
Generator

Type 501

IT’S here at last! The new Sylvania TV Marker

Generator we promised you.

Now you can offer better TV service than cver
before. This ncw Sylvania instrument provides
two separate signals for marking an oscilloscope
trace of response curves, accurate adjustment of
traps, frequency spotting, measuring band width,
and correct adjustment of the popular 4.5 me.
intercarrier sound circuits.

Single switch provides continuously variable
and crystal-controlled signals separately or simul-
taneously, or standby operation. VFO covers 15
to 240 mec. range. Second oscillator furnishes
crystal-controlled signals without tuning, when
standard makes of crystals are inserted in a panel
socket.

Mail the coupon for full information or see
your Sylvania distributor today!

Sylvania Electric Products Inc.

Department R-1210

Emporium, Pa,

Please send me illustrated folders describing the full
line of Sylvania Test Equipment.

| Name |

Company.

Street

SYILVANIAS ELECTRIC

RADID TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS: FLECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS

October,

1950
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CONCORD--CHICAGO

 SENDS IT TO YOU

 FASTER--FOR LESS

NEW! TV SIGNAL
GENERATOR
3 INSTRUMENTS IN ONE

With the new Superior Model TV-30 Televi-
sion Signal Generator you can now accurate-
1y align TV i-f and front ends without the use
of an oscilloscope or TV sweep generator.
The TV-30 does all the work in a fraction of
the time. Check these features: Built-in
modulator may be used to modulate the r-f
frequency; also tolocalize the cause of trou-
ble in the audio circuits of TV receivers.
Double shielded oscillator circuit. Linear
calibrations throughout. Frequency Range:
4-Bands--no switching 18-32 mc. 35-65 mc. 54-98 mec. 150-250 mc. Audio
Modulating Frequency: 400 cycles (Sine Wave). Attenuator: 4-position, lad- °
der type with constant impedance control for fine adjustment. Tubes (2)
6C4, 6SN7. Comes complete with shielded coaxial lead and all operating in-
structions. Overall size: 6§ x 7 x 9.

25-21694R--Shipping Weight 10 IDS. ... ..evvereennsenns e, 29.35

JUST OUT! EMC MODEL 202
TUBE-OHM-CAPACITY TESTER

This brand new EMC Model 202 TUBE-OHM
CAPACITY-TESTER is designed to test all
tubes including the noval and subminiature
types by the standard emission method. It
has individual sockets for each type of tube
base, and supplies heater voltages from 0.75
to 117. Completely flexible switching ar-
= rangement. It can also test cold-cathode,

. 7o ! magic-eye, voltage regulator, and ballast
— g tubes. Capacitor leakage can be checked to
6] one megohm, resistance to 4 megohms, and

R capacitance from .01 to 1 mfd. The instru -
ment is housed in a hand-rubbed portable

oak case with hinged cover and carrying

bandle. Panel finished in 3-color hammer-

tone. The built-in roll chart is covered with nonbreakable transparent plastic.

This tester will save you valuable minutes on service jobs--put extra cash in

your pocket.
25-21610R--Shipping Weight 12 1bSe..eevrenenresensn.n. 050000000 43.

; BUILD IT YOURSELF
FEILER T5-9 VTVM KIT

When you build your own test equipment you
save money. This Electronic Vacuum Tube
Volt - Ohm Milliameter kit has latest zero
center scale for FM and TV discriminator
alignment. Ranges: AC or DC volts--0.5/
10/100/500/1000; Decibels--minus 20 to
plus 16; Ohms--0.2-1000 megohms in five
steps; DC ma.--0-1 (additional ranges a-
vailable by external shunts). Input impe-
dance: 26 Megohms on DC, 3 Megohms on
AC. Tubes: (2) 6C4, (1) 6H6, (1) 6X5GT.
Has DC polarity reversing switch: big 4-1/2
For 105-125 volts, 50-60 cycle
Com-

295

in. meter. Accurate within 2% on all ranges.
AC. Sturdy steel case, 11-1/2 x 9 x 6 in., in gray hammerloid finish.
plete, easy-to-follow instructions included.

32-24374R--Shipping Weight 12 lbs...........

PHOTO ELECTRIC CELL

JUST ARRIVED! Big Shipment of Selenium photo
electric cells. Rated at 500 microamps./ lumen.
Generates 1/4 V in bright sunlight--needs no batteries. Can be used in photo
exposure meters and in colorimeters with sensitive relays.

99-6810R--Each..veevenvarenss 500000 0006400000000030000000000000000

CONCORD RADIO

Mail Order Center and Showroom

901 W. Jackson Bl¥d,, Chicago 7, Ill.
Bronch Showroom: 265 Peachtree 5t.; Atlanta 3, Ga.

TWO-SPEED
TAPE RECORDER

Gives You mapn

y features that
woul_d expect tofind only in more S;[;{:l
bensive 'professional equipment

- range--and
- Speed which gj
one hour’s recording at g 50-51383

duction,
Editing k
tape, Has rewind i
1 and skip control
iiier:;cfophoixe. radio or phonograbh
a2l amplhifier Positive int,
= "Rewind_Skip" éont nterlock control Switch--""pla -Recordr
I;;et?ned P posri(t)ilotrzlannot be used until other co ’ e
11-Fi amplifier. Sturg 1 g inj
tificial leather, Size:y g.}é‘;;)f f;—sle/ésxﬁlnll's'md e

microphone, ree
€xtra reel. Is and cords, Includes microph

35-22614R--Shipping Weight 26 Ibs, _ .

: anywhere on th
Alnico v l?M Speaker, Input jacli
- Output jack for headphones op

n-resistant ar.-
Space in case carries
one, one reel tape, one

AM CHASSIS
HIGH FIDELITY

CAN BE USED AS A COMPLETE AM
CHASSIS OR AS A HIGH-FIDELITY TUNER
IN TOP QUALITY CUSTOM INSTALLA-
TIONS. Covers the 540 ke to 1900 ke band.
The addition of a speaker will give you a
complete AM System, or by making a few simple wiring changes you can incor-
porate it into your High-Fidelity ensemble. Its carefully engineered superhet cir-
cuit uses iron core i-f transformers to give maximum selectivity and gain. Tuned
r-f stage and 3-gang condenser pick-up those distant, hard-to-get stations. Built-
in high "Q" loop antenna is extremely selective and sensitive. Also has terminals
for connecting external antenna. Powerful output transformer matches any PM
speaker that has a 3.2 ohm voice coil. Undistorted power output of 2 watts. Rec-
ord player can be easily attached. Chassis has phono jack for any crystal er high
impedance pickup. Phono motor can be plugged into AC outlet on chassis. Sensi-
tive tone control lets you select exact tonal emphasis you prefer.. Tubes: (2)
12BA6, 12BE6, 12AV6, 6V6, and 6X5 rectifier. Overall size of chrome-plated.
chassis: 4-1/4 x T x 9-3/4". Operates on 96-125 volts, 60 cycle, AC.
1-650R--Shipping Weight 10 IbS. . .uvuveiururnrernenrnerrneanenannns

BEDLAMP RADIO
BARGAIN PRICED

"'Soft light and sweet music" is the soothing com-
bination you can have from this cleverly-designed
bedlamp radio. Spend pleasant evenings reading
in bed to the strains of your favorite melodies.
Flip off the light and relax to the radio alone.
Padded, adjustable brackets let you mount the radic onany type of bed rail or head-
board. The radio is a full-size, 5~tube superheterodyne, with built-in antenna and
dynamic speaker. The bedlamp section contains a standard, tubular lamp, behind
a curved, plastic diffusing shield, which unclips from the front of the radio to re -
place the lamp. The unit operates on 110 volts, AC or DC. Radio uses: 12SA7,
128K7, 128Q7, 50L6-GT, and 35Z5-FT (rectifier). Dimensions: 9-1/2" x 5-1/4"
x 7", Shpg. Wt. 8 Ibs. Our supply is limited so Order TODAY!
1-533R--Bedlamp radio in walnut plastic
1-534R--Bedlamp radio in ivory plastiC.........veeeeeeeerruonnnnnenceas

FREE

i e e e s e e e e e i e . e e e )

CONCORD RADIO CORP. Dept. RK-50
901 W. Jackson Blvd., Chicago 7, Illinois.

YOUR GUIDE TO GREATER SAVINGS...
CONCORD'S CATALOG--JAM-PACKED WITH VALUES!
SEND FOR YOUR FREE COPY, TODAY.

[ Enclosed $.......... (Include shipping charge.
Any excess will be refunded) Rush me this follow-
ing equipment. .

Send FREE latest Catalog and Bargain Bulletin.

For PROMPT Service on Export Orders & Inquiries
Address to CONCORD RADIO CORP., EXPORT DIV-
ISION, 901 West Jackson Blvd., Chicago 7, Ilinois.

EXPORT

essecesssadone.,....State..

oo e e
u]
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IS HERE!

e New HIR

a fully cutomatic

with the most
accurate indicator
on the market!

. . AUTOMATIC—the new deluxe model HIR Alliance Tenna-
Just set the pointer and forget it} : . T
: Rotor is fully automatic. Turn the indicator knob and the
Works in any weather . .
anfenna turns to any setting on the dial and stops.

Guaranteed for one year
FASTER INSTALLATION —the only direction-indicating

rotator where no orientation of antenna is required. Uses
special "Zip" feature—4-conductor cable.

&:::;‘* e

s o ... NEVER OUT OF DATE— mark the best antenna position
71 B N for each station right on the dial with removable stickers.

é&‘:‘ ;40;«! zememgez— z::& : New channels can be added at any time by customer. No
. Only Alliance delivers a o expensive callbacks necessary.

_?g’ ;32?:;;:\;::{:22?;:3 oy MYSTIC LIGHT—light moves along the dial, shows posi-
. 40 stations. B tion while antenna turns. Pointer indicates antenna position

:’::i It pays to stock and sell 8»:\*’ gt aliitimed

. Alliance Tenna-Rotor! .

S s

_ ; ®

TEN

(TV ANTENNA ROTATOR)

Oc¢tober, 1950 23
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Hatklicrafters $-38B

Shpg. wi. 14 lbs. s ;
Only

Buy it at a substcnhal saving
with @ Walter Ashe ''Surprise”
Trade-In deal. What do you
have to trade?

30

HALLICRAFTERS S-78

New FM/AM Radio Chassis. 3
Shpg. wt. 22 lbs. Only E 9 5

Slash the above price by trctdmg in
your used test or communication
eqguipment.

HALLICRAFTERS ST-74

For amazing savings apply our ''Surprise’

Trade-In Allowance against this price.

New FM/AM Tuner Chassis.
Shpg. wt. 17 lbs. Only $ @95

Fi

Catalog. The treasure chest of

‘ TI’(I(I

:-ilsedf'l'e t or Commumcuhon

For saving cold cash on hot values noth-
ing beats the bargain you get when you
trade your used (factory-built) test or
communication equipment for the Halli-

crafters Receiver of your choice.

To get YOUR extra-liberal “Surprise”
allowance, simply tell us what you have
to trade. We’ll respond, pronto, with our
money saving offer. Wire, write, phone

or use the handy coupon today!

But buy it for less by applying our
liberal trade-in allowance against
1 the purchase price.
: New 164-Page

ALL PRICES F.O.B. ST. LOUIS
PHONE: CHestnut 1125

values! Send for your
copy today.

A Word To The Prospective Novice

From our complete stock of Hallicrafters Receiv-
ers you can choose the instrument ideally suited
for your entry into the proposed Novice class of
Licensee in Amateur Radio. Free copy of latest
Hallicrafters catalog is yours for the asking. De-
pend on Walter Ashe for the latest and best
buys in Radio. Electronics, Components and
Supplies to meet your every requirement.

A A AR A AR AL A A LA LRRLRRARARRRARMRRRRE®

: Walter Ashe Radio Co.
s 1125 Pine St., St. Louis 1. Mo. ’
¢ [ O. K. Walter, Rush “Surprise’” Trade-in offer on my :
s

; ]
: (describe used equipment) :
$ tor .
¢ model No. of new quipment desired) :
# [J Rush Free Copy of your new 164 page Catalog. s
¢
# NAME = g
4 ADDRESS _... ¢
: CITY Zone.... STATE. . s

A“““‘\"\“‘\““““\““““A
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Your Own Secret Weupdn'- s Electronic Training!

Radar-guided glider bomb perfected by

Navy. The Bat, first fully automatic
guided missile to be suecessfully used in
combat, is now a full-fledged service
weapon of the Fleet. The Navy has
launched a program to train personnel in
technical and operational use. Bats follow
their targets through own radar installa-
tion, which is in the nose: bomb is carried
in fuselage. Official U.S. Navy Photograph.

e

=
o
o

Whether in the Armed Services or in Industry, CREl Training
Pays off with More Money. .. Interesting Jobs ... Secure Careers

Electronics in war directs gunfire, drops bombs, finds In World War II CREI trained thousands of men
enemy planes, “homes” f{riendly planes, detonates for the Services. In recent peacetime years CREI
explosives, and finds targets. Any man with elec-
tronics lraining gets an important berth in the Serv-
ices. Just as essential to industry, the man with
advanced clcctronics know-how is assured of an inter-
esling, well-paid career.

has been sclected by major airlines, manufacturers,
networks and top merchandisers to train their own
electronics specialists. United Air Lines, Pan Amer-
ican Airways, Canadian Broadcasting Corp., Bendix,
RCA Victor, and Sears-Roebuck are just a few of the
CREI, through home study, offers practical tech- firms that have paid us to train their men.
nical training, starting with basic principles. It )
grounds you thoroughly in the fundamentals required
for work in guided missiles, television, and all the

important fields of communications and electronics. few months can be all-important in determining your
Thus, with CREI training you qualify for work in an °

industry that desperately needs qualified men. Or if future ele'ctfromcs i career}.h erte' 1m'm;d1atelyhfo;
you enter the armed services, your electronics knowl- complete information. € cost 1s within reach o
edge quickly puts you in line for promotion. all, the terms easy.

Make your own opportunity in clectronics. Start
preparing at once while there is still time! The next

THE THREE BASIC CREI COURSES NAL CRUERA OB FhAN BOCKLEY

* PRACTICAL RADIO ENGINEERING

x Fundamental course in all
PRACTlCAL TELEVISION ENGINEERING

x Specialized iraining for professional radiomen
TELEVISION AND FM SERVICING

Streamlined course for men in “top-thicd” of field

CAPITOL RADIO ENGINEERING INSTITUTE
Dept. 1110B, 16th & Park Road, N. W., Washington 10, D. C.

Gentlemen: Send booklet, '"Your Future in the New World of Elec-
tronics,”” together with details of your home study training. CREI

phases of radio-electronics

{f-improvement program and outline of course. I am attaching a
ALSO AVAILABLE AS RESIDENCE SCHOOL COURSES i)cricfl rggume of my experience, education and present position.
R Check Field of Greatest Interest: {J Aeronautical Radio Engineering
g? &ﬁ &@E : [l Practical Television Engineering {J Broadcast Radio Engineering
) e m [ Practical Radio Engineering . (AM, FM, TV)
EMGI"EER = [ TV, FM & Advanced AM Servicing [ Radio-Electronics in Industry
4 E"G E"srlru ?E : It Residence Schoo! Preferred, Check Here ]
An A di - ;
Dept. ”:(;'BFQ ;;: Zﬁchntca[ Institute Founded in 1927 : NAME_ o _AGE.
» Park Rd., ¥. W. Washington 10, 0. ¢, =
Branch Office: San Francisco, 760 Market st. : ADDRESS. . —

October, 1950 23
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Ruggedly built to
withstand undue
vibration and rough
handling

Outer tube
plastic impregnated
to prevent

moisture-absorption

Light outer coat
of high-temp wax
provides

double protection

fach end
plastic sealed
against moisture

Leads anchored
securely in solid
plastic end

Type 8570C “Humidi
Seal” copacitors are
specially designed for
85" C, operation, even
in the most humid at-
mospheres, and will meet
the severe present-day
demands of endurance in
television receivers, auto
radios, etc.

WRITE FOR COMPLETE LITERATURE

Representatives and Distributors
throughout the U.S.A. and Canada

p‘

-

PYRAM!D ELECTRIC

PYRAMI D

COMPANY

155 Oxford Street

Paterson, N. J.,

Us.a

TELEGRAMS: WUX Paterson, N, J.

,E\(‘.AQLE;ADDRESLS: Pyramidusa

CECIL S. ALLEN has been elected to the
post of executive vice-president and
general manager of
Raytheon Manufac-
turing Company’s
Russell Electric
Company  Division
in Chicago.

Prior to Jjoining
Russell, Mr. Allen
was Vvice-president
and general man-
ager of the Pacific Coast Division of
the A. O. Smith Corporation for two
and a half years. For sixteen years he
served in various capacities with the
General Electric Company and during
the war he was section engineer in
G.E’s fractional horsepower motor
engineering division at Fort Wayne.

& *® *
W. A, BUCK has been named vice-pres-
ident and general manager of the RC4
Victor Division of Radio Corporation
of America . .. Election of HARRY
E. AUSTIN as vice-president in charge
of the Pacific Coast District for RCA
Communications, Inc. was announced
recently . .. C. P. Clare & Co., Chi-
cago relay manufacturer, has pro-
moted L. E. NOELCK to the post of
assistant sales manager . .. CHARLES
F. WATTS has been named assistant
purchasing agent in charge of televi-
sion cabinet procurement for Andrea
Radio Corp. ... L M. SANDWICK is
the new vice-president and general
sales manager of Scott Radio Labora-
tories. He was formerly merchandis-
ing manager of the firm . . . J. GRAY«
SON JONES, formerly chief engineer,
has been named vice-president of
Conrac, Inc., Glendora, California
manufacturer of television receivers
... The appointment of JOSEPH
KATTAN as distribution manager has
been revealed by Emerson Radio &
Phonograph Corporation . . . Sylvania
FElectric Products Inc. has made three
new appointments of interest to the
industry. ROBERT L. McNELIS has been
promoted to the post of distributor
sales representative for the Radio
Tube Division. DONALD E. SMITH has
been transferred to the renewal tube
sales department, and CURTIS K. WALL
has joined the distributor sales de-
partment of the company ... Al-
FRED S. BACKUS has been appointed to
the post of plant manager of the Clif-
ton, New Jersey operation of Mycalex
Corporation of America . . . The Tel-
evision-Radio Division of Westing-
house has named FRED S. McCARTHY
of Chicdgo to the post of sales promo-
tion manager of the division ...
WALTER F. KRAM has joined the en-
gineering staff of the Ballantine Lab-
oratories, Inc. at Boonton, N. J, as

S,
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senior engineer ... F W. TIETS-
WORTH has been named commercial
engineer for the eastern sales region
of General FKlectric’s Tube Divisions.
The same divisions have also ap-
pointed G. E. BURNS as field sales man-
ager and W. C. WALSH western re-
gional sales manager in the replace-
ment field . .. SAMUEL J. SPECTOR,
president of the Insuline Corporation
of America, was elected to the board
of directors of the 1951 Radio Parts
and Electronic Equipment Shows, Inc.
.. RON MERRITT is the new field
sales agent for the Instrument Divi-
sion of Allen B. Du Mont Laborato-
ries, Inc. He will cover the Northwest-
ern territory .. . Reeves Soundcraft
Corp. of Long Island City, N. Y. has
appointed HARRY P. WESTON as execu-
tive vice-president of the firm. He was
formerly with Graham-Paige Corp.
... REAR ADMIRAL C. A. RUMBLE,
USN (Ret.) has joined the Erie Re-
sistor Corporation as manager of its
Washington Division...T. R
MATHEWS has been named distributor
manager of the Radio-Television Di-
vision of Stromberg-Carlson Company
. . JOHN GRAY, a recent graudate
from the University of Illinois School
of Engineering, has been named to
head the Industrial Sales Correspond-
ence department of Simpson Electric
Company of Chicago .. . JACK STE«
YENS has been elected vice-president
of the Geo. Stevens Mfg. Co., Inc. of
Chicago. He has been with the firm
since 1942 . . . BEN WILLIAMS is the
new general manager of Richmond
Television Corporation, manufacturer
of the Natalie Kalmus television re=
ceiver line ...J. M. TAYLOR has
joined the Whitney Blake Company of
New Haven, Conn. as assistant sales
manager for that wire firm ... DAN
DEANER, a well-known figure in the
radio and television sales field, has
joined International Television Cor-
poration as sales manager.
MATTHIAS LITTLE has been elected
president of the Quam-Nichols Com-~
pany, Chicago
speaker and elec-
tronic components
manufacturer. He
succeeds James P.
Quam who was ele-
vated to the post of

chairman of the
board.
Mr. Little, who

joined the company in 1930, has been
vice-president of the firm since 1946.
During the war he served as a major
in the air force.

Mr. Quam plans to devote a greater
part of his time to the development
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* Complete Stocks! % 'Ouigk Delivefy!

New Senior VoltOhmyst

/V-97A has a range of usefulness e}ftend-
'il;:h: l}:yond that of any other instrument in the
field. The new Senior VoltOhfnysF measures.‘dc
voltages in high-impedance cireuits, gven ‘:‘ch
ac present. It reads the rms values of sine waves
or recurrent pulses, even in the presence of d'c.
Its electronic ohmmeter has a range of ten bil-
lion to one. Like all RCA VoltOhn}ysts, it fga-
tures high input resistance, electronic protect\?n
from meter burn-out. zero-center §cale for dis-
criminator alignment, mol(led-plfxst\c meter case,
a l-megohm isolating resistor in the dc probe,
and sturdy metal case for good rf $6250
shielding. 25P21527, Wt. 12 lbs.....

RCA M Folded $559
Dipole Antenna

llent for use in low-signal strep_gth
Er):acaes.eSpecially designed for FM receivers
with 300-ohm inputs. Lightweight aluminum
construction. Ready for mounting. Complete
with 5 ft. mast. 28N21816: Shpg. Wt. 5 lbs.

afayette offer o

special L

RCA SERVICE

on RCA

n data )
150 for use with

tion and applicat!

it . d
VOLUMES 1= 11—l b 5 oo Bt cooe
A $22.00 Value for $ s We 1 TUBE
puy the entive S0, (rom - poA RECEWING TUBE - o ,
Y imvette for 15007308 *3 MANUAL .« - - - | dnta_on al
97,001 Pays fox 1e‘§e and serviee oo iete tece‘;‘:llc,-aecei\jing tubes,

over in time Sav23F20197. Ship-
ht: 6 1bs.

plus theory amn i operation of each

e d )!

un Zatl;)ages 23N 19963 Shpg
1t

s & 1.50 5t
V DATA BOOK $ on ] Wt. Y N
'fﬁﬁ,lmve, casy to 1904 RADIOTRON DESIGNERS )

£

genuine RCA TV (‘:'o'[ﬁﬁbnents

O\

alignment pl‘o[c:'};lp]-ox. 100 pages. “ANDBOOK

Stock No. RCA No. Description ) Price ea.
6F5977 201D1 Deflecting Yoke 4.41
6F5978 201D2 Deflecting Yoke 7.64
6F6002 201D3 Deflecting Yoke 8.76
6F6003 201D12** Deflecting Yoke 4.41
6F5979 201R1 Width Control 41
6F5980 201R2 Width Control 1.29
6F5981 201R3 Horizontal Linearity Control .47
6F5877 201R4* Width Control .59
6F5878 201R5* Horizontal Linearity Control 71
6F6004 20176** Power Transformer (30-tube) 15.29
6F6005 20177** Power Transformer (24-tube) 12.35
6F6006 20178** Power Transformer (21-tube) 1.7
6F6007 20179* Power Transformer (27-tube) 12.35
6F4008 201710* Power Transformer {27-tube) 12.35
6F5982 201X1 Yoke Mounting Hood 76
6F5983 202D1 Focus Coil 4.41
6F5876 202D2* Focus Coil 6.47
6F5984 203D1 lon-Trap Magnet 3.82
6F6009 203D3** lon-Trap Magnet (PM type) 1.23
6F6010 203R1** Hor. Osc. & Sync. Control Coil 1.06
12F10168 20400 Filament Choke 2
6F5986 204724+ Vertical Output Transformer 2.94
6F5970 20473 Horizontal Qutput 7.06
6F6011 204T9** Vertical Defl. Output Transf. 2.65
6F5971 208T1** Horizontal Block, Osc. Transf. 2.29
6F5972 20872** Vertical Block, Osc. Transf. 1.62
6F5973 20873 Horizontal Block, Osc. Transf. 1.62
6F5974 20878** Horizontal Sync-Disc. Transf. 4 1.35
6F6012 20879** Ver. Blocking Osc. Transformer 1.47
6F5975 211N Horizontal Qutput Transformer 3.29
6F5976 21172 Horizontal Output Transformer 11.17
6F6013 21173 Hor. Defl. Output & HY Transf. 3.29
6F5875 21175+ Hor. Defl. Output & HY Transf. 5.59
“For 16" set using 16AP} TV Tube.+* Used with both 16AP4 and 10BP;
Tubes. Prices shown are less 2%, discount.
RCA Repl. T.V. Controls
Stock No. ___RCANo. Sect. 1 Sect. 2 Price ea.
6N 5883 71443 20 10* . .97
6N5884 71446 10,000 1 meg. 2.50
6N 5885 71784 500,000 10,000 2.53
6N5886 71971 1,000 50,000 1.47
&6N5887 72758 1 meg. 50,000 1.47
6N5890 73193 10,000 500,000 1.82
#Single tapped control. Prices shown are less 29, discount.

gervice data. o, Wt. 1

; RCA

23710904: Shp b 5 New manutald :gg;\;‘;’_‘ege?pfges_ ) f - ’ —-}
RCA TV COMPONENTS -39 oy e b s o 1 1o ORDER DIRECT from ﬁ;?i e e _’

! ical, installa- » - '

s = ﬂif;/ 1@ 0 Sixth ol e[ eue Y omaFoms T | e e J e e Y Lo -— _:4_.—7;: l— :s-i-o: —In-c)
Avenuie y LAFAYETTE RADIO (Radio Wire Telev on, 1
NEN-BOOK N York N Y 1 100 Siawth Avenue, N. Y. 13, N. Y. Dept. RJT-50 :
t JoY otrenaEES ew—;_. ! [J Please rush your new free catalog 050 1
S\ LATESTLBLIS! 24 Central Ave. : {7 Please fill the attached order. :
Clip coupon at once for your free Newark, N. 1. : :

] : ) buy- I I Name...voveernirnnnss e f G 4 [ I | R
copy of Lafayette’s big new I
book! Hi-Fi, Parts, Tubes, Com- 110 Federal St. } :
i ponents, TI” e eveq.yth%ng e BOSton’ Mass. } Address. e o v vinniiiienas e i
i in radio and electronics. T m ' :

: : eyt i '

_a." SEND ALL FZAIL ORDERS TO NEW YORK, PLEASE 4“(‘. Bronx, N.Y. :City ................... Zone;.-..-S_te-l-ti._..—.;.-._:
- ‘ | 27
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IIIEE lnlIIUtes n tlle ]cb alld tllls

Amphenol
sembled and 9°

I save ho

Antenna 1S full

f installation time with

and even
f the sturdy,
AMPHENOL
Jled back

e O
e important, becaus

urable constru

won
antennas, I know i

to make repairs:
For quick, easy

_Sf_lz_m__b‘—h-tl'i :

Amphenol IN

-AMPHEN©OL
QUICK-UP ’iN'H"N"Ei ANTENNAS

*U. 5. PAT. NO. 2,474,480,

AMERICAN PHENOLIC CORPORATION
1830 5O. 54TH AVENUE « CHICAGO 50, ILLINOIS

handlz‘ng~°nd_
re’s nothing Hk

NE Antenn

of new products in the speaker and television fields. He
is the holder of many electronics patents. His new post
will also enable him to take an active part in several of
the trade association activities in which he is most in-
terested.
E. H. ULM, formerly sales engineer for the Electronics Di-
vision of Sylvania Electric Products Inc. has been named
merchandising manager of that division.
5 r ‘-7-'5} He joined the staff of the Electronics
Division in 1945 as a sales engineer.
Prior to that time Mr. Ulm was asso-
ciated with the field engineering force
of the Radio Division of the Western
Electric Company where he served as
an instructor in radar and sonar. Dur-
ing 1943 he served as an anti-submarine
warfare field engineer for the Division
of War Research, Columbia University.
Mr. Ulm is a member of the IRE, the Radio Club of
America, and the AIEE.

TELEVISION EXPERTS from nine countries recently met in
Geneva, Switzerland, under the chairmanship of Dr, W.
Gerber of the Swiss General Post Office to discuss the
matter of establishing detailed standards for telecasting.

Delegates from Belgium, Denmark, Italy, the Nether-
lands, Sweden, Switzerland, France, the United Kingdom,
and the U. S. were present. The purpose of the meeting
was to establish standards for 625-line television systems.
While the U. S, France, and the United Kingdom are tele-
casting on other standards, it is possible that the other

countries represented will adopt the 625-line standard.
RADIO CORPORATION OF AMERICA has announced that it
has voluntarily relinquished four of its trademarks to
public domain.

The U. S. Patent Office has been asked to cancel RCA’s

registration of the tradenames “Iconoscope,” “Kinescope,”
“Orthicon,” and “Acorn.” According to Frank M. Folsom,
president of the company, the industry is now using these
tradenames in a generic and descriptive manner and RCA4
is willing that they be so used.
CALVIN SILVERMAN, 15-year old senior from Huntington
High School, Long Island, was presented the first prize in
the Long Island Science Congress competition as the rep-
resentative of the school’'s Radio Amateur Club.

The club was awarded an Eico Model 511-K volt-ohm-
milliammeter kit for its achievement in the construction
and operation of a modern 300 watt, all-band amateur
transmitter.

SOL PREDEGER has been appointed vice-president of Ma-
jestic Radio & Television, Inc. of Brooklyn, New York. He
is director of purchases for Majestic
and also for Garod Radio Corporation.

Mr. Predeger has been associated
with the two companies for a period of
13 years as director of all purchasing
activities. He has also served in a simi-
lar capacity with Fada. A pioneer in
the radio industry, he has served vari-
ous companies for over 20 years.

Mr. Predeger’'s appointment is the
first step in the company’s plan for a general expansion
in the purchasing department. Majestic is contemplating
further additions to executive personnel in view of in-
creased production schedules, according to Leonard Ash-
bach, president of the firm.

ADMIRAL CORPORATION, Chicago television manufacturer,

has received the merit award of the American Society of

Industrial Engineers, Detroit, for leadership in research,

engineering, design and manufacture in the radio and tele-

vision fields. The award is made in limited numbers each

year to those companies which, in the opinion of the board,
(Continued on page 122)
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Television
camera with
the eves of a cal

Why an image orthicon camera can
see with only the light of a match

No. 9 in a series outlining high
points in television history

Photos from the histerical collection of RCA

o Show any camera fan the things a television camera is
asked to do, and you'll leave him gasping!

Accustomed to using flash bulbs and floodlights—or
taking time exposures in dim light—the still photographer
is tied to the limitations of lens ratings and film speed.
But a television cameraman operating the RCA image
orthicon camera gets sharp, clear pictures—in motion—
in places where lack of light would paralyze the most
costly “still” camera.

The secret, of course, is that the picture signals created
within the RCA image orthicon camera can be intensified
millions of times for transmission.

Youthful ancestor of this supersensitive instrument is
the iconoscope tube invented by Dr. V. K. Zworykin, of

e

Here, in a testing battery at RCA Tube Plant in Lancaster, Pa.,
RCA image orthicon pick-up tubes get the final seal of approval
from un engineer.

October, 1950

Although dramatic action, in television plays, is often presented

in the dimmest light — no detail is missed by the RCA image
orthicon camera.
RCA Laboratories. It was television’s first all-electronic
“eye’—without any moving parts, presenting no mechan-
ical problems.

Basing their research on principles uncovered by Dr.
Zworykin’s iconoscope, RCA scientists were then able
to develop the image orthicon pick-up tube. Although
simple to operate, and virtually fool-proof, it is actually
one of the most complex and compact electronic devices
ever developed.

Within its slim length—not much bigger than a flash-
light —are the essentials of three tubes, a phototube, a
cathode ray tube, an electron multiplier. The phototube
converts a light image into an electron image, which is
electrically transferred to a target and scanned by an
electron beam to create a radio signal. The electron mul-
tiplier then takes the signal and greatly amplifies its
strength so that it may travel over circuits leading to the
broadcast transmitter.

Inside the image orthicon tube, more than 200 parts
are meticulously assembled. There’s a glass plate thinner
than a soap bubble. .. a copper mesh pierced with 250,000
tiny holes to the square inch. A piece of polished nickel
pierced with a hole so small you couldn’t thread it with
a human hair!

The image orthicon television camera, as it has been
developed by scientists at RCA Laboratories, is now 100
to 1000 times as sensitive as its parent—the iconoscope

.and in the dark, sees almost as clearly as the keenest
eyed cat!

&

Radio Corporation of America
WORLD LEADER IN RADIO—FIRST IN TELEVISION

29
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In the waveguides which conduct microwaves to and from
the antennas of radio relay systems, current is concentrated
in a surface layer less than 1/10,000 inch thick, on the inner
surface of the waveguide. When these surfaces conduct
poorly, energy is lost.

To investigate, Bell radio scientists devised exact meth-
ods to explore this skin effect at microwave frequencies.

Scratches and corrosion, they found, increase losses by
50 per cent or more. Even silver plating, smooth to the eye,

Saving energy for better
low-cost telephone service

.swwm
il

Arrow points to tube containing a wire speci-
men under test for surface conductivity. The
tube and wire are excited to resonance by micro-
waves from generator at extreme left. Conduc-
tivity is calculated from frequency values
indicated by barrel-shaped wavemeter (top
center) and resonance curves traced on an
oscilloscope screen (not shown).

can more than double the losses of a polished metal. Very
smooth conductors, like electropolished copper, are best.
An inexpensive coat of clear lacquer preserves initial high
conductivity for many months.

Energy saved inside a microwave station is available
for use in the radio-relay path outside. So stations can some-
times be spaced farther apart, and there will always be more
of a margin against fading. Here is another example of the
practical value of research at Bell Telephone Laboratories.

BELL TELEPHONE LABORATORIES

390

WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALUE AND LOW IN COST

RADIO & TELEVISION NEWS
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Our quality is your guarantee of satisfaction. That is why folks
who buy Raytheon television sets are satisfied customers. And no '
wonder! Every Raytheon set is precision engineered ... made of
fine parts and materials . .. to give outstanding performance.

Raytheon uses no short cuts . . . leaves out no parts. .. in order
to cut prices. You can buy Raytheon with confidence because of itsg: 27
quality and dependability.

See the beautiful models now available in the new 1951 Ray-
theon line. And remember: Raytheon is dependably built for &

dependable performance!

List prices range from $189Q91,5 2o $625.

RAYTHEON GIVES YOU THIS
PROOF OF DEPENDABILIT

" Guaranteed by %
Good Housekeeping
Y

7
o, )
745 apvegmsen WS

PROOF! Raytheon PROOF! Backed PROOF! Backed

televisionisbacked by a liberal one- by the Under- by a leqder in k

by the famous yvear Warranty. writers’ Labo- electronics for bR

Good Housckeep: ratories Seal! 25 years. s AL i

ing:GuaranykSesl. "' BELMONT KADIO CORPORATION

[ 'W. Dickens Ave., Chicago 39, lil.
Subsidiary of
RAYTHEON MFG. CO.

Dependably Built for Dependable Performance
As Advertised in Life, Good Housekeeping, Saturday Evening Post
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G I—13-CHANNEL
TELEVISION TUNER
For replacement or construction work. Capacity
type tuner with fine tuning control. Using 3—

6J6 tubes. Input for 300-chm line. One of the
finest front ends ever built.

Eachaa . . asessmsh e $6.95 less tubes
6.50 each

VOLUME CONTROL STEAL

250,000 With switch—2 Y2" milled shaft
500,000 39¢ eo.

1 meg. Lots of 10........%$3.72

2 meg. Asst. of 25....... 8.74

Standard Type Replacement
Phono Cartridge

All New—AIl Guoranteed

Type No. 1 will replace Shure W58A
Webster N10
Astatic L70

Price—only $1.85 ea.  Lots of 10 $17.90

Type No. 2 will replace Shure W56A
Webster N10
Astatic [-72

Price—only $1.99 ea. Lots of 10 $18.90

CERAMICON CONDENSERS

Standard Manufacture
Kit of 100 most often used ceramicons—now
$4.95

GT TUBE CARTONS

Sturdy—Many Uses.
Box bulk tubes, spare parts, nuts and bolts.
.79 per 100
4,95 per 1000

KNOB ASSORTMENT

- Includes half push on and half set screw knobs.
All used often.
100 knobs enly...c.cvv....$1.89

MOST POPULAR VIBRATORS

Covering 95% of all uses at great savings.
Standard 4-prong......oiiiein.. $1.19 ea.
10 for $10.50

Delco 4-prong........... ...t $1.29 ea.
10 for $11.90

Buick Vibrator. .« ...voviiienan.. $2.59 ea.
10 for $22.50
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\NDING VALUES

LARGE 14" or 16"
PICTURE FROM
YOUR 10" or 12"
TELEVISION SET
Servicemen: Convert customers' sets for extra

profits! 90% of all conversions can be made by
use of the RAPARCO conversion kit.

NOw!

Includes 14BP4 CR tube, 70° deflection yokes,
and attractive lucite mask.

Complete, only...ooveunn.. $29.95

HIGHEST QUALITY TELEVISION
COMPONENTS
AT LOWEST PRICES YET!

Standard Manufacture—AIll New-—All Guar-
anteed. All these parts are used constantly in
repair or conversion work.

70° Deflection yoke——includes leads and re-

SISTOTS eyeyarene @ cra 8 5 w S By el ranens 3 $3.50 ca.
607 Deflection yoke., ..vevenn... 2.25 ea.
Flyback transformer for 122" set.. 2.75 ea.
Flyback transformer for 16" set.... 3.50 ea. |
14" Attractive Lucite Square Mask.. 3.95 ea.
16" Attractive Lucite Square Mask.. 4.50 ea.

14BP4 Square, Black 14" CR tube.. 24.95 ea.

16TP4 or 16XP4 Square Black 16”
CRtube.......ovviiiiivnnnt. 37.50 ea. '

INDOOR
TELEVISION ANTENNA

Now TV reception without the outdoor antenna. Effective
range 20 to 25 miles from statian. Excellent reception.
Easily installed—takes 5 seconds. Easily orientated. Heavy
base—will not tilt. Attractive. Friction clutch-type action
on the rods.

Complete with lead inveeeeasereeeeiocennnnss $1.79

NOW AVAI

wwWwW americanradiohistorv com

CRESCENT CHANGERS
for the

RCA 45-R.P.M. System

A complete changer ready for installation or
attachment. Beautiful in appearance, built to
last under constant service.

Each changer comes complete with Crescent
“Rollway” mounting for custom installations.

Price complete.............. $8.59

Metal Base for RCA 45 R.P.M. changer—
Mahogany Hammerloid Finish.$1.00

PM REPLACEMENT SPEAKERS
ALL NEW—ALL GUARANTEED

47 AINICO Veveeaeinaneannannnann $1.19 ea.
5T AINICO Vet 1.29 ea.
6" Pin Cushion Alnico V..... TS 1.69 ea.
6" Round Alnico Vo ovouneennnn.. » 1.69 ea
4x6" PM Alnico V. oiivenen.., 1.59 ea
7" PM Pin Cushion Heavy Alnico V

Offset holes for auto replacement. 2.29 ea.
6x9” PM Heavy Alnico V. ........ 2.29 ea
8” PM Heavy Alnico V........... 3.25 ea.
10" PM Heavy Alnico V.. ........ 3.95 ea.
12" PM Heavy Alnico V. ...t 5.25 ea.

CUSTOM BUILT AUTO RADIOS
POPULAR BRAND—FITS IN THE
DASHBOARD

6-tube sets of highest quality. Includes 6" PM
speaker,

For '49-'50 Ford. .... A
"49-'50 Chevrolet....... lComplefe—
'49-'50 Hudson. . ....... ready to install
'49-'50 Plymouth........ S$35.50 ea.
'49-'50 Dodge..........

ORDER BY CAR TYPE

RADIO PARTS COMPANY
SPECIAL OF THE MONTH
Top Cowl Mount Auto Antenna

staffF—60” Bakelite insulator with

chrome trim. Single-hole mount. Complete with

3-section

Shielded lead and universal plug.

This month only.......... $1.59 ea.

Case of 25.. 0000 enesses 1.52 0a.

Radio Parts Company, 614 RANDOLPH ST., CHICAGO 6, ILL.

RADIO & TELEVISION NEWS
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.
your instructor
1t's even better than the classroom,
because you can repeat the instruc-
tor’s lectures until they're thor-
oughly understood.

board size.

training on” film and tape recordings
Now the De Forest-Sanabria Corporation—a division of the world’s
largest television training school—brings class-room instruction to
you right in your own home! You actually hear your instructor's
recorded voice. At the same time you watch “blackboard’ size
projected pictures, diagrams and illustrations. 1t's the quick, easy
way to equip yourself for the big earnings in television—today!

LOOK . .. You get the tape recorder and projector

2000 illustrations
You learn quicker when you see
diagrams and illustrations in black-

RIGHT AT HOME ﬁ

By the new method of

right at the start of your course!

You get the famous “TRANSPON
DER’ precision built, high fidelity
tape recording machine with your
very first lesson—and a powerful
projector with which you can view
diagrams and illustrations en-
larged to a size that makes them
easy to see and understand.

from reference library
You receive complete books, pamph-
lets and manuals to supplement
your instructor’s lessons.

on tape

pronto.

BE A SUCCESS ... ACT NOW!

Millions of television set owners are demanding qualified
television technicians to service . their sets, There is a
tremendous shortage of such qualified men today and
will be for many years to come. Get in on the ground
floor of this booming industry and be prepared to accept
a steady, big pay job for life. We can qualify you
quickly, easily, surely—and help get you a job when
you complete your course. Send for illustrated booklet
that gives the complete details.

The De;Forest-Sanabrl% Corp

An dffiliate of American Televisio

your questions

Tell your instructor about
anything that puzzles you
and get his answers back

Y

5050 North Brocdway, Chicage 40, Il nois.

October, 1950

De Forest-Sanabria Corporahon i
Drogretiy FREE BOOK !
5050 Broadway, Chicago 40, Hl. TELLS HOW i
Dear Sirs: 5
Please send me copy of your free iliustrated booklet i
which describes the new TRANSPONDENCE method of
learning television ot home under the direction of f
Dr. Lee de Forest and U. A. Sanabria. ]
i
NAME AGE ¥
ADDRESS i
city STATE ;

(Mail in envelope or poste on a postcard.)

- i S 2 o, A D KR O D WO e, WM ¥ W Aoy DR G T T 0 o, o e
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DIy YOU EVER

AVAILABLE FROM
STOCK IN TWO
STANDARD SHAFTS

o]

2" DIMENSION

If you were to cut an OHMITE Type AB Potentiometer in half, you ROUND SHAFT

would see where these rugged little two-watt units get their reputation for
reliability, long life, and smooth, quiet operation. The secret lies in their
unique design.

The resistance element, for instance, is a thick, solid ring, molded under
heat and pressure—not a sprayed film or paint type element. Because of
this, the unit is unaffected by heat, cold, moisture, and length of service—
and, the low noise level often becomes less with use! Furthermore, termi-
nals are imbedded in the element, and all parts are corrosion resistant.

Use these fine components where reliability is important. Available in a
wide variety of resistance values, and in three tapers—linear, clockwise
logarithmic, and counter-clockwise logarithmic,

SCREWDRIVER
SHAFT WITH
LOCKING NUT

AVAILABLE AT ALL OHMITE DISTRIBUTORS

w: ca: ﬂ » BULLETIN 131A OHMITE MANUFACTURING CO.

4883 Flournoy St., Chicago 44, lllinois

OHMITE

Reg. U, S. Pat, Off,

RHEOSTATS » RESISTORS +» TAP SWIHITCHES

RADIO & TELEVISION NEWS
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Western Union’s microwave tower, Neshanic,
N. ]. Upper antennas {truncated) are part of
Philco’s 6000 mc. microwave relay system.
Lower parabolic antennas are part of RCA's
4000 mc. microwave relay system. Diversity
receiving antenna may be seen lower left.

Top section of "H" fixture microwave
antenna-supporting structure. 100 ft.
wood poles are used. Plane reflectors,
4 by 6 feet, are mounted on top and re-
flect microwave beam from 4 ft. para-
bolic antennas below. This is part of the
Rock Island’s microwave communica-
tions system from Norton ic Goodland.

By
LEO G. SANDS

Sales Engineer
Philco Corporation

Microwave relays will someday replace ¢ross-country overhead

telephone lines.

Equipment desceribed will be displayed at the

27th annual meeling of the Communicalions Seetion of the Assn.
of American Railroads meeting at French Lick., October 17-19.

LL over the country, towers
A topped by queer looking mir-
ror-like reflectors or parabolic
antennas are arising. These towers,
spaced from 15 to 50 miles apart, are
spelling the doom of the overhead tele-
phone wires that follow almost every
highway and railroad track. The com-
plete elimination of the pole line is still
far off, but construction of new open
wire pole lines, except for local distri-
bution, scems unlikely.

For several years, there has been
talk of the day when beamed radio
would start taking the place of wires
for point-to-point overland communi-
cations. That day has arrived. Al-
though the microwave art is not new,
inexpensive equipment was not
available until 1949 and very few sys-
tems had been ordered prior to 1950.

In the prewar year 1940, a radio
relay system was installed by Philco
engineers to bring television programs
to New York and Philadelphia. This
relay link operated in the vicinity of
200 megacycles. In 1947 this pioneer
radio relay was replaced with a 1400
megacycle microwave system. During

October, 1950

the war, the armed services made
considerable use of microwave and
u.h.f. equipment for point-to-point
communications. Today, television
broadcasters make use of microwave
links to transmit television signals
from their studios to the television
transmitters.

Although it is comparatively easy to
build microwave transmitters and re-
ceivers, the biggest problem was the
design of repeater equipment for long
haul relay systems. A long micro-
wave relay system consists of two
terminals and a large number of inter-
mediate repeaters. These repeaters
must be capable of receiving and re-
transmitting microwave signals with
a minimum of distortion to provide
high quality circuits and very little
crosstalk.

The ideal repeater would consist of
a microwave amplifier in which de-
modulation and remodulation does not
take place. However, such a repeater
has not yet been developed. Currently
available repeaters fall into three
classifications: (1) a transmitter and
receiver connected back-to-back; (2)

WwwWwW americanradiohistorv com

A.T.&T. microwave tower at repeater station
located between Richmond and Norfolk. Va.
Philco 10 #t. parabolic antenna is on top

of tower. Waveguide is used to feed units.

a heterodyne repeater; and (3) a feed-
back repeater. All three types have
merit and can be used with multiplex-
ing systems compatible with the spe-
cific type of repeater.

The first commercial application of
negative feedback at microwave fre-
quencies is incorporated in the feed-
back type microwave repeater
developed by Philco. In this repeater,
the output of the receiver is fed back
to the receiver’s own local oscillator
klystron, causing it to track the in-
coming frequency modulated signal.
The output of the Kklystron is divided
so that a small percentage of this out-
put is injected into the mixer of the
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HETERODYNE REPEATER

+

FEEDBACK REPEATER

Block diagram show simplified circuitry
of two types of microwave repeater units.

superheterodyne type receiver and the
major portion of the output is fed into
the antenna system as the outgoing
signal. To provide duplex operation,
two repeater units, one for each direc-
tion of transmission, are multiplexed
into common antennas. Only a single
klystron-type tube is required for both
transmission and reception in a single
direction.

A back-to-back type of microwave
repeater consists of a receiver whose
output is fed to a transmitter. For
duplex operation, two transmitters and
two receivers are required at each re-
peater station. In this type of repeater
at least two microwave oscillator
tubes are usually required for each
direction, one as the receiver local
oscillator and the other in the trans-
mitter.

The heterodyne type repeater is not
commonly used in communications re-
lay systems due to its cost and com-
plexity. However, it has found wide
use in television relays. Here a com-
paratively low frequency signal pro-
duced by beating the incoming
modulated microwave signal with the
output of the receiver local oscillator
is amplified. This low frequency sig-
nal (v.h.f.) is used to beat against a
microwave oscillator to produce a mi-
crowave signal at the sum or differ-
ence of the two frequencies.

Several types of tubes are used as
microwave signal sources and include
lighthouse tubes, planer triodes, mag-
netrons, and klystrons. Power outputs
of these tubes vary from a few milli-
watts to several watts.

Several groups of radio frequencies
in the microwave region have been

A four-section r.f. filler for a Philco microwave receiver.

allocated by the Federal Communica-
tions Commission for point-to-point use
by various industries, transportation
services, public safety organizations,
broadcasters, and communications
common carriers. The 6000 megacy-
cle band offers many advantages, such
as high antenna gain, adaptability to
simple circuitry, availability of reli-
able long-life tubes, and excellent
propagation characteristics.

Antennas with parabolic reflectors
are generally employed. The effective
power gain, for example, of such an
antenna with a dish of four foot diam-
eter is in the order of 34 db. at 6500
megacycles. This means that a one
watt transmitter will effectively radi-
ate the equivalent of a 2500 watt sig-
nal. A waveguide is often used for
connecting the antenna to the micro-
wave transmitter, receiver, or re-
peater. Alternatively, passive reflectors
are used in lieu of long waveguide
runs. A plane reflector, rectangular in
shape, is mounted atop a tower or
other suitable supporting structure
and the parabolic antenna is mounted
near the ground aimed at the reflector.
The signal is bounced off the mirror-
like reflector in the desired direction
in the same manner as a beam of light
is reflected by a mirror. In practice
the parabolic antenna dishes are
usually mounted on brackets on the
roof of the equipment shelter. As the
antennas are exposed to the elements,
heating facilities are provided for feed
horns and antenna dishes when used
in cold climates. With the antennas
mounted outdoors, there is the possi-
bility that the dishes may be event-
ually filled with leaves, dirt, or snow.
Furthermore, the end of the feed horn
makes an attractive target for the
hunter. To provide greater protection
for the paraboloids and feed horns,
Philco engineers have recently de-
signed a new type of microwave equip-
ment shelter in which the antennas
are mounted indoors under the roof.
Windows made of a special type of
pressed Fiberglas, virtually transpar-
ent to microwaves but opaque to light,
are installed in the slanting roof of the
shelter. The antennas are aimed
through these windows at the plane
reflectors on the tower. To prevent
frosting or the accumulation of snow,
thermostatically controlled infrared

This is part of the Philco CLR.5

repeater for use in 6575-6875 mc. band. Tuning slugs are pretuned and sealed at factory.
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lamps are used to heat the Fiberglas
windows.

One antenna with or without a plane
reflector is used at terminals for simul-
taneous transmission and reception.
Two antennas are required at repeater
stations in combination with wave-
guide feeds or plane reflectors, each of
which is used for transmitting and
receiving simultaneously in one direc-
tion to and from the adjacent repeater
or terminal.

The popular term for a single link,
the space between adjacent rcpeaters
or terminals is a “hop.” For example,
a three hop system consists of two
terminals and two repcaters. The
signal originating at a terminal on
frequency f, is retransmitted by the
first repeater on frequency f. and is
retransmitted again on frequency f,
by the second repeater. The signal
arrives at the far terminal in three
hops. For duplex operation, another
signal travels simultaneously in the
reverse direction.

The practical length of a hop is de-
termined by the heights of the an-
tenna supports, terrain, transmitter
power, receiver sensitivity, and an-
tenna gain, coupled with good engi-
neering practice. Line-of-sight con-
ditions are not good enough except
for very short hops. At least 50 feet
of clearance above trees is consid-
ered desirable. Hops varying in length
from 15 to 50 miles are common.
Longer hops where sufficient terrain
clearance is available could be con-
sidered, however, long hops are more
apt to suffer from fading.

A properly designed microwave re-
lay system makes allowances for fad-
ing. When frequency modulation of
the microwave signal is employed,
shallow fades go unnoticed. A micro-
wave system with a 30 db. fading
margin provides a continuous signal
without serious degradation of circuit
quality even during deep fades. In
the 2000 megacycle band, deep fades
are not as frequent as in the 6000
megacycle band. However, the higher
antenna gain available at 6000 mega-
cycles permits designing a system with
a greater fading margin, with the re-
sult that operation in either band is
almost identical. The hop length at
2000 megacycles or 6000 megacycles
can be the same, as here again the
much greater antenna gain at the
higher frequency more than compen-
sates for the slight difference in prop-
agation characteristics.

The width of the transmitted beam
from a four foot parabolic antenna at
6000 megacycles is three degrees. Al-
though this appears to be a very nar-
row beam, 25 miles out it is over a
mile wide at the half power points.
Much emphasis has been placed on
tower twist, but an analysis of the
facts reveals that tower rigidity is not
as important as has been popularly
supposed. As fading seldom occurs at
the same time as high wind velocity,
the fading margin also compensates
for tower twist.

The basic microwave system is ca-

RADIO & TELEVISION NEWS
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Philco CLR-5 microwave repeater for 6575-6875 mc. band. Two
complete one-way feedback repeaters and common power sup-
The microwave carrier is
It may be used with frequency-division
Only one klystron is re-
quired for each direction. The same klystron serves both as
FM transmitter

ply are housed in a single cabinet.
frequency modulated.
or time-division multiplex terminals.

the receiver local oscillator and the

Philco TLR-2 microwave repeater for television service as used
A similar unit is used by American Tele-
phone & Telegraph Company in its microwave relay system.

by Western Union.

pable of a modulated intelligence
bandwidth of considerable proportions.
To transmit several simultaneous voice
conversations, musical programs, tele-
graph messages, etc.,, the modulation
acceptance band of the microwave
system is subdivided by means of mul-
tiplex channelizing equipment. These
fall into two general classifications,
frequency-division and time-division
multiplex systems.

The most common form of fre-
quency-division multiplexing device is
the standard telephone wire line car-
rier termiinal employing AM with sin-
gle sideband transmission and with the
carrier suppressed. This type of chan-
nelizing equipment which is very eco-
nomical with bandspace may be used
with single hop systems or with mul-
tiple hop microwave relay systems em-
ploying repeaters which introduce
very little distortion. As the carrier
is suppressed, this type of multiplex
equipment lends itself to party-line
service on a bridging basis. Telephone
carrier terminals of the single side-
band type but without suppression of
the carrier may be used for deriving
through circuits but not bridged party-
line channels.

Another form of frequency-division
multiplex system is the FM subcarrier
which lends itself well to microwave
applications where economy of band-
space is not important. The FM sub-
carrier is not as critical of repeater
distortion as is the single sideband
suppressed carrier, hence it may be

October, 1930

tube.

effectively used with the back-to-back
type of repeater. However, its ex-
travagant use of bandspace does limit
the number of channels that can be
derived.

Several types of time-division mul-
tiplexing systems have been developed,
making use of pulse amplitude modu-
lation, pulse time modulation, pulse
position modulation, pulse width mod-
ulation and pulse code modulation.
Pulse amplitude modulation, popularly
referred to as P.A.M. provides high
quality voice circuits with a minimum
of crosstalk and with economical use
of bandspace. For example, a 32 voice
channel P.A.M. multiplex terminal re-
quires less than 300 kilocycles of band-
space. With P.A.M. it is possible to
provide party-line circuits as well as
through trunk circuits. Individual
voice channels may be dropped off and
injected at intermediate microwave
repeaters without degradation of the
channel.

A cost analysis reveals that for sys-
tems requiring four or fewer channels,
particularly when many drop-offs are
required, frequency-division multiplex-
ing is less expensive, whereas in sys-
tems with a greater number of voice
channels, time-division multiplexing
can be provided at less cost. Unless
otherwise specified a channel is a voice
channel 300 to 3300 cycles wide. Tele-
graph, teleprinter, telemeter, and su-
pervisory control channels require
much less bandspace than a voice
channel. When a frequency-division

www americanradiohistorv com

multiplexing system is used for deriv-
ing voice channels, narrow-band car-
riers for on-off transmission, such as
telegraph carriers, are generally ap-
plied directly to the microwave equip-

ment modulation input. In time-divi-
sion systems, a single voice band may
be sub-divided to handle from 8 to 16
AM or frequency-shift telegraph or
telemeter carriers.

With the exception of communica-
tions common carriers, the channel re-
quirements of most potential users of
microwave communications systems
does not approach 32 voice channels.
Manufacturers are offering multiplex
systems with 3, 4, 5, 8 10, 12, 16, 20,
24, or 32 voice channels as required by
the user. Some of the equipment
being offered is expandable in steps of
1 or 4 voice channels.

To provide compatibility with tele-
phone systems the multiplex terminals
must be provided with suitable termi-
nation equipment. A two-way voice
channel normally terminates on a
four-wire basis, two to the transmitter
input and two from the receiver out-
put, so that a hybrid network is re-
quired to provide two-wire termina-
tion which will permit connection into
a switchboard or a conventional tele-
phone instrument. In addition, provi-
sion must be made for ringdown or
dial signaling.

Although the microwave industry is
just starting to grow, great progress
has already been made in the past
year. The first railroad-operated mi-
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Block diagram of carrier amplifier repeat-
er and back-to-back receiver-transmitter.

crowave communications system to be
established on a permanent basis has
been installed by the Chicago, Rock
Island and Pacific Railroad along its
Denver to Chicago main line. This
5 hop pilot system between Norton and
Goodland, Kansas will supplement and
perhaps eventually replace wire line
comunications facilities in an area
where snow, wind, sleet, and dust raise
havoc with pole lines. Initially, the
Roclk Island’s 6000 megacycle micro-
wave link, 106 miles in length, will
provide facilities for a train dis-
patcher’s party-line telephone chan-
nel, a party-line message telephone

channel, a local party-line telegraph

circuit, and four through telegraph
circuits.

The Santa Fe Railway System is in-
stalling a 6000 megacycle microwave
communications system to provide ad-
ditional communications facilities be-
tween Beaumont and Galveston, Texas.
Eight voice channels derived by pulse
amplitude modulation will be provided.
Three unattended repeater stations are
to be installed on the Bolivar Penin-
sula to make up a four hop relay
system. To assure uninterrupted com-
munication, standby microwave equip-
ment will be provided at both termi-
nails as well as at the repeaters. An
automatic fault-alarm system will ad-
vise maintenance personnel at Galves-
ton of equipment or primary power
failures as well as identification of the
station requiring attention.

In the petroleum industry, a number
of pipe line companies are installing
microwave relay systems to provide
direct communication between pump-
ing stations, regional offices, and for
remote control of system-wide v.h.f.
mobile radio systems. The Humble
Pipe Line Company is to install a 6000
megacycle microwave communications
system along 400 miles of pipe line be-
tween Houston and Kemper, « Texas.
Two terminals and eighteen interme-
diate repeater stations will make up
the Humble relay system. Pulse am-
plitude modulated multiplex equip-
ment will provide eight voice channels
of which one to four will be dropped
off at intermediate repeaters.

The Bonneville Power Administra-
tion of the United States Department
of the Interior has awarded contracts
for equipment for a vast microwave
relay system which will blanket the

Lower section of "H” fixture antenna sup-
port and microwave equipment shelter. This
Philco Type CLR-5 microwave repeater and
emergency dgasoline engine-driven power
generaior are housed within the prefabri-
cated concrete slab building. A pair of 4 ft.
parabolic antennas are mounted on. the roof.

Four foot parabolic antenna for the 6575-
6875 mc. band. The unit has a three degree
beam and an eHective power gain of 34 db.

P
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State of Washington. In circuit miles,
this will be the largest microwave sys-
tem ordered to date for non-common
carrier service. The Bonneville com-
munications network will also make
use of pulse amplitude modulation for
deriving up to 24 voice channels. In
addition to telephone facilities, the mi-
crowave system will also be used for
power line relaying, remote control,
and the locating of faults along power
transmission lines.

For relaying of television programs,
a number of microwave relay systems
have already been installed and many
more are projected. A 6000 megacycle
microwave link installed by the West-
ern Union Telegraph Company has
been in continuous operation for over
two years. This link extends from the
Chrysler Building in New York to the
PS.F.S! Building in Philadelphia via
two intermediate repeaters located at
Neshanic and Mt. Laurel, N. J. Paral-
leling this link is the Philco-owned
television relay which links the Em-
pire State Building in New York with
the WPTZ transmitter at Philadel-
phia. One intermediate repeater at Mt.
Rose, N. J,, joins the two terminals.

The American Telephone & Tele-
graph Company has a number of mi-
crowave relay systems in operation
and according to the newspapers many
more are planned. In April of 1950,
a 6000 megacycle microwave relay sys-
tem was placed in service between
Richmond and Norfolk, Virginia, by
the Bell System to feed network TV
programs to the Hampton Roads area.

It is obvious that the microwave re-
lay art has emerged from the experi-
mental stage to become a vital part of
the nation’s communications system.
In times of national emergency, micro-
wave relay systems can be used to
augment existing wire line facilities
and they can be installed in much less
time. Economically, wire lines can-
not compete, as the cost of a micro-
wave communications system runs
from only $400 to $800 per mile. The
current estimated cost of building a
two-wire pole line runs from $800 to
$1500 per mile. A pair of wires will
provide one telephone circuit unless
multiplexed. The number of channels
that can be derived from a single pair
of wires is limited by electrical losses.
Multi-channel carrier equipment for
wire line telephony is more expensive
and more complex than microwave
multiplex equipment.

Performance-wise, the microwave
relay, being less vulnerable to storms,
should provide greater reliability than
overhead wire lines. Furthermore, it
will carry more types of intelligence
and can be expanded more readily and
at lower cost. Microwave systems have
provided uninterrupted service during
snow, sleet, and wind storms which
have prostrated wire lines. With well
designed equipment and adequate pre-
ventive maintenance, reliability ap-
proaching 1009 can be attained.

The year 1950 will be recorded his-
torically as the year the microwave
relay made its impact felt.
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Conventional service benches have been
completely eliminated in the shop of Tele-
Vuers Service Center, Inc. The chassis re-

mains fixed on table—if technician wants
to work on any part of the set he merely
swings the table around. The loudspeaker
on table is part of the shop intercom sys-
tem. A multimeter on the table is the main
servicing tool. For alignment jobs and more
complex servicing procedures the table
can be rolled over to single test bench
which is equipped with marker and signal
generators, a square-wave generator, v.t.
v.m., and scope. When sets have been
serviced or are awaiting servicing they
are housed on special racks that keep
them safe and out of the way. A large tag
on each set carries the full “case history.”

1950

O¢tober,

Only one completely equipped test bench is required

with this uniqune and time-saving servicing system.

By ROBERT RERTZBERG

UNIQUE method of speeding
/i up service jobs and saving the
. back muscles of the techni-
cians doing the work has proved
highly successful in the shop of Tele-
Vuers Service Center, Inc., of Bloom-
field, N. J., one of the largest and
busiest exclusive TV organizations in
the East. Each chassis requiring at-
tention is placed on a small, individual
table measuring 2x3 feet and equipped
with ball-bearing casters on the legs.
The shop manager puts the service
notes or schematic diagram alongside
the set. The table is fitted with a.c.
power outlets and antenna posts, with
flexible leads attached. When any one
of the dozen technicians in the shop is
ready, he simply pushes the table over
to his chair position against a wall,
where he plugs in the power and an-
tenna connections.

About 90% of the servicing opera-
tion i1s done with the aid of nothing
more than a high-resistance multi-
meter, according to Robert O. Lewis
and Joseph Werner, co-owners of the
center, which employs 55 people and
handles more than 14,000 contracts.
If a set requires alignment the table
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is pushed over to a corner of the shop
where a complete assortment of signal
and marker generators, scopes, etc.,
is available on another table. When a
set is given a final OK, it is wheeled
into another room containing a large
row of sturdily-built cubbyholes,
transferred to one of the latter, and
tagged for release.

Because the chassis remains on one
table from the time it is “put into
work” until the time it goes on the
shelf, a great deal of effort is saved
and much double-handling is elim-
inated. There are no fixed benches
of the conventional type anywhere in
the shop.

The tables are of very simple con-
struction. The legs are 2x4’s, the side
braces and the bottom shelf are 34-
inch shelving, and the top is a solid
piece of 3i-inch plywood. Regular
furniture casters permit the largest
and heaviest receivers to be pushed
around with ease. Two dozen of
them are about enough in a shop of a
dozen men; that is, there is always
one set waiting for a technician while
he is working on another.
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Fig. 1. Bottled beverage inspec.
tion. Each bottle passes between
light source and bank of photo-
tubes. Foreign matter affects
light, operating reject relay.

¥ NHE photoelectric tube, popular-
ly known to the public as the

- - electric eye, is in many respects
the most versatile member of the
electron tube family. A complete list-
ing of the applications of photoelec-
tric devices would more than fill this
page. They count objects passing on
a conveyor belt, they inspect bottled
beverages and reject those containing
foreign particles, they turn on lights
in buildings and at airfields when the
natural illumination falls below a pre-
determined level, they perform color
matching operations in paint and tex-
tile factories, they judge the tempera-
ture of heated metals by the color,
they open garage doors when an au-
tomobile approaches, they inspect and
sort objects according to size, shape,
or color, and they sound alarms in
cases of smoke or fire.

In spite of its manifold and varied
applications, the phototube is com-
paratively simple in structure. In its
usual form (Fig. 3), it consists of a
semi-cylindrical cathode coated with
a photosensitive material, and a
straight wire anode. These elements
are enclosed in an evacuated or a
gas-filled glass envelope. The straight
wire anode is used because it offers
little obstruction to light to the cath-
ode.

Caesium, rubidium and barium are
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examples of photosensitive materials.
These materials emit electrons when
struck by light. The spectral sensi-
tivity of the phototube—its response
to various wavelengths of light—is
determined by the nature of the cath-
ode material. By proper choice of
materials, the tube may be made most
responsive to red or to violet or to
any other portion of the light spec-
trum. Phototubes are available which
will respond to ultraviolet or to infra-

Fig. 2. Basic circuit arrangement of photo-
electric control. The light falling on the
phototube causes flow of current through
B.. The voltage drop across R, makes grid
of V, positive. Increased plate current of
V. causes the relay in the circuit to close.

B+ a

PHOTOTUBE
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PHOTOELECTRIC
Control

Industry

The eleetrie eye. probably best
Enown for its novelty uses. is

an important industrial **tool.”

By
ED BUKSTEIN

red rays, and in this respect they
exceed the performance of the human
eye.

*On-0ff*> Controls

In many of its applications, the
phototube serves as a light-operated
switch. The basic circuit arrange-
ment of a photoelectric control is
shown in Fig. 2. When light strikes
the cathode of the phototube, elec-
trons are emitted and attracted by
the positive potential of the anode.
The resulting current flow produces a
voltage drop across R, which makes
the grid of V, positive. The increased
plate current of V, causes the relay to
close. The relay contacts then operate
a light, bell, alarm, motor, or other
device.

If the voltage drop across R, is ap-
plied as bias to the cathode of V,, the
relay will close when the light beam
is interrupted. In addition, the relay
may have normally-open or normally-
closed contacts or both, so that cir-
cuit operation may be initiated by the
presence of light or by its absence.

The circuit shown in Fig. 2 can be
used to control the filling of bottles.
When the liquid in the bottle reaches
a predetermined level, it intercepts a
light beam. The relay in the photo-
electric control then stops the filling
mechanism until the next bottle
moves into position. As shown in Fig.
1, photoelectric devices are used to
inspect bottled beverages. The pres-
ence of any foreign particles changes
the amount of light reaching the
phototube. The relay then operates a
reject mechanism to remove this
bottle.

The circuit shown in Fig. 2 will also
serve as a smoke or flame detector.
The presence of smoke will decrease
the amount of light reaching the
phototube, and the relay will then
sound an alarm. In some installa-
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tions, circuit action is initiated when
light from the f(lames reaches the
phototube. In a related type of equip-
ment, the phototube “watches” the
pilot burner in an oil or gas furnace.
If the pilot should become extin-
guished, the photorelay closes the
fuel supply. This prevents unignited
fuel from accumulating in the fur-
nace.

Phototubes are often used to safe-
guard operators of power machinery.
If the operator should accidentally
get his hand in the machine, a beam
of light is interrupted and the photo-
relay opens the main power circuit.

Elevator leveling is another appli-
cation of the phototube. If the ele-
vator is not properly aligned with
the floor level, the photorelay cuts
off the power to the door opening
mechanism.

The phototube is widely used for
sorting objects according to color.
Beans, for instance, passing through
a revolving drum are inspected by
phototubes. If the bean is white it is
passed by the machine, but a dark
or discolored bean causes the photo-
relay to actuate a reject mechanism.
One installation of this type sorts
80,000 pounds of beans daily.

Used as a pin-hole detector, photo-
tubes inspect steel strip at a rate of
1000 feet per minute. The presence
of a hole in the steel allows light to
pass through to a phototube. The
photorelay then operates a marking
device which marks the location of
the defect.

If the relay of Fig. 2 is replaced
with an electromechanical counter,
the circuit will serve to count objects
passing on a conveyor belt. Each ob-
ject, in passing, interrupts a light
beam and causes the numbered discs
of the counter to move up one posi-
tion. Similar arrangements are used
to totalize highway traffic or count
department store customers.

Fig. 5 shows a commercial photo-
electric control. A unit of this type is
extremely versatile and can be ap-
plied to a wide variety of photocon-
trol operations.

Loop Contreol

In many manufacturing processes,
a continuous strip of cloth, metal, or
other material passes in turn through
several machines. If the material
does not pass through each machine
at the same rate, it may pile up in
front of one of the machines or it may
be stretched to the point of breakage.
Photoelectric controls are used to al-
low and maintain a predetermined
amount of slack in the strip of ma-
terial. This arrangement is referred
to as loop control and is illustrated in
Fig. 4. Under normal conditions, the
strip of material interrupts the light
beam to photocontrol number one but
not to control number two. If the ma-
terial passes too rapidly through ma-
chine 2, the slack will be taken up
and light will reach photocontrol
number one. This control will then
act to slow down the driving motor
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Fig.. 3. Phototube holder for photoelectric pyrometer, an instrument which judges ihe
temperature of heated metal by its color. Left view shows lens barrel and sighting
tube. Right view shows the unit with the cover removed to expose the phototube.

of machine 2. If machine 1 tends to
speed up, there will be excessive slack
in the material, and light to photo-
control number two will be inter-
rupted. This control will then slow
down machine 1.

Photoclectrie Pyrometer

Because the phototube is sensitive
to changes of color, it may be used as
a temperature measuring or control
device. When used for this purpose,
it is referred to as a photoelectric
pyrometer. In this application, the
phototube “looks” through a window
into a furnace where metal is being
treated. As the temperature of the
metal increases, its color changes
through the various shades of red to
white heat. The phototube, detecting
these changes of color, operates a
meter which may be calibrated di-

STRIP OF MATERIAL

PHOTO CONTROLS LIGRT SOURCES

Fig. 4. Loop control prevents strip of
cloth. metal, or other material from piling
up in front of machine or from being
stretched to the point of breaking.

rectly in degrees of temperature. In
other cases, the output of the photo-
tube may be used to control the heat-
ing mechanism and to maintain a
constant temperature.

~30-

Fig. 5. Photoelecric control unit. The opened cover reveals the relay. phototube.
and amplifier. In operation the light enters through the hole in cover of unit.
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A SINGLE-TUBE

ELECTRONIC KEY

By
DONOVAN V.
GEPPERT., W3iKKFP

Asst. Professor of Electronics
University of Arkansas

HE electronic key, designed to

fill present-day needs, must meet

- certain fundamental require-

ments as to circuit construction and

performance. Among such require-
ments are:

1. Dots and dashes must be self-
completing so that all dots (or dashes)
will be the same length, including the
last in a series. The key lever must
serve only to initiate a dot or dash
and not to complete it.

2. The circuit must be such that a
dot following a dash (or a dash fol-
lowing a dot) within a letter cannot
be initiated until the dash (or dot)
and the following space are both com-
pleted. This feature is essential for
effortless keying, since otherwise the
operator must not close the key lever
on the opposite side until the dash (or
dot) is completed. This requires an
extremely critical sense of timing, and
if condition number one is fulfilled,
then, by all means, requirement num-
ber two must also be met. In addi-
tion, release of the key lever in the
middle of a dot or dash must not af-
fect the length of that character.

3. The key switching requirements
must be simple and adaptable to or-
dinary mechanical bug technique.

4. A smooth control of speed must
be obtainable over a range from about
10 to 40 w.p.m.

5. The ratio of dot length to dash
length must be variable to suit the
tastes of different operators. Some
objection may be raised to this re-
quirement, since the theoretically cor-
rect ratio is three to one. However,
some deviation from this value may
allow easier sending by some opera-
tors.

6. The ratio of dot length to space
length, the so-called weight of keying.
must be variable to suit the tastes of
different operators. Again some ob-
jection may be raised, since the the-
oreticaly correct ratio is one to one,
but some operators prefer a slightly
heavier weight than normal. Those
who object to this requirement can al-
ways set the ratio at unity and saw
off the shaft.
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Fig. 1. A one-tube elecironic key
operated with a conventional bug.

The controls are (left to right] weight of keying. dot-dash ratio, and

speed. The on-off switch is also actuated by the knob in the center.

Using only one dual-function tube, this new circuit

is simple yet comes close to being the ideal key.

7. The three controls: speed, dot-
dash ratio, and weight of keying, must
be independent of one another. For
example, a change in the speed set-
ting must not change the dot-dash
ratio nor the weight of keying.

8. The circuit must be electrically
and mechanically stable and rugged.
For example, the circuit must be op-
erative from a power source having
poor voltage regulation. Variations
in tube characteristics must not affect
the operation. The circuit must be
reliable and foolproof and not require
any critical adjustments on the part
of the operator.

9. The circuit must be simple, use a

minimum nhumber = of inexpensive
components, and be conducive to
compactness of construction and

economy in construction and opera-
tion. All parts used in its construction
must be readily available.

Considering all of the stringent re-
quirements, it is not surprising that
electronic keys have not been devel-
oped to the point where they are con-
sidered as a necessary adjunct to the
average ham station. However, the
history of electronic keys has been
one of considerable progress, which
means that more and more of the re-
quirements listed have been met. The
circuit to be described herein repre-
sents, in the author’s opinion, one of
the closest approaches yet made to the
ideal electronic key.

The circuit requires only one tube,
as shown in Fig. 2. A 117L7GT tube
performs the dual function of half-
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wave rectifier and relay tube. The
screen is tied to the plate, thus mak-
ing a triode out of the beam tetrode
section. A voltage divider, consisting
of Rs and Rs, normally biases the tube
beyond cut-off, so that the relays RL.
and RL. in the plate circuit are nor-
mally de-energized.

When the circuit is first put into
operation, both C, and C. charge to
the full plate supply voltage (about
140 volts). When the key lever is
thrown to the dot side, two things be-
gin to happen. Condenser C. discharges
very quickly through the very low re-
sistance R:.. Simultaneously, the grid
of the tube is driven positive by virtue
of the voltage dividing action of R,
and R. plus R. (R: is negligible as
far as the grid voltage is concerned.)
As the grid is driven positive, the
plate current quickly rises to a high
value, energizing relays RL, and RL-.
Energizing RL, opens the discharge
path for C. thus permitting it to re-
charge to the plate supply voltage.
The charging current flows through
R: and R; thus maintaining the grid
voltage at a value sufficient to keep
the relays energized after RL, has op-
cned the discharge path and removed
“B--" from the voltage divider in the
grid circuit. As C. approaches full
charge, the charging current ap-
proaches zero, the grid voltage be-
comes more negative, and the plate
current approaches zero. Eventually
relay RL, becomes de-energized, thus
re-closing the discharge path. If the
key lever is still closed when RL,; be-
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comes de-energized, the cycle repeats
itself.

Relay RL. is shunted by resistors
Rw and Ru so that it becomes de-ener-
gized at a higher value of current
than RL,. Proper adjustment of R
makes RL: open at any time during
the charging period of C. thus allow-
ing the weight of keying to be varied
at will.

If the key lever is closed on the
dash side the action is similar, except
that a longer time is required to
charge €, due to its higher capaci-
tance. The purpose of resistors E.
and R, is to prevent, as far as pos-
sible, any interaction between the
voltages on C, and C.. Complete iso-
lation is impossible, of course, with
the result that the dot-dash ratio is
not entirely independent of the set-
ting of the speed control R.. As R:is
varied, the discharge time for both
C, and C: is varied, but at the slower
speeds (higher values of R.) greater
interaction occurs between C; and C.,
resulting in a slight reduction in dash-
to-dot ratio. The interaction could be
completely eliminated by using en-
tirely independent charging paths for
Cy and C: but this would require a
ganged potentiometer for speed con-
trol as well as an additional tube.
Variation in R. changes the charging
time for C, thus varying the dash-dot
ratio. The purpose of R: is to prevent
excessive grid current being drawn by
the tube and upsetting the charging
characteristics of C; and C..

The circuit shown meets require-
ments 1, 2, 3, 4, 5, 6, 8 and 9 very sat-
isfactorily. The only requirement
which leaves anything to be desired is
number 7, which states that the three
controls; speed. dot-dash ratio, and
weight of keying, must be independ-
ent. The speed and dot-dash ratio
are independent of the weight of key-
ing control, but the dot-dash ratio and
weight of keying vary slightly with a
change in speed. However, if the
speed is not varied over a ratio great-
er than about 2% to 1, the change in
dot-dash ratio and weight of keying
is small. This encompasses the nor-
mal range of about 12 to 30 w.p.m., so
that only when changing from a very
low to a very high speed, or vice
versa, will any readjustment of the
other two controls be necessary.

The circuit shown is very insensi-
tive to changes in plate supply volt-
age. For example, a variation from
90 volts to 300 volts affects the op-
cration of the circuit only slightly.

Fig. 1 is a photograph of a unit
built using the circuit diagram of
Fig. 2. All of the components except
_ the tube are mounted beneath the
chassis. The line switch and the dot-
dash ratio control are on the same
shaft. In order to avoid the necessity
of building a lever system, an or-
dinary mechanical bug was modified
to scrve the purpose. This has the
additional advantage of permitting
the key to be placed in the regular
operating position and the controls
placed in the most convenient position
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all RATIO
DASH iy CONTROL
KEY

DoT

TO TRANSMITTER

.......

o
«
>
=
R8E
3= *R7 )
st 2
-0 e 3 SPEED
CONTROL _|

——

WEIGHT
OF KEYING
CONTROL

Ry, R+—150,000 ohm, V4 w. res.
R.—200,000 ohm pot.

R,—500 ohm, V5 w. ves.
R:—100,000 ohm, Y, w. res.
Ri—250,000 ohm, V5 w. res.
R;—2 megohm pot.

Rg—3000 ohm, 5 w. res.
R,—7000 ohm, 5 w. res.
R1o—50,000 ohm pot.

Ry1—10,000 ohm, V5 w. res.

Ci—.2 ufd., 400 ». cond.

Co—.05 pfd., 400 ». cond.

C.—40 ufd., 150 ». elec. cond.

RL,—12,000 ohm, sensitive telephone-type
relay, normally-closed

RL,—8500 ohm, sensitive relay, normally-open

S+ —S.p.sd. sw.

Vi—117L7/M7GT tube

Fig. 2. Complete schematic diagram for building the electronic keying unit.

for adjustment with the other hand.
The only modification necessary was
removal of the weight from the vibra-
tor, adjustment of the dot contacts to
provide positive closure without vi-
bration, and removal of the connec-
tion between the dot and dash con-
tacts. A three-conductor cable con- "’
nects the key to the chassis. The only
disadvantage to this arrangement is
that the key is at line potential and
represents a hazard to the operator.
Enclosure of the key is recommended
in order to eliminate this hazard.
The large relay, shown in Fig. 3, is
a telephone-type which is available on

the surplus market for less than a
dollar. This unit, RL, on the diagram,
should be duplicated for best results.
The coil resistance of this relay is
12,000 ohms and closes at 3% ma. and
opens at 2 ma. The small relay RL.,
is a sensitive 8500 ohm unit. This re-
lay is not critical and other units hav-
ing approximately the small coil re-
sistance and sensitivity could have
been used. The closing current should
be no greater than about 3 or 4 ma. A
d.p.s.t. relay, used for RL., would per-
mit keying a monitoring oscillator si-
multaneously with the transmitter.

—30-

Fig. 3. Placement of parts is not critical as this under-chassis view shows.
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ADD A NOINE
LOCALIZER CIR SUIT

By

WILLIAM A. TRETTER

Technical Institute
Temple University

All components—resistors, coils, tubes, ete.—can

be checked without removing them from the circuit.

P NHE addition of a few compo-

nents to the input circuit of the
- - signal tracer will make it a
more versatile instrument. Of the
number of additional uses to which
it can be put, two important ones are:
It will localize the source of noise in
a “cold” set; secondly, it can also be
used as a very high resistance ohm-
meter.

Some of the checks include locating
noisy and microphonic tubes, noisy
variable and fixed condensers, noisy
coils and transformers, noisy variable
and fixed resistors, and noise caused
by leakage across tube sockets and
terminal boards, etc. All of the above
listed tests are made with no power
applied to the receiver under test.

A study of the circuit shown in Fig.
1 shows how the input circuit of the
signal tracer is wired to accommodate
the additional components. A three
position switch selects the proper volt-
age for either a.c. receivers or a.c./
d.c. sets. In the “off’ position the
signal tracer is used for its normal
functions. The 150 volt tap is used

41

. input condenser.

when checking receivers employing
only 150 volt components. The zero
to one milliammeter is optional since
plug-in jacks can be used to accommo-
date the shop instrument thus saving
the cost of another meter.

The test lead is merely a short
length of shielded cable with the outer
shield grounded to the chassis of the
signal tracer. When making checks
with the noise localizer, this test lead
is substituted for the standard signal
tracer probe that usually incorporates
a fixed germanium crystal.

After the circuit additions have
been made, apply power to the signal
tracer. As soon as plate voltage is
present- the meter will deflect to full
scale and then immediately drop back
to zero after the input condenser
is fully charged. Shorting the test
leads will cause the meter to read full
scale or one milliampere, and at the
same instant a very loud *“click” will
be heard in the loudspeaker of the
signal tracer. This loud “click” is
caused by the sudden discharge of the
When the leads

“To Your Signal

Tracer

Noise localizer being used to locate source of noise
in a.c.-d.c, receiver.
“180-volt” position to prevent damage to low voltage
components.
to top of standard insulated prod held by techni-
cian. Lead shown clipped to receiver has other end
connected to shielded cable of test leads.
tracer probe can be seen at right of unit’s cabinet.

The d.c. selector switch is in

“Hot” lead of test probe is connected

A signal

are again separated, another click
will be heard as this condenser again
begins to charge.

What makes this method so effec-
tive is the fact that normal voltage is
applied to the circuit under investi-
gation and current flows if the circuit
has continuity. Should any momen-
tary open, short, or arc-over occur,
it will be heard in the loudspeaker as
a loud crackle or hiss.

The service technician should be
familiar with normal leakage found
in all types of condensers. Mica con-
densers have leakage so small that it
can barely be detected with the aver-
age ohmmeter. With this method,
however, it is possible to detect the
slightest amount of leakage present
in all high gain amplifier and televi-
sion circuits.

After the standard signal tracer
probe has failed to locate the source
of noise, the receiver is turned off and
the power plug disconnected. The se-
lector switch on the signal tracer is
then set to the proper voltage tap,
depending on whether the receiver is
a.c./d.c. or an a.c. set employing a
power transformer. Connect the outer
shield or clip lead to the “B plus”
terminal in the set. The probe is then
momentarily connected to the plates
and screen grids of the tubes. If a
loud clean click is heard at each in-
stant of contact, the circuit has con-
tinuity. The meter will be a more
definite indication of this and at the
same time will measure any resist-
ance present. Circuit components

should be tapped and “jiggled” before
RADIO & TELEVISION NEWS
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moving the probe to the next check
point.

If, while checking one of the de-
scribed circuits, a crackling or hissing
sound is heard in the loudspeaker, it
indicates that one of the parts is de-
fective. Leave the clip lead connected
and move the probe along the circuit
towards this clip lead. As the probe
is moved across solder joints. dropping
resistors. and other circuit compo-
nents. the noise may get louder and
at “some point may disappear com-
pletely. This indicates that the noisy
component is no longer between the
two test lcads. The procedure now is
to move the probe back to the last
point where the noise was heard, and
then move the clip lead towards the
probe. The disturbance will be loud-
est when the noisy component is di-
rectly between the two test lcads.
Regardless of whether it is a defec-
tive resistor, coil, or poor contact, it
will create a terrific noise in the sig-
nal tracer loudspeaker.

This same procedure is followed
when checking grid and cathode cir-
cuits. The clip lead is left connected
to the receiver chassis or *“B minus,”
while the other probe is momentarily
connected to the grids, cathodes, and
other elements that normally return
to “B minus.” Should a noisy com-
ponent be present in the circuit, move
one test lecad along the circuit towards
the other until the disturbance is
loudest.

Checks for microphonic and noisy
tubes are made with the tubes *‘cold.”
The test lecads arc connected across
two adjacent clements at the base
pins and the tube is gently tapped.
Even “good”’ tubes may show up as
slightly microphonic under this test.
I{ several good tubes are compared
with one that is known to be noisy,
the difference can be noted and used
for future reference. Since the tubes
are ‘“‘cold” in the set they cannot am-
plify the noise and transmit it to
other stages.

An inspection of the noise localizer
circuit will show that at no time can
more than one mil of eurrent flow
between the test leads so there is no
danger of excessive current through
a circuit under test. The only pre-
caution that necd be taken is to dis-
charge all large condensers after con-
necting the test probes. The d.c. volt-
age selector switch must be in the
“off”’ position when tracing a signal
through the set with the signal tracer
‘probe, otherwise damage to the crys-
tal may result. The input condenser
in Fig. 1 must be wired into the cir-
cuit if the signal tracer input does
not have one. Any value around .01
ufd. mica rated at 600 volts will do.

Noisy tuning condensers, whether
caused by poor rotor contact or by
intermittent shorts between rotor and
stator, can be located casily. An in-
termittent short also shows up as a
small arc as the tuning condenser is
rotated, whereas a noisy rotor will
result in a scraping sound in the loud-
speaker.
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Arc-over inside a broken carbon or
wirewound resistor is usually a diffi-
cult fault to track down with an ordi-
nary ohmmeter or the signal tracer
diode probe. The ohmmeter fails be-
cause of the low voltage employed,
and the signal tracer will detect noise
at several points in the receiver. The
noise localizer will find the trouble in
nine out of ten cases where other
methods fail.

Transformers and coils are tested
by using the same procedure described
earlier. Intermittent shorts and arc-
over will be audible as a loud hiss or
crackling in the signal tracer speaker.
Noisy multiband, phono, and tone se-
lector switches can be checked in the
same manner. Dirt and corrosion can
cause noise in any of the circuits con-
nected to the selector switches. Here,
too, poor contact will show up as a
“hiss” or crackling in the loudspeaker.

Should any feedback or motorboat-
ing occur when the volume is turned
up full, it can be eliminated by adding
two .5 ufd. condensers between the 150
volt tap, the 250 volt tap, and ground.
But it will seldom be necessary to
operate the noise localizer at full
volume.

The variable resistor, shown as the
“zero adjust” in Fig. 1, may be re-
quired to compensate for variations
in power supply voltages. It is ad-
justed for one milliampere or full
scale deflection after the warm-up
period. If the supply voltage maxi-
mum is around 150 volts, the 125,000
ohm resistor is not required. The
lower voltage will reduce the high re-
sistance range of the ohmmeter some-
what.

An instrument of this type is not
intended to replace the regular signal
tracing techniques. Rather it is an ad-
junct to aid in the difficult cases which

Over-all view of the noise localizer.

SHIELDED CABLE |

B +150Vv.
1202
PLUG IN POV -1
JACKS ¢
cup =TT e
LEAD o-1 ‘V:?:
«——prose A

Fig. 1. Wiring diagram of the input circuit
found in the average signal tracer and the
additional components required when the
noise localizer is incorporated. When the
selector switch is in position “B” or “C”
the noise localizer circuit is turned on.
The cable shown is substituted for the
standard signal tracer probe when the
noise localizer circuit is in operation.

can not be located by conventional
means.

It is essential that the parts used
in the localizer be of good quality to
prevent erroneous conclusions caused
by noisy parts in the instrument it-
self. It would be rather foolish to
add to the existing receiver faults.

If it is desired, the meter scale may
be calibrated to read directly in ohms,
increasing the versatility of the in-
strument. If a 250 volt plate supply
is available, a maximum range of five
megohms may be obtained. Resistors
of known value may be used for cal-
ibration.

The small cost of the parts needed
to add the noise localizer is a good
investment and will pay high divi-
dends in time saved. Wear on other
equipment is also reduced since now
a signal tracer, ohmmeter, and noise
localizer are incorporated into one

unit. —30—

All parts are mounted inside of the

cabinet. Holes are drilled along the top and bottom of the rear panel to pro-
vide the required ventilation. The circuit used is similar to the one described
in the October 1949 issue of RADIO & TELEVISION NEWS in the article A
Signal Tracer at Minimum Cost.” The only changes are the addition of the
noise localizer circuit and substitution of a 6SN7GT for the two 6]S tubes.

WwwWwW americanradiohistorv com
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DUAL-INPUT

TAPEREQOR',

LTHOUGH in general use for
f only a few years, tape record-
- ing is rapidly supplanting
nearly every other type of high qual-
ity recording media, even the popular
phonograph record often being a copy
of a tape master recording. Even
after a comparatively short period of
development, tape represents the
highest quality recording technique
known, with machines having a range
of sixty decibels, low distortion, and
excellent frequency response to above
fifteen thousand cycles being avail-
able from a number of manufacturers.
The comparatively excellent quality
and low operating cost of relatively
inexpensive tape mechanisms have
led manufacturers to offer a number
of low cost tape machines to the pub-
lic. The purchaser who wishes to use
one of these machines for high quali-
ty recording and playback is usually
faced with several limitations brought
about by the necessity for economy in
the design of the machine. The first
of these is wusually an inadequate
power output stage and loudspeaker,
making an additional power amplifier
and speaker system desirable. When
this adjustment is made two other
factors may become noticeable: an
unpleasantly high noise level, usually
hum, and deficiencies in frequency
response at both very high and low
frequencies, both of which are not too
noticeable when limited range equip-
ment is used. Noise may originate in
two places, in the amplifier system,
where the conventional procedures of
decoupling, shielding, elimination of
ground loops, etc., may be used, or
due to electromagnetic coupling be-
tween the motor or power transform-
er and the tape playback head, hum
may be introduced at this point and
may often be reduced by the use of
soft iron as magnetic shielding.
Several other drawbacks that might
be mentioned are the usual absence of
provision for mixing the inputs from
more than one microphone and the
lack of adequate monitoring and vol-
ume level indicator facilities. In
many recorders the only level indi-
cator is of the neon bulb type which
is often difficult to interpret and may
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Over-all view of the auxiliary input unit used in conjunction with tape recorder.

Features high gain inputs, equalizer for 7.5"” tape

speed and outputs for monitoring and volume meter.

suffer from a tendency to drift, with
consequent over or under recording.

The experimenter who has obtained
one of the several inexpensive tape
machines now on the market may
find it convenient to construct an
auxiliary input system such as the
unit shown in the accompanying
schematic and photograph. This am-
plifier includes two high gain inputs,
separately controlled, an equalizer
for the 7.5 inch tape speed, and a sep-
arate output stage for monitoring and
v.u. meter. Intended primarily to ex-
tend the range and usefulness of a
conventional tape machine, it should
likewise make an excellent unit for
the reader who wishes to assemble
his own complete system for use with
a high quality amplifier speaker com-
bination.

Several features are incorporated
in this amplifier design that are
worthy of note. One in particular is
the use of 100,000 ohm volume con-
trols in the mixer stage. This can be
very important from the standpoint
of maintaining uniform high frequen-
¢y response at all settings of the con-
trol. Due to the input capacity of the
tube as well as stray capacity to
ground, the conventional five hundred
thousand ohm pot may act as a low-
pass filter at mid-setting where there
is a resistance of 250,000 ohms in se-
ries with the grid of the following
tube. In the circuit shown, this re-
sulted in more than ten db. attenua-
tion at ten thousand cycles even
though very short leads and no shield-
ing were used. Use of lower imped-
ance controls tends to minimize this

www americanradiohistorv com

effect although larger coupling con-
densers must be used to prevent low
frequency attenuation.

It will be noted that the two plates
of the 6SL7 mixer tube are isolated
from each other by 100,000 ohm re-
sistors rather than tied together as is
often the practice. This is done to
prevent serious intermodulation dis-
tortion which may be caused when
both channels are used simultaneous-
ly, as it reduces the effect of the plate
circuit of one half of the tube, acting
as a widely varying load upon the
other one.

The equalizer circuit (R, Cs R,
C: and 8:) produces ten decibels boost
at fifty cycles and approximately nine
db. boost at ten thousand c.p.s., with
the point of minimum boost being be-
tween fifteen hundred and two thou-
sand cycles, thereby closely matching
the characteristics needed for a tape
speed of seven and one half inches.
When used during both record and
playback cycles, this gives an equiva-
lent equalization of approximately
twenty decibels at both ends of the
audio range. If a constant current
recording characteristic is used with
a recording head such as the Shure
TRS5, this amount of equalization
should give over-all response flat
within a few decibels from fifty to ten
thousand c.p.s. at the 7.5 inch tape
speed.

Inasmuch as the system may be re-
quired to amplify input signals as low
as a few hundred microvolts, it is nec-
essary to reduce the noise level in the
amplifier as much as possible. It will
be noticed that a potentiometer with

RADIO & TELEVISION NEWS
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the center tap grounded is placed
across the filament supply. This is
often useful in minimizing hum pick-
up when a high impedance input, such
as a crystal microphone, is used, and
should be adjusted for minimum hum
under these conditions. Likewise, it
is desirable to use a separate ground
system such as shown in the schema-
tic, as this is often of considerable
importance, particularly around the
input stage where it is usually desir-
able to isolate the input jack from
the chassis. By following thcsc prac-
tices the hum level of the unit built
by the author was very low, even
though a.c. was used on all filaments.
Resistance-capacitance filtering was
used in the circuit in order to prevent
possible coupling betwecn the magnet-
ic field of the power transformer and
a choke, with resultant induced hum.

A ninety mil power transformer
was used in the amplifier constructed
by the author in order to have avail-
able power for an external bias oscil-
lator or audio power stage, however
for the circuit shown this could ecasily
be reduced to forty mils. Due to the
relatively light loading of the power
supply by the voltage amplifier stages
alone, care should be taken that the
voltage at the cathode of the rectifier
does not exceed a safe value with re-
gard to the filter condenser at this
peint.

In operation the auxiliary amplifier
is intended to be used to drive the
stage of a conventional recorder
which drives the recording head. This
can usually be done with a minimum
of rewiring or circuit alteration. A
closed circuit jack installed on the
recorder chassis makes a very con-
venient arrangement as the recorder
may then be used either with its self-
contained amplifier or, by plugging in,
with the external amplifier system.
If desired, the output stage of the
auxiliary amplifier may be used to
directly drive a high impedance re-
cording head, such as the Shure TR5
dual track or Indiana Steel single
track, through a suitable series re-
sistance. When used in conjunction
with a bias oscillator tape transport
mechanism, and high quality ampli-
fiecr for playback, this arrangement
should be well suited for those who
wish to assemble their own systems.
If desired, more than two input chan-
nels can be incorporated, and the de-
sign may be modified easily to provide
two entirely separate channels for
dual track binaural recording or the
simultancous reproduction of two sep-
arate programs.

As the ultimate quality of the re-
production will depend to a great ex-
tent upon the original input signal,
the choice of a microphone is of con-
siderable importance. For some rea-
son or another, little is said about the
advantages of crystal microphones
other than that they are inexpensive
and possess a relatively high output
level. Due to the fact that dynamic
or ribbon microphones are almost in-
variably used in broadcast work, the

Oe¢tober, 19350

misconceptien that these types have
inherently superior fidelity has gained
ground. The widespread use of mag-
netic microphones can Dbe traced
largely to a number of other factors.
One of the most important is the fact
that they are low impedance devices
that can be used with long cables and
complicated switching and mixing ar-
rangements without fear of hum pick-
up. With regard to actual fidelity,
the magnetic microphone is subject
to a number of serious distortions,
particularly nonlinearity and poor
transient response (especially in the
case of ribbon microphones) as well as
a number of other factors. These
distortions are sometimes considered
valuable by the broadcast engineer
for reasons that will be noted later.

The crystal microphone is a sensi-
tive, highly damped, pressure oper-
ated transducer capable of remark-
ably good linearity over a very wide
dynamic range as well as excellent
transient response. Similarly, excel-
lent units may be purchased with
good frequency response from below
thirty c.p.s. to above ten Kilocycles.
While these qualities imply superior
fidelity, they bring up several inter-
esting problems in reproduction. Most
important of these is the fact that the
associated equipment used to trans-
late the electrical output of the mi-
crophone back into acoustic energy
may have defects or limitations that
are accentuated by the wide range
input.

An example of the foregoing that is
of considerable importance in broad-
cast and other work where a maxi-
mum output level must be obtained
whenever practical, is the relation-
ship between the peak amplitudes and
the average power contained in such
complex sounds as speech or music.
This relationship is wusually deter-
mined by the type and complexity of
the original sound and the fidelity of
the microphone and associated equip-
ment. With conventional broadcast
equipment this ratio is approximately
ten decibels, meaning that to obtain
an average output of one watt an
amplifier with undistorted sine wave
capabilities of ten watts must be used.
Limited frequency response, nonline-
arity, and poor transient response all
tend to lower this ratio. On the other
hand, the author’s experiments with
crystal microphones have indicated
that due to superior transient and
complex wave characteristics, a ratio
of peak-to-average power of fifteen
or twenty decibels may be required
for undistorted reproduction. These
results tend to approximate some of
those found by experimenters in the
new, ultra-wide range, miniature con-
denser microphones.

The implications of the differences
between peak and average power ra-
tios are of considerable importance.
Assuming an increase of six db. in the
ratio by the use of accurate wide
range mike pickup, this will mean

(Continued on page 114)

Schematic of audio amplifier. It will drive any high impedance recording head.
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used as « voltage divider in
place of resistors Ry; and R
This would provide means of
adjusting for proper deflection
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for any type of output meter.
For best results, the output of
transformer T, should be loaded
with 500 ohm, 1 w. res.

Ry, R.~—5 megohm, V5 w. res.
Rs, R;, Ry, Ri—1500 ohm, V5 w. res.
R;, Ry, Rs, Ro, Ryg, Ry1, Rig—100,000 ohm, Vs

W. res.
R., R;,—100,000 ohm pot.
Ris, Ry, Ris—500,000 ohm, V5 w. res.
R+, Ry+—50,000 obhm, V5 w. res.
R.—2500 ohm, 10 w. res.
Rn—5000 ohm, 2 w. res.
R,,—25,000 ohm, Y5 w. res.
Ryr—40 ohm wirewound pot.
C1—100 pufd., 25 v. elec. cond.
Cy, Cy, Co—.1 pfd., 400 v. cond.
C,—25 pfd., 25 v. elec. cond.
C;—.05 ufd., 400 v. cond.

Ci—.0001 pfd., 400 v. cond.

C—.002 pfd., 400 ». cond.

C.—.05 pfd.. 400 v. cond.

Cig, Ci15 Croy Cip—10 pfd., 450 v. elec. cond.

M —V.u. meter

S1, Se—S.p.s.t. sw.

PL~~6.3 v. pilot light

T1—Output trans., 20,000 ohm pri. to 500
ohm sec.

T.—Power trans.

B 300-0-300 v. @ 40 ma.;
Sv. @ 2 amps; 6.3 v. @ 2 amps.
V—6SC7 tube
Vo—6SL7 tube
Va—6SQ7 tube

V,—6SN7 tube Vi—5Y3 tube
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R. G. MIDDLETON

Practical theory of probe design—points covered
apply to all circuits where high impedance and
frequency compensation are major requirements.

~  SCILLOSCOPES are much more
useful when provided with high-
= impedance probes, since wave-
forms may then be observed in criti~
cal circuits and high-impedance cir-
cuits without serious disturbance of
circuit function. Practical theory of
probe design is explained in this ar-
ticle, so that a probe may be designed
for any requirement.

Besides offering a high impedance
to source voltages, an oscilloscope
probe has the important property of
frequency compensation. Practically,
this means that when a square wave
is tested with the probe, the screen
pattern will appear as in Fig. 1A with
faithful reproduction, and not as Figs.
1B and 1C.

Square waves from a suitable multi-
vibrator are particularly convenient
for adjusting scope probes; this is be-
cause a square wave actually is built
up of multitudes of harmonic frequen-
cies.

What has happened in the case of

Fig. 1

Ss )}
i H 9
Csl 3 Sg
INPUT TS R3 —L
H l
{A}
3 c
INPUT Re L:
{B)
Fig. 2

Figs. 1B and 1C? Nothing but fre-
quency distortion; the input network
to the scope has discriminated against
low frequencies in the first case, and
against high frequencies in the second,
but with a properly designed probe,
both waveforms may be restored to
the shape of 1A over the useful range
of the scope.
. The square-wave method of testing
is used to trim up the input circuit of
a scope by adjusting for a 100-cycle
square wave and then checking re-
sponse on a 10,000-cycle square wave.

Design factors involved are indi-
cated in Fig. 2. The input terminals
of the scope work into a circuit com-
posed of resistance and capacitance in
shunt. The blocking capacitance
shown in Fig. 2A is to be neglected,
since it is effectively a short circuit at
the frequencies of interest. The stray
wiring capacitance C, may be com-
bined with the tube input capacitance
C, to form the equivalent circuit of
Fig. 2B.

The resistance, R, is the value of the
grid leak, and may be slightly lower

www americanradiohistorv com

Oscilloscope probe. The
resistor and condenser
shown at left are mount-
ed inside probe housing.

if leakage exists between input ter-
minals, socket springs, wire insulation
and ground, or blocking condenser and
ground. This effective shunt resist-
ance may be represented by E.

Now this is evidently an input cir-
cuit which is not frequency-independ-
ent. At very high frequencies, the ef-
fective shunt capacitance Cr forms a
bypass to ground which impairs the
quality of waveform indication on the
screen of the scope, as well as detun-
ing and loading the resonant, high-
impedance circuits being tested.

This drawback is easily overcome
in scope design by using an RC probe
like that shown in Fig. 3, the electri-
cal characteristics of which compen-
sate for the deficiencies of the input
circuit. As will be demonstrated, the
series resistance R; and series capaci~
tance C: of the probe exhibit a fre-
quency characteristic which can ex-
actly correct the deficiencies of
R. and C:, the shunt parameters of the

RI
A1 g -
~ e ~
PROBE C2] 3
INPUT INPUT L 23
o—
Fig. 3

circuit. Moreover, choice of suitable
values of probe resistance and capaci-
tance transforms the input impedance
(absolute value) to a magnitude ten
times as great as that encountered
in typical practice. It can be shown
that when R.C: = R:C:, the input cir-
cuit becomes independent of frequen-
cy; in practice, this is verified by ap-
plying a square wave to the probe at
several fundamental frequencies and
(Continued on page 137)
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the home-built superhet.

BBy
. W. JONES, W6EDG

P NHE usual receiver described for

the amateur or experimenter
- - who prefers to ‘“roll his own”
resorts to plug-in coils, regenerative
if. and r.f. stages and is generally
not equipped with the refinements
of even the cheapest factory-built
job. This article will describe a
bandswitching superhet of unique

design for the amateur bands. This
receiver has good sclectivity, good
sensitivity, cxcellent reset value on

the tuning controls, and dual conver-
sion for better image rejection on
the higher frequency bands. This re-
ceiver is built in units, each unit is
complete and may be replaced or
modified without disturbing other
units of the receiver. It is not intend-
ed that anyone will use this article for
building a “Chinese Copy” of this re-
ceiver. It is felt that any amateur or
experimenter that undertakes building
a superhet recceiver of this size will
have many ideas of his own. This ar-
ticle, while detailed, will be more a
description of the circuits and idcas
used and notes on the development of
ihis receiver. The receiver described
in this article is the result of several
vears of construction and use of home-
built superheterodynes.

The first model was a conventional
type receiver with two r.f. stages, two
i.f. stages at 456 ke. and plug-in coils.
This receiver was designed for general
coverage with a bandspread tuning
condenser for the ham bands. A few
years’ use of this receiver brought out
its faults and the final model, the re-
ceiver described in this article, evolved
from use of this conventional type
receiver.

October, 1950

Basically. a tnner for

covering 7, 14, 27. and 28 mec. bands.

The first drawback of the carlier
models was the plug-in coils. To cover
all the ham bands and general cover-
age required 16 plug-in coils. Natu-
rally the plug-in coil needed was al-
ways missing and at the bottom of a
drawer. Plug-in coils are 1932 equip-
ment, no one wants to spend time and
money building a receiver and then
have to change plug-in coils.

The original receiver was built for
general coverage with a small per-
centage of overlap on each band. After
some use of the receiver it was noticed
that it was never used on any frequen-
cies but the ham bands so the general
coverage feature could have been elim-
inated. With the system of general
coverage and separate bandspread
condensers there was poor reset value
on the tuning controls which made
schedule keeping and frequency spot-
ting difficult. With the conventional
456 kc. i.f. the image rejection on ten
and eleven meters was very poor. The
frequency stability was also poor on
ten and cleven meters, being espe-
cially noticeable on c.w. signals. As
could be cxpected with 456 ke. 1.f. the
selectivity of the original model was
not very good. The earlier models
were built on a steel chassis as one
unit, which made servicing and modi-
fications difficult.

The receiver described in this article

wwWw americanradiohistorv com

the 3.4-4.2

me. band with a companion converter

BANDSWITCHING
SUPERHET for
AM BANDS

is basically a tuner operating in the
frequency range of 3.4 to 4.2 me. with
a converter (fixed tuned) ahead of it
for converting 7, 14, 27, and 28 mc.
signals into signals falling in the
range of 3.4 to 4.2 mc. The if. system
following the 3.4 to 4.2 mc. tuner is on
175 kc. with the first set of trans-
formers at critical coupling, a la
QR-5er, for good selectivity. The block
diagram shows the units and their
functions. On the block diagram is
also shown the fixed tuned converter
oscillator frequencies. In all cases the
difference frequency is used, and for
all bands the oscillator—in the fixed
tuned converter—is lower than the re-
ceived signals frequency with the ex-
ception of 7 mec. Note from the tuning
chart that the tuning for the 7 mec.
band is the reverse of the others. To
demonstrate the action of the {fixed
tuned converter a received signal [re-
quency of 14,000 kc. will be taken as
an example. With the 14,000 kc. signal
mixed with 10,450 kc., the output of
the mixer will be the sum and differ-
ence of the two signals. Since the out-
put of the 956 mixer is tuned to the
3.4 to 4.2 mc. range the sum signal will
not be present. The difference fre-
quency will be 3550 kc., when the 3.4
to 4.2 mec. tuner is tuned to 3550 kc.
the 14,000 kc. will be heard. A received
signal at the other end of the 14 mec.
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band, 14,400 kc. for instance, would
provide a difference of 3950 kc. The
14,400 ke. signal would be audible
when the tuner is set to 3950 kc. This
same theory applies to all bands ex-
cept 80 meters; the frequency of the
heterodyned signal at the input of the
3.4 to 4.2 mc. tuner being equal to the
difference belween the original re-
ceived signal frequency and the fixed
tuned converter oscillator frequency.
On 7, 14, 27, and 28 mc. the fixed tuned
converter is used as a converter but
{or the 3.5 to 4.0 mc. amateur band it is
used as an r.f. amplifier with the con-
verter oscillator disabled. Several sys-
iems of mechanical switching were
tried for connecting the antenna to
the 3.4 to 4.2 mc. tuner when tuning
ithe 80 meter amateur band but were
found impractical due to capacity in
the switch which allowed 80 meter
signals to get into the tuner when us-
ing the receiver on other bands. Since
the tuning range of the tuner is only
from 3.4 to 4.2 mc. only about 700 kc.
can be covered on each band setting.
This requires three separate band set-
tings for the entire ten meter band,
but this is not objectionable and al-
lows good bandspread on the other
bands. If the receiver tuner were de-
signed for complete coverage of the
ten meter band in 500 dial divisions it
would make the bandspread much less
on the other bands. The ten meter
band is divided so that the c.w. por-
tion is one band, the low end of the
phone band another, and the high end
of the phone portion the third band
setting. The tuning chart shows
clearly the bands and their relation.
Since this type receiver does its tun-
ing for all bands on the same fre-
quency there is a uniform rate of
frequency change per dial division on
all bands. At the bottom of the tun-
ing chart is given the kc./div. for each
section of the {uning range. This is
a good feature when someone tells
you they are going “up ten kec.”

The receiver is built in four sepa-

Complete parts list for the bandswiiching superhet ham receiver.

The 3.4 to 4.2 mc. tuner.

rate units; the fixed tuned converter,
the 34 to 4.2 mc. tuner, the i.f.-a.f.
chassis, and the foundation chassis.
The foundation unit is a 11”7 x 177 x
2” steel chassis with power supply
connections, panel, “S” meter, and
output transformer mounted on it.
Some of the controls are mounted on
the foundation chassis and others
on the individual chassis. The com-
plete schematic diagram shows loca-
tion of various parts. Building the
receiver in units makes for easy serv-
icing and also facilitates the complete
change of one section without disturb-
ing any other unit.

The converter front end uses three
956 acorn tubes. The acorn tube was
chosen for two reasons; it is easier to
usc with this type of construction be-

F g
o

OQutput i.f. can is mounted on chassis behind dial gear box.

cause its plate and grid leads come
out at opposite ends of the tube envel-
ope, and it is cheap on the sur-
plus market. The three tubes used in
the converter are all the same type
to make replacements easier. The con-
verter has no chassis, the works being
built on three uprights of aluminum
which are, in turn, held apart by the
bandswitch. One acorn tube is mounted
on each upright of aluminum; the
front tube is the r.f. tube, middle tube
the mixer, and the rear tube the fixed
tuned oscillator. The two outside up-
rights of aluminum have feet for
mounting on the foundation chassis.
The band change switch and the r.f.
stage tuning condenser are mounted
so that their shafts extend through
the front panel when the converter is

The circuit diagram appears on the opposite page.

R,—10,000 ohm, V5 w. res.
R., Ro, Ri—200 ohm, V5 w. res.
Ry—50,000 ohim, 2 w. res.
R,—150,000 ohm, V3 w. res.
R;, R., Ry, Rog—2000 ohm Vs w. res.
R,—22,000 ohm, V5 w. res.
Rm-—IU 000 ohm 5 w. res.
Rus. Ris, Ry, Riy, Ros, Ros, Ry—100,000
ohm, Vs w. res.
R;—600 ohm, 5 w, res.
RH, R3—220,000 ohm, V5 w. res.
Ry—2000 ohm, 2 w. res.
\—1 megohm pot.
Roy, Roy—500,000 ohm, Vs w. res.
R.—50,000 ohm, V5 w. res.
Ro,—50,000 ohi, 5 w. res.
R:g, Ry:—10.000 ohin wirewound pot.
Ro7. Ryo—300 ohm, V5 w. res.
R.;—4000 ohm, 1/2 w. res.
C\, C3:—350 pufd. mica cond.
Ca, C-,,, Cyy, Cop—100 ppfd. mica cond.
C,—80 pufd. mica cond.
Cs, Ci, C:, Cisy Cys, Casy Capy Cuoy Ciyy Ciz—
4-40 pufd. mica trimmer
C.—35 pufd. var. cond. (Hammarlund HF35)
Cy, Cio, Cit, Cig, Cuy, Cig, Cro, Cog, Cuny Co,
w5, Cog, Cogy Cuop Cyoy Cay—.006 pfd., 400

v. cond.
Cyy, Cio—50 ppfd. mica cond.
155 Cue, Cory Cyr—7Four-gang tuning cond.
(See text)
i Cuos, Cog—100 ppfd., (max.) trimmer

(Hammarlund APC-100)

Cyt, Ca Cus Cozp Cose
cond.
Cpo—15 pufd. mica cond.
Cy-—300 pufd. mica cond.
Cor—400 ppfd. mica cond.
C,——14U ppfd. (max.) wvar.
lund MC140-M)
C,;—1000 uufd. mica trimmer
w—Insulated hookup wire twisted together
(Sce text)
Cio. Cs3. Car, Crgy Cosy Cuny Cozy Cony Crop Cri—
.1 ufd., 400 v, cond.
31, Cor—.006 pfd. mica cond.
C,,., Cs—10 pfd., 50 v. cond.
Cs—15 pufd. var. cond. (Hammarland HF15)
C—500 ppfd. mica cond.
Cuo—200 upfd. mica cond.
Cy——4 t. insulated hookup wire around lead
from if. can to diode plate

C:o—.01 pfd., 400 v.

cond. (Hammar-

Li—10 +. #24 en. 3" long on Amphenol
Yax1%0" form

L—10 t. %24 en. V5" long, on Amphenol
3" x1%” form

Ly,—7 . #24 en. V4" long on Amphenol

347x1%” form
L—15 b %24 en. V4
as

long on same form

3
L.—19 t, #24 en. 3, long on Amphenol
347 x1%e” form
Lo—34 t. ﬁ_4 en. closewound on 1Y4" form
L—11 t. #24 en. closewound on same form
as Ly, closely coupled
Lo—10 t. #24 en, closewound on 14" form

. H#24 en. closewound on same form

. H24 en.
Ly—46 (. #24 en.

closewound on 1V4" form
closewound on same form

en. closewound on 114" form
en., closewound on same form

L, —8 t. £24 en. V5" long, tapped 14 .
from gnd. end on Amphenol 3/4”x1 m,” form

Lis—40 t. #24 en. 7g” long, on 14" form,
tapped 4 t. from gnd. end

Ji—Phone jack

Jo—Speaker jack

P,—Standoff terminal (See text)

M—0-1 ma. “S” meter

S§,—S.p. 11-pos. bandswitch (Sece text)

S>—=Shorting-type. 3-pos. (“Tone Control”)

So—S.p.s.te sw., (“AVC-Manual” )

§,—S.p.s.t. toggle sw. (“Speaker”)
Ty, Ty, Ts, Ty—175 ke, if. trans. (National)
To—Oquut trans., pentode to v.c. {5000 ohm

ri.)

T,——456 kc. b.f.o. trans. padded to 175 kc.
with 500 pufd. (Cond. Cy)

Vi, Vo, Ve—29356 tube

Vs, Vi, Vo, Vig—6SK7 tube

V-—6SA7 tube

V., Vi, Vie—6J5 tube

V—6V6 tube

Vi—6HG6 tube

Note: Coils Lg through Ly
tuned forms (sec text)

are built on slug

October, 1930
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) 100 200 300 200 500
29.0 29.2 29.4 29.6 297
r T T T 1

285 28.8 29.0 29l
T T
28.0 28.3 285 286
I T T 1
27.0 27.2 27.4 27.6
f T T 1
140 14.1 14.2 14.3 14.4
F T 1
7.3 7.2 7.1 7.0
35 36 37 38 39 40
T T T T T 1

17 7 1.6 1.4 1.4
KC./DIV.

Tuning chart for the front of the superhet.

bolted to the foundation chassis. The
oscillator of the converter is fixed
tuned, and the oscillator padders are
mounted in a ring on the end of the
bandswitch assembly. The bandswitch
wiring is as simple as possible. A sys-
tem of paralleéling inductances for the
r.f. and mixer stages is used for cover-
age of all the ham bands.

The combined value of inductances
in parallel is calculated the same as
resistors in parallel and it is possible
to cover a range of 3.5 to 30 mc. with
only two inductances in each grid
circuit. The mixer stage has a fixed
trimmer for each band while the r.f.
stage trimmer is adjustable from the
front panel. The only adjustments re-
quired for changing bands are to turn
the bandswitch and adjust the r.f.
stage trimmer for maximum signal.
Tuning from one end of the band to
the other will require readjustment of
the r.f. stage trimmer but normal fre-
quency excursions will not. Fixed con-
densers could be used in the r.f. stage
but this would require broadbanding
and some inherent loss of sensitivity.

The first model of this converter used
a harmonic oscillator, that is, the os-
cillator grid circuit was on a lower
frequency and the output taken at the
fourth or fifth harmonic from a tuned
circuit in the plate of the oscillator.
The purpose of this was to get good
oscillator stability on the higher fre-
quency bands. This system did not
work, however, because of other than
the wanted harmonics appearing in
the plate circuit. These unwanted
harmonics were very weak but they
would beat with strong local signals
and cause ‘“‘ghosts” in the middle of
the band. The stability of the sys-
tem as described is very good and
there is no need for better. Ten meter
c.w. operation is a pleasure with this
receiver and not the ordeal it was
with the old conventional type re-
ceiver. No ground returns are made
to parts of the bandswitch assembly
itself, each stage has a common ground
point and these points are all tied
together. Trouble was experienced
with oscillations in the r.f. stage when
the bandswitch was used as a ground
return. Note in the photograph of the
converter that the antenna connec-
tions are right at the r.f. stage. The
antenna leads are brought in through
the side of the receiver cabinet at that
point. It is best not to run the an-
tenna leads through the receiver cabi-
net due to the possibility of the 3.4
to 4.2 mec. tuner picking up 80 meter
signals. The bandswitch is made up of
wafers of a single-pole eleven-position
shorting type bandswitch with seven
positions in use, leaving four blank
for later additions. The oscillator uses
six padders, the oscillator being dis-
abled by shorting the grid coil for
the 80 meter band when the r.f. and
mixer stages are used as bandpass
amplifiers. The output of the conver-

The if.-af. chassis. The two conirols are the bJi.o. condenser and a.d. gain control.

wWW americanradiohistory com

ter is taken from a tuned circuit in
the plate of the mixer tube. The cou-
pling between the plate and output
winding is very tight for even output
over the frequency range 3.4 to 4.2
me. The converter output inductance
is mounted directly under the fixed
tuned converter in the foundation
chassis. The output coil of the con-
verter is shielded and shielded leads
are used to reduce the possibility
of pickup of unwanted signals. Note
in the photograph the aluminum
bracket supporting the trimmer con-
denser for the r.f. stage. This support
is a strip of aluminum held to the
bandswitch assembly by the mounting
nut on the threaded shaft of the band-
switch. The ten meter band has no
trimmer for the mixer stage, the stray
capacity being sufficient to resonate
the mixer inductance to 28 mc. This
will change with individual layouts
and design and may require a trim-
mer in other models.

The 3.4 to 4.2 mc. tuner of the re-
ceiver is a two-stage r.f. amplifier,
mixer, and oscillator unit. This com-
plete tuner is built on a 11”7 x 7" x 2”
aluminum chassis. The r.f. stages are
6SKT7’'s, the mixer a 6SA7, and the
oscillator a 6J5. The four-gang tun-
ing condenser is from a BC-603 tun-
ing unit. The maximum capacity is
50 ppfd. per section with one plate
removed from the three front sections
and two plates from the double-spaced
section. These tuning units, with push-
buttons and dial, are available at sur-
plus for $2.50 and they. are better built
than some standard models costing
several times as much. Alternately,
two 50 wufd. dual minatures could be
ganged. The tuning dial, push-but-
tons, and trimmers were all stripped
off and some of the extra fittings filed
off to make a neat and well shielded
four-gang tuning unit. The coil shields
were picked up in a surplus store, four
for a dollar. They were originally used
on some low frequency inductances
and have %” diameter adjustable
slugs in them. The coils inside the
shields are five-prong, plug-in type
coils that are a holdover from an
earlier model receiver. These coils,
thanks to the fixed tuned converter,
are never plugged in or out. Having
the tuning slugs and also the trim-
mers makes it easy to obtain good
tracking over the frequency range 3.4
to 4.2 me. Good tracking for this unit
is important and the effort and time
spent to achieve it will be well spent.
The Millen type shielded coil with ad-
justable tuning slug would work as
well or probably better than the coils
used in this receiver. No matter what
type coil is used it must be well
shielded. There is no adjustable slug
for the oscillator inductance, the tun-
ing range being adjusted by the series
padder mounted inside the coil shield.
Good shielding of this tuner unit is
important for several reasons; in
keeping unwanted signals out of the
tuner when tuning the higher fre-
quency bands, in keeping harmonics of
the tuner oscillator from being heard
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through the converter front end, and
in keeping the tuner oscillator from
beating with strong signals and mix-
ing in the r.f. stage of the fixed tuned
converter. All three of these condi-
tions have been experienced with ear-
lier unshielded models. Many different
combinations of heterodyned frequen-
cies are possible with two oscillators
in one receiver. The output of the
tuner is on 175 ke., with a 175 kec. i.f.
can mounted on the tuner chassis.
This transformer is loosely coupled,
capacitively, to the input i.f. trans-
former in the i.f.-a.f. unit. The cou-
pling is about 2 or 3 ppld. of capacity
which is made up of two piecces of in-
sulated wire twisted together for half
an inch or so. This condenser is Cu
on the schematic.

The i.[.-a.f. chassis is a 9”7 x 5" x 2
aluminum unit with two i.f. stages, a
second detector-a.v.c., a b.f.o.,, and two
audio stages. The i.f. stages are on
175 ke. and the input transformer is
loosely coupled to the i.f. iransformer
in the plate circuit of the 6SAT mixer
in the tuner wunit. This coupling
capacity should be adjusted for good
selectivity. The i.f. transformers are
National 175 Kke. cans. These cans, as
supplied, were equipped with 1 meg-
ohm resistors across onc of the wind-
ings. These resistors were removed
to improve the “@” of the transformer.
The b.fo. transformer is a 456 kc.
b.fo. can padded with additional
capacity to 175 kec. One half of the
6H6 is not used, the second detector
being a conventional diode which also
supplies the a.v.c. voltage. The audio
gain control is mounted on the i.f.-a.l.
chassis and the shaft is long enough
to extend through the front panel. The
b.f.o. trimmer is also mounted on the
i.f.-a.f. chassis and is coupled to a
bearing shaflt on the {ront panel with
a flexible coupling. The i.f. gain is
external to the i.f.-a.f. chassis and the
lead to it is carried in a cable. The
standoff terminal beside the 6HS6,
visible in the photograph, is an out-
put connection across the diode load
resistor for connecting an oscilloscope
for visual alignment of the i.f. system
or for connecting a v.t.v.m. for con-
ventional alignment. The b.f.o. trim-
mer condenser has one corner of one
of the rotor plates turned down so
that when completely meshed it shorts
and disables the heat oscillator. The
output transformer, a small pentode-
to-voice coil job, is mounted external
to the i.f.-a.f. chassis on the founda-
tion chassis. Note in the schematic
the switch, S.. This “Tone Control”
has been found valuable in cutting
down the annoying heterodynes from
adjacent channel stations.

The “S” meter is in a bridge cir-
cuit in the plates of the two i.f. stages,
these are the only stages biased with
the a.v.c. system. Using a bridge type
circuit for the “S” meter enables us
to use an ordinary 0-1 ma. meter.
The dial is a National NPW-O type
with gear box. This dial is, in my
opinion, the best on the market for
ham receiver use and well worth its

"
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Assembled view of the fixed tuned converter.
mounting the oscillator padders in a ring on the end of the receiver’'s bandswitch.

%9.00 net price. In choosing a dial
for your home-brewed receiver it is
well to remember that the dial will
get more physical use than any other
control on the receiver and a cheap
dial can spoil the operation of an
otherwise excellent receiver. The
calibration chart is mounted directly
under the dial; it is mounted behind
a piece of lucite which is held on with
four small machine screws. The tun-
ing chart, like the plug-in coils, was
always missing when needed before
it was mounted on the receiver panel.
The panel is a standard size 19”7 x 83"
aluminum panel painted with a light
gray enamel. A cabinet is required in
a receiver of this type because of the
necessity for good shielding.

When aligning the three sections it
is best to align each unit individually
before trying them all together. The
fixed tuned converter could be used
with a separate receiver tuning from
34 to 42 mec. and all the circuits
peaked up. The oscillator of the fixed
tuned converter can be set and checked
with a general coverage receiver with
a fairly accurate dial calibration or
with a frequency meter.

The tuning range of the 3.4 to 4.2
mec. tuner is set with the series padder
in the oscillator. After the tuning
range has been set the two r.f. ampli-
fiers and mixer trimmers and slugs are
adjusted for good tracking. Some
trimming of the inductances may Dbe
necessary to get good tracking.

The if. transformers on 175 kc.
should be adjusted with a signal gen-
erator. If a sweep type signal gen-
crator is available a scope can be
connected to P, for visual alignment.
If an ordinary type signal generator is
used a v.t.v.m. may be used for indi-
cation across Pi.

The power supply for the receiver
should provide 250 wvolts d.c, well
filtered, at about 100 ma. and 6.3 volts
a.c. at 6 amps.

While voltage regulation of the
power supply is not necessary, it would
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This photograph shows the method for

TO SPEAKER OR PHONES

TO POWER SUPPLYl

3.5-4.0 mc.—Osc. Disabled

7.0-7.3 mc.—O0Osc. Freq. 11,100 ke,
14.0-14.4 mc.—Osc. Freq. 10,450 kc.
27.1-27.6 mc.—Osc. Freq. 23.500 kec.
28.0-28.6 mc.—Osc. Freq. 24,500 kec.
28.5-29.1 mc.—O0sc. Freq. 24,960 kc.
29.0-29.7 mc.—Osc. Freq. 25.500 ke.

Block diagram of the receiver. Receiver
frequency ranges with the corresponding
oscillator frequencies are also given.

be an added refinement and can easily
be accomplished with a VRI105 and
VR150 tube connected in series across
the power supply output.

The fundamental design used in this
receiver precludes the possibility of
obsolescence in the event that differ-
ent frequency coverages are wanted
for any reason. Fixed tuned convert-
ers for different frequency ranges may
be designed without the usual prob-
lems of tracking and their attendant
difficulties.

The advantage of a definite tuning
ratio saves many bandspread calcula-
tions.

Is this the final model? No, I'm
thinking now, not of a bigger but of a
better receiver. It would make a nice
receiver with miniature tubes all the
way through, crystals for the fixed
tuned converter, and some other re-
finements. Perhaps gang tuning of the
fixed tuned converter r.f. and mixer
stages with the 3.4 to 4.2 mec. tuner,
maybe even the same or better sensi-
tivity in half the space with some of
these new smaller components. One
thing I'm convinced of; I have the
right idea for tuning and bandswitch-
ing and the future models will be the
same basic circuit as this receiver.
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“TWO-CHANNEL TV YAGI DESIGN

By
G. N. CARMICHAEL

Chief Eng., Trioc Manufacturing Co.

New design provides good co-channel
(4 and 5) operation in fringe areas.

Single Yagi bay. Trio’s Model
445 provides 10 db. gain over
entire range from Channel 4
through 5. Frontto-back ratio
is over 20 db. for total range.
New design provides four-
element Yagi performance
from a single bay antenna.

© "T IS generally conceded that the

Yagi antenna offers the best pos-
- - sibilities for TV reception in fringe
areas. The characteristics of this
type of antenna—high gain, sharp lobe
pattern together with high front-to-
back ratio, and low vertical wave an-
gle response—combine to produce the
necessary qualifications for a TV aeri-
al for low signal level areas. How-
ever, the increasing number of chan-

Fig. 1. Voltage patterns on Channels 4 and 5.
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nels available in many fringe areas
has made installations of Yagi bays
for each channel prohibitive because
of cost and difficulty of installation. It
is natural to consider the possibility
of one bay having sufficiently broad
frequency response to cover two adja-
cent channels. Experiments in tun-
ing the elements to obtain this result
are not too promising. Since the func-
tioning of the parasitic elements of a
Yagi antenna are dependent on dimen-
sions and spacing to provide the prop-
er phasing, it is not possible to have
characteristic parasitic behavior over
a .range of frequencies which is any
considerable percentage of the funda-
mental frequency.

The attempt to obtain adjacent
channel operation of a single antenna
bay is more difficult on Channels 4 and
5 because of the frequencies, 66-72 mc.
for Channel 4 and 76-82 mc. for Chan-
nel 5. The fact that there is a break
between these two channels means
that a total range of 16 mc. must be
covered, nearly 25% of the lowest
frequency.
does not exist on other adjacent chan-
nels, and considerable success can be
obtained on the high channels by a
compromise tuning of the parasitic
elements, it is on Channels 4 and 5
that the problem is most acute.

On the basis of the present alloca-
tions, which represent the situation as

i~ i3
i gl
I§ 1F
Hi_ it
s

Although this difficulty"

Offset stacked Yagi array. This Trio
Model 645, for use with voltage phas-
ing control, provides maximum rejec-
tion of the back signal as well as
high gain in the forward direction.

it will exist until after the freeze is
lifted, there are now or will be in
operation a total of 109 stations. Of
this number, Channel 4 will contribute
28 stations and Channel 5 will have
18. That is, 46 of the 109 stations will
be in operation on these two channels.
For this reason, a further study of a
single antenna bay for Channels 4 and
5 seems very much worthwhile.

A design was finally worked out on
a basis which represents a new depar-
ture in parasitic antennas. In final
form, the antenna consists of four
elements whose functioning is differ-
ent on the two channels. On Channel
4, the elements act as reflector, dipole,
director, director, in that order; while
on Channel 5, the same elements act
as reflector, reflector, dipole, and di-
rector. In order to understand the
possibility of such action, it should be
remembered that the parasitic ele-
ments obtain their effect by the re-
radiated and induced voltages which
combine with proper phase relation
in the active element and are deliv-
ered by the active element to the feed-
line. However, the active element,
even at maximum efficiency, delivers
only 509 of this voltage to the feed-
line. The remaining energy is, in large
part, re-radiated. That is, an active
element has some of the necessary
characteristics of a parasitic element.

Final design was largely experimen-
tal, since there were no previous re-
sults on which to compute dimensions
and spacing.

Fig. 5 shows the layout, dimensions,
and spacing of the antenna. No con-
structional details are given since
those will be a matter of personal
preference. It is not necessary that
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Fig. 2. Voltage gain over reference dipoles.

any of the elements be insulated from
the boom except the center elements
of the folded dipoles. These folded
dipoles are critical as to element size
and spacing, since the impedance step-
up depends on the relative diameters
and spacing. They consist of an ac-
tive element of 3" o. d. paralleled by
two elements of %" o. d. each spaced
1%" center-to-center from the active
element. The %" active element is, of
course, the active dipole and is broken
at the center with a 1%” gap with
the phasing strips connected at these
points. The phasing strip is of 300
ohm twin-lead, transposed between
the dipoles and with the feedline
taken off 7%"” from the point of at-
tachment to the longer dipole.

Fig. 1 shows voltage lobes for chan-
nels 4 and 5. It should be noted that
these patterns are typical Yagi pat-
terns. The front-to-back ratio is not
quite as high as can be obtained from
a single channel four-element Yagi
tuned for maximum front-to-back, but
remains above 20 db. from the video
carrier of Channel 4 through the
sound carrier frequency of Channel 5.
Fig. 2 shows voltage gain plotted
against two reference dipoles, one for
Channel 4 and one for Channel 5. Both
Fig. 1 and Fig. 2 were obtained from
received signals from stations at least
90 miles distant. It is the author’s
feeling that such data obtained from
locally generated signals is practically
valueless since it does not take into
account the vertical wave angle in-
volved in reception of distant sta-
tions.

Since the number of stations on
Channels 4 and 5 is so large, there is
another problem of increasing impor-
tance in fringe areas, that of co-chan-
nel interference. For example, at the
author’s home, in west central Illinois,
the following stations create a difficult
situation: KSD-TV Channel 5, 92 miles
south, 20 degrees east; WOC-TV Chan-
nel 5, 125 miles north; WNBQ@ Chan-
nel 5, 240 miles northeast; WHBF-TV
Channel 4, 125 miles north; WBKB
Channel 4, 240 miles northeast; and
WDAF-TV Channel 4, 240 miles west.
No conventional antenna has provided
a solution to the interference existing
on these channels. However, another
approach to the problem has provided
a means of reception.

Fig. 3 shows two of the antenna
bays just described installed in such a
way that a wavefront will intercept
the two bays with a phase difference.
For a signal from a forward direction,

October, 1950

this phase difference will be of the
order of 90 degrees with the voltage
in the lower bay leading the voltage
in the upper bay. A signal from the
rear will provide a phase difference of
approximately the same amount, but
in this case, the voltage in the lower
bay will lag. With separate feedlines
brought down to the ends of a 42"
open-wire line, as in Fig. 4, and with
a variable tap on this line to provide
the exact phasing required, it is pos-
sible to obtain practically complete
suppression of the unwanted signal
while still maintaining high forward
gain for the desired signal. It may be
necessary to reverse the connections
to one end of the open-wire line to
provide the necessary phasing.

The spacings required in Fig. 3 are
67" distance between upper and lower
bays, and a total offset of 37" obtained
by mounting the upper bay 15” back
of its director, with the lower bay 15"
forward of its reflector.

An antenna embodying the prin-
ciples involved in this article is pro-
duced by Trio Manufacturing Co. of
Griggsville, I1I. In order to provide
manual control of the phasing, the
open-wire line is replaced by a fixed
inductance with a continuously vari-
able tap. This, together with a d.p.d.t.
switch for transposing one of the feed-
lines, gives complete control of the
required voltage phase.

By means of the phasing control,
the interfering signal may be ‘“tuned
out,” permitting interference-free re-
ception of the desired station. The
over-all effect of this adjustable fea-
ture is to make reception possible un-
der conditions that normally would
be unsatisfactory for enjoyable tele-
vision viewing.

Fig. 3. Offset Yagi bays to provide inde-
pendent voltages to the phasing control.

TO UPPER BAY TO LOWER BAY
}‘f 42" =|'
-—1 T | . P
e —
SET
Fig. 4. Open wire line for proper phasing.

It may be of interest to readers to
know that the author, during the de-
velopment work on this antenna  in
the summer months of 1950, logged 24
of the 39 stations then in operation on
Channels 4 and 5.

Fig, 5. Over-all dimension of Yagi antenna designed for operation on Channels 4 and 5.
REFLECTOR %8"0.D. X 85" F] .
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FOLDED DIPOLE 80" LONG (SEE TEXT) .
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¥ N HE purpose of this article is to

present a method for making a
- - sweep frequency audio oscilla-
tor other than that discussed by Glen
Southworth in his article “Build a
Sweep Frequency Audio Oscillator”
which appeared in the February 1950
issue. In Mr. Southworth’s article, a
beat frequency type of audio oscillator
is described in which the output of a
fixed frequency and a wvariable fre-
quency oscillator, both operating near
455 kc., are mixed in a non-linear de-
tector. The difference frequency thus
generated falls in the audio range.
The tank circuit of the variable os-
cillator is tuned with a fixed conden-
ser and a small variable air-dielectric
condenser, rotated by an electric
motor thus causing its output fre-
quency to vary. This changes the
difference frequency generated in the
detector throughout the audio fre-
quency range.

The same results may be obtained
more simply by making the following
modification of the Wien bridge oscil-
lator—a well-known source of very
stable audio oscillations. The fre-
quency determining component of this
type of oscillator is an RC network.
The principle of operation of the Wien
bridge oscillator may be summarized
by the statement that the phase
shifts around the circuit (see Fig. 1)
are zero at only one frequency, that
is, the frequency where the RC net-
work reactances are: R.Xci=—R.XcC.;
R,=Xc,; R.=Xc.. At this point oscil-
lations occur at a frequency Fo, de-
termined by the formula:

1 1
Fo = ———— —= =
© 27V R.C1R:C. 27R.C:
1
277ch2

It is clear from these equations that
any change in R, and R. or C, and C.

.
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Adding a Frequency
Sweeping Circuit
(0 the Wien Bridge

By HUBERT SEAR

~3

Audio Oseillator . sy

This sweep frequency circuit can be added

to any Wien bridge audio oscillator.

It is

easy to build and requires only one tube.

changes the frequency of oscillation.
The two resistances or the two ca-
pacitances must be changed together
to satisfy the reactance equations.

Sweeping of the audio frequency
spectrum would result if R, and R:

EprTor’s NoTE: A review of the advan-

tages and applications of a sweep fre-

quency audio oscillator
omitted from this text. Glen South-
worth, in_ his recent article “Build
« Sweep Frequency Audio Oscillator”
published in the February 1950 issue,
covered these points gquite thorough-
ly and readers may refer to that issue.

is purposely

were each shunted by a changing re-
sistance such as the plate resistance
of a vacuum tube. The plate resis-
tance can be changed by varying the
voltage on the vacuum tube grid. This
arrangement is indicated in Fig. 2.
A miniature tube, the type 12AU7, is
used in this circuit although a 6J6 or
other twin-triode could be used. In
this case the miniature tube was used
in order that this circuit could be
installed in a Wien bridge oscillator
which was already on hand. It is im-
portant that both triodes be in the
same envelope in order that their
characteristics, which change with the
aging of the tube, change together.
The plate voltage for this tube is
obtained from the oscillator power
supply. The grid voltage, applied
equally to both tubes, swings between
minus 20 volts and plus 5 volts, chang-
ing the plate resistance of both triodes

www americanradiohistorv com

from about several thousand meg-
ohms when the tube is cut off to about
4000 ohms when it is conducting the
maximum allowable current at this
plate voltage. The a.c. grid voltage
may be obtained by a resistor across
the 60 c.p.s. power lines, tapped to
give 25 volts peak-to-peak or 8.9 volts
r.an.s. (as read on an ordinary volt-
meter).

A convenient divider giving these
approximate voltages may be made
up of a 1250 ohm resistor in series
with a 14,150 ohm unit. The values
required are not critical and stock
values of 1200 and 15,000 ohms will be
satisfactory.

The condensers C; and C; should be
matched to within 1% by means of a
bridge. Again the exact values are
not too critical and condensers may
be paralleled to give the approximate
values specified.

Resistors R; and Rs must also be
matched to within 1% . The value re-
quired for these two resistors will be
determined, to some extent, by the re-
sistors in the Wien bridge oscillator.
When connected to the oscillator, dif-
ferent sizes of resistors may be tried
and the optimum value determined by
experiment.

The output connections shown in .
Fig. 2 are connected in parallel with
the Wien bridge oscillator’s frequency
determining circuits. The exact con-
nections will depend on the oscillator
circuit used. The series resonant cir-
cuit Rs, C. would be connected in
parallel with the equivalent series

RADIO & TELEVISION NEWS
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resonant circuit in the oscillator. The
parallel resonant circuit Rs, Cs is con-
nected in parallel with the equivalent
circuit in the oscillator. A common
ground lead is also run between the
two units.

The 20 pfd. condensers may be ob-
tained with a paper dielectric or as
electrolytics. If the latter is used,
care must be taken that the correct
polarity is observed.

The circuit may be disabled by dis-
connecting the plate voltage, thus al-
lowing the use of the audio oscillator
as originally designed. The Wien
bridge oscillator controls should be
set at the lowest frequency of the in-
strument when using the sweep tube.

Equalization of the two triodes may
be necessary with small series re-
sistors in the cathode leads. Differ-
ent types of grid waveforms allow
logarithmic or differential sweep of
the audio spectrum. These special
waveforms may be generated from the
60 cycle power line sine wave by lim-
iting, clipping, and the proper filters.

Small parts of the spectrum may be
swept by changing the extent of grid
voltage swing. Isolated regions can
be swept by clipping the peaks of the
applied sine wave with back-to-back
rectifiers, as shown in Fig 3. The
operation of this circuit is made clear
with the aid of Fig. 4 which shows
the relations of grid voltage to fre-
quency in the 12AU7 tube. If the fre-
quency range between 4 and B is to
be examined, grid voltages between C
and D must be swept. That is, the
output waveform shown in Fig. 3 is
required. It is obtained with the
biased rectifiers, Rect. and Rect..
They are in series with an adjustable
bias produced by R,-C:; and R.«C.
‘When the applied voltage is zero, a
voltage exists on the bias network
from a previous cycle. As the applied
voltage increases, Rect., acts as an
open switch as long as this voltage
does not exceed the bias. When it
does, Rect., conducts, maintaining the
applied voltage at a constant level set
by the value of the bias. The current
passed by Rect.. is used to charge C;
which will maintain the bias voltage
across the resistor. When the ap-
plied voltage falls below the bias,
Rect.s stops conducting and the ap-
plied voltage is transmitted to the
12AU7 grid exactly as it appears
across the 1250 ohm input resistor.

Fig. 1. Circuit diagram used to explain the
principle of operation of a Wien bridge
audio oscillator. See text for reference,

it i
)}‘ oUTPUT
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The same operation occurs on the
negative swing of the applied voltage
in Rect.., R, and C,. The part of the
25 volt wave that is allowed to pass
to the 12AU7 grid can be varied by
changing the bias voltage developed,
i.e.,, by changing the setting of R, and
Ri: In this manner it is possible to
obtain any asymmetrical clipped wave
which would be required. Such a wave
would be used to sweep the region
EF in Fig. 4 which requires a grid
voltage swing lying asymmetrically
about the d.c. grid bias of the 12AUT7.

Due to the slight charge and dis-
charge of the integrating RC networks
in series with the rectifiers, the clipped
wave developed is not exactly flat-
topped as shown in Fig. 3. This would
cause a change in the plate resistance
of the triodes, but it can be shown
that it does not affect the frequency
of the Wien bridge oscillator sig-
nificantly. There is a 12 per-cent
change in the 12AU7 grid voltage
when clipping above the 1 volt level
due to discharging of C, and C.. This
causes an error in output frequency of
.05 per-cent at 10,000 c.p.s. Cs and C:
discharge even less when clipping at
higher levels (only 10 per-cent when
clipping above 10 volts). Therefore, it
is clear that this circuit affects the
accuracy of the Wien bridge oscillator
in no truly significant manner.

It has now been shown that by the
application of electronic methods to
an instrument that is known for its
accuracy and reliability, the Wien
bridge audio oscillator, an increase in
the flexibility of the instrument is
achieved. In the beat frequency type
oscillator inaccuracies of output fre-
quency occur due to drifting of the
high frequency oscillators, a thing
which is avoided in the Wien bridge
oscillator. The initial zero beating,
required in the type of instrument de-
scribed by Mr. Southworth, is needed
before it is used but is avoided by the
use of the circuit described herein.
Lock-in occurs in the high frequency
beat oscillators when they are oper-
ated very close to the same frequency
in an attempt to get a very low audio
frequency beat note. Mr. Southworth
reports that this occurs when the
audio frequencies approaching 100
c.p.s. are developed and the output of
the instrument suddenly drops to zero.
Lock-in of the high frequency oscil-
lators may be minimized by special
shielding and careful electrical isola-
tion of the two oscillators. This is not
required in the Wien bridge oscillator.

When using the sweeping circuit
described here, sweeping at 60 c.p.s.,,
obviously frequencies lower than this
cannot be swept. However, it is not
necessary for the grid excitation to be
obtained from the 60 c.p.s. power lines.
Lower frequency vibrators or flasher
units used in advertising displays may
be used to produce the grid drive, thus
allowing the lower frequencies, avail-
able from the Wien bridge oscillator,
to appear in the output.

The above-mentioned features, plus
the absence of mechanical parts and
special construction, as well as the

"
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6.3 V. 8+200V.
R—14,150 ohim, V5 w. res, (see text)
Ro—1250 ohm, V5 w. res. (see text)
R;—250,000 ohm, V5 w. res.

R—820 ohm. Y5 w. res.

Rs, Re—100,000 ohm to 10 megohm, Vi w.
res. (see text)

Ci—.1 ufd., 400 ». cond.

Co—25 ufd., 25 ». elec. cond.

Cs, Cs, C:—20 pfd., 250 v. elec. cond. (see
text)

Cy, Co—.159 pfd., 200 v. cond. (sec text)

Vi—I12AU7 tube

Note: The odd valued components will have to
be obtained by combining standard resistors
or condensers, as the case may be.

Fig. 2. The frequency sweeping circuit.
This circuit may be incorporated in any
Wien bridge audio oscillator the construc-
tor may have on hand. Actually. the re-
sistance of both plates of the dual triode
vary at a predetermined rate, thus sweep-
ing the oscillator circuit of the bridge unit.
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Fig. 3. Circuit used across input of Fig. 2
if greater flexibility of sweep is desired.
Isolated regions can be swept by clipping
the peaks of the applied sine wave with
rectifiers which are connected back-to-back.

ease with which the circuit may be
added to existing equipment, recom-
mends this type of sweep frequency
audio oscillator to the radio tech-
nician or experimenter.

—B0-

Fig. 4. Curve showing the relationship
of 12AU7 grid voltage and the frequency.
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RICHARD J. BUCHAN,
WOTIF

Fig. 2. Test setup to determine booster
gain under actual receiving conditions.
The v.t.v.m. connections to TV set are
the same as those shown in Fig. 8. Tests
were made under weak signal conditions
to minimize the effects of a.g.c. Volt-
age ratio of 9.3 was average of ten tests.

$

TO ANTENNA:

3
DB.520 LOG E—z = 20 L0G 9.3 :19.3
¥
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Fig. 1. 6]6 booster built for use on Channel 5. Actual size is
4”7 x 2”7, Coils were made from salvaged slug-tuned forms.

An antenna and booster combination hacving a 38.9 db.

gain.

VER a year ago KSTP-TV, lo-
e} cated 105 airline miles north of

Bricelyn, Minnesota, started
telecasting with an antenna slightly
over 500 feet high and a power of 25
kilowatts. After studying antenna
books and experimental charts put out
by the FCC, the conclusion was
reached that a 25 microvolt signal
(except for a temperature inversion)
was about all that could be expected.
In spite of this, a small set was pur-
chased and connected up. The actual
results would tend to verify this 2.5
microvolt value; although means of
actually

The booster is compact and ecasy-to-duplicate.

combination. This figure seemed im-
possible to obtain without a massive

antenna array and a super booster.
Since then a series of boosters and
antennas have been built. All (both
the antennas and boosters) had the
typical characteristic faults. The
boosters, using 6AK5’s with tuned in-
put and output circuits, showed good
gain but little if any improvement in
signal-to-noise ratio, and the serious
fault of insufficient bandwidth which
seriously degraded the picture defini-
tion. Loading the tuned circuits did
help this situation, but resulted in loss
of badly

measuring
the signal
were not
available.
Assuming
that a 250
microvolt

EDITORS’ NOTE: In the course of prepuring
this article for publication it was suggested that
this samne Vooster could bLe used as a 2 meter
preamp. Although it has not actually been tried
in this application, «ll indications are thai this
wnit, with the proper coils, could be used for

needed gain.
Various
commercial
boosters
were tried—

signal would
be necessary
for excellent reception using a straight
dipole, it was concluded that a 40 db.
gain would have to be obtained
through a high gain antenna-booster

www americanradiohistorv com

this purpose. Theoretically, it is possi%y%ebto ob- butalllacked

tain ¢ 20 ¢b. gain at 200 me. It should be pos- .

sible to cover the 2-m. band without retuning. something.
In fact,

Some even
lowered the signal-to-noise ratio al-
though they did have good gain. The
next to the last booster built, using
two 6J4’s in cascade, did result in a
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Fig. 3. Test setup and graph showing
broadband booster response. The equa-
tion for determining db. gain is the same
as that shown in Fig. 2. The voltage E,
is obtained with the signal generator
connected directly to the FM tuner and
the output adjusted to 1 volt on the v.t.v.m.
E. is obtained with the booster in the
circuit and the FM tuner adjusted for
maximum output at each frequency.

signal-to-noise ratio improvement.
good gain, and not too seclective tun-
ing. The final booster built used a
single 6J6 in a tuned-plate, tuncd-
grid neutralized circuit. Slug-tuned
coils were used with only the tube and
stray capacitance across the tuned
circuit. This resulted in a booster
having a very good signal-to-noise
ratio, 19.3 db. gain (See Fig. 2) and
an extremely broad band as shown in
Fig. 3. 1t is indeed gratifying to
switch in the booster and watch the
snow diminish (instead of increasing
as with most boosters), the large in-
crease in picture contrast and bright-
ness, and because of the broad tuning
no degrading of the picture quality.
A further advantage is the circuit
which is completely balanced in every
respect. This results in a very definite
reduction in noise due to ignition and
other forms of electrical interference.
Circuit and construction details are
shown in Fig. 5, and a photograph of
the original booster built for Channel
5, using 3" slug-tuned forms from a
junked broadcast receiver, is shown in
Fig. 1. Since it would be difficult to
obtain coil forms such as were used
in the original boosters a third booster
was constructed using National XR
50 coil forms in order to obtain coil
data for all channels using commer-
cial type forms. Although one booster
using these forms will tune four of the
five low channels and all the high
channels, separate boosters for each
channel were built for the following
reasons:

1. It is rather slow to adjust the two
tuning slugs for each channel. This
would Dbe especially true if tuning
from Channels 3 to 6, or 7 to 13.

2. It is ecasier to adjust the tuning
with a signal generator and output
meter than with the station signal.
Lacking this ecquipment a very good
adjustment can be madc using the
station signal if a time is picked when
little fading is present.

3. Although neutralization could be
suflicient to prevent oscillation over
the entire high or low band with one
adjustment, a better signal-to-noise
ratio can be obtained by accurately

October. 19350

neutralizing the booster for each
channel. Fig. 4 shows a booster switch-
ing circuit for convenience in chang-
ing stations or cutting the booster
completely out of the circuit. It cer-
tainly enhances the entertainment
value of TV to be able to change sta-
tions without having to retune the
booster each time. This feature be-
comes even more important when
others in the family operate the set.
In the event standing waves are pres-
ent on the antenna transmission line
or the line between the booster and
the set, a definite improvement can be
made by connecting a small variable
condenser (10 to 20 pupfd. maximum
capacity) across the transmission line
at the set or booster input and adjust-
ing it for maximum gain. A simple
test for standing waves can be made
by pinching the twin lead between the
thumb and forefinger at various points
along the line. A noticeable increase
or decrease in picture brightness in-
dicates the presence of standing waves,
the magnitude being indicated by the
amount of change. If difficulty is ex-
perienced in tuning the booster or ob-
taining the gain it should have. be
sure and make this test.

The experience has been the same
in antenna building. Two three-ele-
ment arrays stacked a half-wave
apart, four two-element arrays
stacked a quarter-wave apart, four
four-element arrays stacked quarter-
wave, cubical quads, single four-ele-
ment arrays, and a few more antennas
of various types have been tried. One
thing I did learn, the antenna thcory
to be found in books does work out in
practice; and one thing in particular—
you don’t get something for nothing
(except in the last antenna built).
When a three-element parasitic array
is supposed to have a 7 db. gain, that's
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CHANNEL 4
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Fig. 4. Switching circuit used with sepa-
rate boosters for Channels 4 and 5. This
also makes an ideal setup for comparing
the actual performance of two boosters.

what it will have, and it will have to
be well built to get that. The para-
sitic arrays all had the same common
fault—tune them up for maximum
gain on the video frequency and you
get practically no sound; broadband
them to cover both sound and video
frequency and the gain starts to drop
off; build one for Channel 5 and there
will not be much pickup on Channel
4: tune them for a high front-to-back
ratio on the video frequency, and very
little front-to-back ratio on the sound
frequency; tune them for a compro-
mise front-to-back ratio and not suffi-
cient attenuation is available on either
video or sound channels to cut out a
station with equal signal strength to
the rear. The entrance of WOI, Ames.

Fig. 5. Circuit diagram and construction notes, including coil data, on the 6]6 booster.

COIL DATA USING NATIONAL XR 50 FORMS

Chan- L., L. L. L

nel
7,8,9, 1 t. #22 plastic wound 3t. #16 en.
10,11, directly over center of spaced V"
12,13 L., L
5,6 3 t. =22 en. insulated 7t. =22 en.

from L: L. by layer of spaced V"
cellophane tape. Same

spacxng as L~

3456 3t #22 en. insulated 9t. 22 en.
from L:, L. by layer of spaced 'Vis"
cellophar\e tape. Same
spacing as L:,

insulated 11t.<22en.

2,3,4 3 t. #22 en.
from L:, L. by layer of spaced '%s’
cellophane tape. me
spacing as L:, L:

Note: 46" is the entire available winding

space on the XR 50 coil form.

Ry, R.—100,000 ohm. V3 w. res.
—47 ohm, V5 w. res.

R,, R.—25,000 ohm. V> w. res.

C,. C.—Approx. 15" of #22 plastic covered
wire inserted in V4" copper tubing and con-
necting the tube plates to the coils

RFC,—#22 en. closewound on V"
1V4" winding length

L, Ll (Channel 4)—2 t. £22 plastic covered
wire closewound over L.. Ly with cellophane
tape between the two wmdmgs

L, L, (Chnnm.'l 4)—6 1t #22 en.
occupy V2" on V" slug-tuned form
274 scries surplus transmitter

L,, L, (Channel 5)—4 t. #25 en. closewound

' form,

spaced to
from

over L., L, with ccllophane tape between
the two windings

L, L. (Chnmlel 5)—13 1. £E22 en.
wound on ¥g" slug-tuned form
from junked b.c. set
ote: To neutralize. d:scmmccl the filament
and ad]usl C,, C. for minimum output. The
null is very definite. If osclllahon occurs re-
adjust. The test setup of Fig. 3 is ideal for
this adjustment. C,. C. are adjusted by
changing the distance the plastic wire is in-
serted in the copper tubing.

Tuning: Adjust L. for maximum output at
video frequencies. Adjust Ly for maximum
output at audio frcqu('ncrcs The tuning is
very broad and it may be necessary to vary
the number of turns or the spacing in order
to hit a peak.

close-
salvaged

8+
CONNEGTED TO SCREEN 3
OF TV REG Res RS
POWER TUBE 9

r
-
OUTPUT

RFC
- CONNECTED TO FILAMENTS

6.3 v. § OF TV RECEIVER POWER TUBE
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Fig. 6. Location of Bricelyn, Minn. in re-
lation to TV stations operating in area.

TWO 390 £ I WATT CARBON RESISTORS IN SERIES
FOR TERMINATING. IF FRONT TO BACK RATIO iS A
FACTOR TRY DIFFERENT VALUES FOR MAXIMUM
ATTENUATION.

8a' 8a'

[

200 FT. OPEN WIRE
TRANSMISSION LINE.
TWO NO. 14 WIRES
SPACED 2 V3",

Fig. 7. Rhombic designed for zero-wave
angle Channel 4, 5% wavelengths per leg.

Iowa, into the video field on the same
channel as WTCN (Minneapolis, Min-
nesota, Channel 4) directly in line and
the same distance to the rear really
caused trouble. The diagram in Fig.
6 illustrates the problem involved.
After a week of experimenting with a
four-element array, tuning it for max-
imum front-to-back ratio with a sig-
nal generator exciting a folded dipole
and an output meter connected across
the output of an FM tuner connected
to the four-element beam, the conclu-
sion was reached that the only solu-
tion was to build four antennas—sep-
arate arrays for picture and sound for
both Channels 4 and 5. The experi-

Fig. 8.

(A) Method of connecting v.t.v.m. to TV receiver.

ment further indicated that even then
complete suppression of WOI could not
be obtained, and anything over a 7 db.
gain would require four big separate
antennas. No attempt was made to
receive WOI. The “Laker” basket-
ball games and state basketball tour-
nament over WTCN was what I was
working for.

About this time the statement was
read in an antenna book that a rhom-
bic cut for an odd multiple of quar-
ter wavelengths to a leg had an in-
finite front-to-back ratio. A rhombic
3 and 3% wavelengths to a leg was
hastily constructed. Even though tied
to a power pole, telephone pole, top
of the house and not over a few feet
from telephone lines, it not only cut
out WOI almost completely, but had a
definite gain over the present antenna
in use. This, to me, was a surprise
since the rhombic was not over twenty
feet off the ground and the antenna
in use was a pair of three-element
beams stacked a half-wave apart and
muatched to a 300 ohm line through
an open quarter-wave matching stub
tuned for maximum gain. Further-
niore, not a ‘“Laker” basketball game
over WTCN had been missed over the
entire season with this antenna. This
whole array was 40 feet off the ground
compared to about half that for the
rhombic. Theoretically, the rhombic
should have had about the same gain
as the parasitic array if it were the
same distance off the ground. The
improvement could be attributed to
the zero wave angle for which the
rhombic was designed—a much more
favorable angle for fringe area re-
ception than can be obtained with a
parasitic array; or it could substan-
tiate the theory that in the case of
long antennas the gain in receiving
exceeds the gain in transmitting be-
cause of the large area exposed to the
signal. At any rate, the rhombic was
so successful that a permanent one
was designed 5% wavelengths to a leg
and supported by 45 foot “A frame”
masts constructed from 2x3 timbers,
24 feet in length. The results ex-
ceeded my expectations—despite the
performance of the temporary rhom-
bic. Both WTCN and KSTP were re-
ceived with equal signal strength, no
discrimination between sound and
video frequencies, no interference
from WOI except for an occasional

(B) Test setup to determine gain.

Tests were made without booster and with low signal input to minimize a.g.c. effects.
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gurgle on the sound due to the car-
rier beats, plus a 9.6 db. gain (see
Fig. 8B) over the pair of stacked
three-elements previously described.
I had always considered this antenna
to have a 10 db. gain although no ac-
tual measurements were made over a
reference dipole. Using 10 db. as a
basis, that would give the rhombic a
19.6 db. gain for receiving. There are,
of course, many variables involved,
such as the five foot difference in
height, a more favorable location for
the rhombic (an open field across the
road with a 200 foot open wire trans-
mission line) or the six-element array
may not have an dctual 10 db. gain.
For further construction details see
the article “Rhombic Antennas for
Television” by Woodrow Smith in the
October, 1949 issue of Rapio & TELE-
visiIoN NEws. Since there are good
books on rhombic design, and since
every case is different because of the
available space, actual design and
constructional details will not be dis-
cussed here. The dimensions of the
final rhombic are given in Fig. 7.
For those interested in the effect of
height, a loss of 6 db. was experienced
by lowering the antenna from 45 to
22% feet. This would tend to verify
the theory that the voltage pickup is
directly proportional to the height.

The 6J6 booster and final rhombic
antenna were completed about the
same time. The combined gain equals
38.9 db. Somewhat short of the orig-
inal goal of 40 db. but still a lot of
gain. A comparison of the reception
with the previous antennas and
booster (two 6J4’s) was indeed a rev-
elation which not only made me feel
that the year of part time experiment-
ing had not been in vain but also
prompted the writing of this article.

A record of the performance of the
antenna-booster combination has been
kept. Since what one person might
call good performance another might
call fair or even poor, I have set up
a code of standards which is used in
recording the antenna performance.
The performance record is given be-
low covering each evening from the
time the antenna was completed until
this article was in the mail.

Eaxcellent—Movie definition, perfect
sound, no fading, no snow. Reception
such as that expected in the primary
service area of the station.

Good—Slight snow, good definition,
perfect sound, some slight fading.

Fair—Some snow, fair definition,
good sound, occasional fade.

Poor—Snowy, considerable fading,
poor definition, fair sound. Still en-
tertaining (especially sporting
events).

Very poor—Not worth watching, but
still some picture and sound.

The Record: Excellent—4; Good—6;
Fair—5; Poor—2; Very Poor—1. The
“yvery poor” night occurred during a
severe sleet storm and it is believed
the lack of signal was due to ice on
the open transmission line rather
than because of a weak signal.
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Compiled by KENNETH R. BOORD

"T'S a pleasure this month to ded-

icate the IS8W Department to
- - radio in Mozambique, Portuguese
East Africa. Our thanks go to the
Internuational Monitoring Service, San
Carlos, California, for this current
data, received direct by IMS from the
station:

The Radio Club of Mozambique
transmits in both Portuguese and
English. In Portuguese, the station
operates as the Radio Club of Mozam-
bique, but for the English transmis-
sions it is called—for convenience—
Lourenco Marques Radio, explains
Frank Lamping, the director for Dav-
. enport & Meyer (Pty.) Ltd., Hendon
House, 42, Pritchard St., Johannes-
burg, South Africa, managers in the
Union of South Africa. The Portuguese
section operates on a limited commer-
cial basis, but Lourenco Marques Radic
is wholly commercial and has built up
a large listenership in the Union of
South Africa and in adjacent terri-
tories. Lowrenco Marques Radio num-
bers among its sponsors such interna-
tionally-known firms as Colgate-Palm-
olive Peet, Sterling Drugs, Chese-
brough Mfg. Company, Proctor &
Gamble, Richard Hudnut, and others.

Lourenco Marques Radio has pro-
grams in English at 2300-1100 (Sun-
days from 0000) on 11.8 (actually this
is approximately 11.764, although the
station lists it currently as 11.8) and
4.93; 1100-1600 daily on 3.49 and 4.93;
has no news bulletin. Programs con-
sist of music, dramatic shows, and so
on, with conmimetcial announcements.

Radio Club of Mozambique radiates
programs in Portugucse at 0000-0100
daily, 0400-0600 Sundays, and 0430-
0630 weekdays on 9.67 (actually, this
appears now {o Dbe approximately
9.805), 1100-1300 daily on 4.82 (actu-
ally, more recently has also been noted
on the approximately 9.805 channel to
1500 by Pearce, England), and 1100-
1300 daily on 15.200 (may be as low as
15.190 at times); news in Portuguese

is scheduled 0015 (weekdays), 0530,
1200, 1320 (weekdays), and 1450
(weekdays); other programs consist

generally of musical entertainment.
Identification for the English trans-

indicated, all time is
wid 5 hours for

in the English

(Note: Unless ofherwis
PORS Amercan E

guag to avoid confusion, (he <21
hour clock has been used in designating the {imes
of broadeasts.  The hours from midnight until
noon are shown as 0000 to 1200 while from 1
p.m. o midnight are shown as 1300 1o 2400.)

The symbol V" Jollowing a listed frequency
indicates “varying.”  The stalion may oberate
cither above or below the frequency given.
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missions usually is each quarter or
half hour—consists of four chimes fol-
lowed by the announcer saying—*“Lou-
renco Marques for Happy Listening in
the . . . meter bands from six o’clock
in the morning until eleven o’clock at
night”; the interval-signal for English
transmissions is “Sarie Marais.”

Reports are welcomed and are an-
swered by QSL cards; QRA is Radio
Club of Mozambique, P.O. Box 5%,
Lourenco Marques, Mozambique, Por-
tuguese East Africa.

Stations were listed as CR7AA, 11.8
(1177164 7?), 75 kw.; CRTAB, 3.49, 75
kw.; CRTBC, 1519, 10 kw.; CR7BU,
493, 75 kw.; CRTBE, 967 (now
9.8057), 10 kw.; CR7TBJ, 9.77, 7.5 kw.,
and CRTBV, 4.82, 7.5 kw.

Mozambique, Portuguese East
Africa, extends from Cape Delago (10°
40" south latitude) to the Union of
South Africa; to the west lies the
Union of South Africa and Rhodesia;
on the north is Tanganyika (formerly
German East Africa, but surrendered
to the British in November, 1919).
Mozambique has 297,731 square miles,
and a population (1940) of 5,085,630.

Our best wishes go to Radio Club of
Mozambique and Lourenco Marques
Radio for continued successful broad-
casting.

Radie Organizations

At my request, Arne Skoog, Stock-

holm, head of the Internuational League

of Short-Wave Hditors, has compiled
this interesting data on European
radio agencies:

“LN.R. stands for Institut National
Belge de Radiodiffusion, that is, the
Belgian National Broadcasting Corpo-
ration, which broadcasts also on short-
wave via OTC, Leopoldville, Belgian
Congo; many OTC programs are pro-
duced and recorded in Brussels, head-
quarters of I.N.R., but news, musical
programs, and ‘Amongst Friends’ are
produced in Leopoldville.

“The I.N.R., with headquarters at
18, Place Eugene Flagey, Brussels, is
a large and modern radio house, con-
sists of a French and a Flemish sec-
tion (N.I.R.), and also ‘Service Mon-
diale,” which organizes the short-wave
programs; head of that Service is
Frans Zoete, and director of the sta-
tion in Leopoldville is Leopold Le Roye.

“O.1.R. stands for Organization In-
ternationale de Radiodiffusion, which
has moved to Prague and which now
has only ‘Eastern Powers’ as mem-
bers.

“UI.R. stands for Union Interna-
tionale de Radiodiffusion, a prewar
organization in Geneva; the Technical
Center in Brussels belongs to a sep-
arate company but was then operated
by the U.LR. and later by the O.ILR.

“Now, the ‘Western Powers’ of Eu-
rope—including Sweden—have formed
a new organization—O.E.R., that is,

(Continued on page 132)

* This neat. attractive listening post, belonging to John J. Oskay, ex-W2BJZ of New Jer-
sey, is the answer to many a DX-er's dream. The equipment, from left to right, in-
cludes a Hallicrafters S-40A receiver, a Meissner Model 9-1076 crystal frequency stand-
ard for 10, 50, and 100 kc., a Cardwell BC-221Q frequency meter with a range of from

125 to 40,000 kc., a Hallicrafters SX-71

I
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receiver, with an RME DB-22A preselector.
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By
CHARLES J. HERZER,

W2CERr

No “ecnre-all®® claims are made for this tabulation

but it is a handy ithing to

NE of the greatest adventures
in ham radio is planning and

- constructing your first trans-
mitter. After carefully searching
through handbooks and back issues of
radio magazines, the rig which most
nearly fits the purpose is selected.
After many hours of construction the
little pride-and-joy is ready to put on
the air. (We hope!) The wiring is care-
fully checked and for the umteenth
time we read again the paragraph, in

Listing of some of the most common

output can vary in a bewildering num-
ber of ways. The big problem is what
to measure, how should it read and, if
it doesn’t read properly, what’'s wrong
and what can be done about it. What

have around the shack.

we need is a troubleshooting chart
like those they have in the television
service manuals whereby a person
with limited knowledge can accom-
plish a lot.

Well, chum, here’s your chart. It
makes no claim to cure all of your ills
but it’s a start anyway. It assumes
that you have the normal amount of
horse-sense and a means of measuring
the voltage and current to each elec-
trode; namely: plate, screen, and grid.
It is not possible to make up a chart

(Continued on page 106)

the article describing our rig, entitled
“Adjustment.” We are assured that
there is nothing unusual about the rig
and with ordinary precautions and ad-
justment it should work, etc, ete.
Hopefully, we look for what is meant
by “usual” and “ordinary.”

After stalling around and wading
through a lot of deep technical stuff,
which we suppose some day we may
understand, we begin to realize that
the electrode voltages and the power

transmitter faults along with the probable causes and method for correcting them.

TROUBLE

CAUSE REMEDY

Small or no dip in the plate current as the
plate tank circuit is tuned through resonance.

1. Plug in a crystal. Check for output from
the driver by noticing if there is grid current
on the amplifier without high voltage ap-
plied to the amplifier.

1. No excitation.

Plate and screen current soar to excess when

Double resonance in the plate tank circuit.
There is one setting of the condenser for dip
in the plate current and another slightly off
for maximum output.

2. Amplifier input tank not tuned to reso-
nance.

3. Overload of the stage due to parasitic
oscillation.

4. Too tightly coupled load.

2. Tune for maximum (but not over-rated)
grid current. This should occur at the dip in
the driver plate current.

3. A probable cause may be low frequency
parasitics caused by the use of r.. chokes
in both the input and output. Use series feed
in the output.

4. Ease off the coupling of the load to find
the dip while tuning. (Pentodes can’t stand
high off-resonance inputs for long.)

1. Poor voltage regulation. With a series
screen-dropping resistor the maximum screen
current and the minimum screen voltage oc-
cur at the dip in plate voltage. Since the
power output is controlled by the screen volt-
age, slightly more power output may be ob-
tained with more plate current by detuning
the tank and thus giving higher screen volt-
age.

2. Too little capacity
circuit.

in the output tank

3. Insufficient excitation.

1. If the supply voltage is so high that a
high value of screen dropping resistor (in
excess of that recommended) is needed to
get the rated screen voltage, use a system
of regulated screen supply.

2. Take off one or more turns from the coil
so that resonance is obtained using more of
the condenser. Use a Q' of 12 or more.

3. Get the recommended grid current at the
proper bias for the type of emission used.

excitation is removed.

This is normal with grid-leak bias used with-
out some additional protective bias.

Unless you enjoy.replacing tubes put in
either a moderate cathode resistor (by-
passed), bias battery, etc., which need give
only enough bias to prevent destruction of
the tube should excitation fail. With no ex-
citation ALL of the input is dissipated as
heat within the tube.

With excitation removed {(and reduced plate
and screen voltages) there are variations in
the plate current as the plate tank is tuned
over the entire range. Try this for various
settings of the input condenser.

V.h.{i. parasitics.

Note: There may be other v.h.i. parasitic cir-
cuits external to and not shown by tuning of
the tank circuits so this is not a complete test
for parasitics.

Use a v.h.{. choke right at the plate terminal
of the tube.

(10 to 15 turns or so of No. 20 on a 14 inch
dia. high value carbon resistor.)

Use 50-ohm carbon resistor at the screen and
grid pins and, most important of all, use a
common poeint for bypassing to ground.

Cannot reduce the plate current to zero using
the rated cut-off bias.

1. Very poor voltage regulation in the power -
supply.

2. Plate or screen fed through series drop-
ping resistors.

3. Bias obtained through use of a cathode
resistor. In this case there must be some cur-
rent in order to get a voltage across the
resistor.

1. Use choke input power supply with a low-

resistance choke.

2. Use more bias up to the point where you
do not exceed the rated value under opera-
tion.

3. Use a separate bias supply.

wwWw americanradiohistorv com
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TROUBLE

CAUSE

REMEDY

When th;p plate tank is tuned sliiqihtITtoEei

Difficulty in coupling power out of the plate
tank.
High harmonic output.

Too much inductance and not enough capaci-
tance in the tank circuit.

Take a turn or so off of the coil to get an
L-C ratio which will give o ""Q’" of 12 or more
as explained in handbooks.

Plate current spontaneously rises, especially
if the tube is operated at higher than rated
grid or plate dissipation.

The tube ‘‘runs away with itself.””

The grid got hot enough to emit electrons and
overcame the bias which only made it
hotter.

The tube is usually ruined. Keep within
rated values while tuning up and while in
operation.

High unloaded plate current at the dip.

With high-C tank circuits as occur with high-
output screen tubes on high frequencies (such
as using a 10 meter coil on 20) there are
high currents circulating in the unloaded
tank.

When delivering power to o load these
losses decrease and are not serious. Make
sure this is the case by checking the power
output. Use an L-C ratio for a Q" of 12 or
more.

" Poor p?ﬂormcmce as a frequency doubler or
multiplier.

L. Insufficient excitation.

2. Insufficient bias.

3. High C and low L tank circuit.

1. The efficiency of multipliers is less than
straight-through operation and more drive is
required if the same output is expected.

2. High values of negative bias distort the
wave-shape and create harmonics (in this
case desirable).

3. A high L and low C tank is best for har-
monic generation.

Excess screen current.

1. Excess excitation.

2. Light or no load on the stage. This results
in a large plate-voltage swing and with low
voltage on the plate the electrons are at-
tracted to the screen.

3. Excess screen voltage.

1. Use no more excitation than necessary to
give rated output at rated bias. With a
series screen-dropping resistor, an increase
in excitation beyond a certain point will
actually result in a decrease in output.

2. Increase the load to optimum and do not
operate the tube without load except for short
tests. Do not load much beyond the point
where further loading does not affect the
screen current as this only increases the
plate dissipation. (The plate current rises,
true, but not the power output.)

3. If the screen voltage must be higher than
rated in order to get the rated plate current
check the bias and excitation and keep
within rated values.

N {)Vhen load is applied the qridﬁ c;rrent drops
excessively.

Low rectified grid current in the driven stage
with normal input power to the driver (meas-
ured with no plate voltage on the driven
stage).

1. Insufficient excitation.

2. Excess bias.

1. Adjust coupling to driver or increase input
to the driver. (If the driver is a pentode re-
member that the output is controlled by the
screen voltage more so than the plate volt-

age.)
2, Use the rated value for the type of
emission.

1. Amplifier input tank not tuned.

2. When capacity coupling is in use between
stages there is too much or too little used.

3. The impedance of the driven grid circuit

is much different from the impedance of the
driver plate circuit.

4. Not enough driver power.

1. Use proper constants. If the driver is also
a harmonic generator favor a high L and
low C circuit, taking into account also the
inductance of the leads and the capacitance
of the tubes. The tube capacities involved
are the output capacity of the driver and the
input capacity of the amplifier.

2, Usually, increasing the capacity increases
the load on the driver but the reverse may
also give increased output.

3. With a single-ended input tank and «
grid impedance higher than the driver plate
impedance, tap the driver plate down on the
coil. If the reverse impedances are in effect
tap the grid down.

4. Use a bigger driver.

hTheiqrid curren{ in a Euttery-biased stage
falls off after a period of operation. The bias
battery still shows normal or better voltage.

Wrong value of bias voltage from a bias sup-
ply using a gaseous V-R tube.

The internal resistance of the E{tery is high
due to age (in spite of its voltage).

Replace the battery with a fresh o;e.

tube is in the circuit wrong. The glow must
be from the inner surface of the plate.

Reverse the connections to the tube. Remem- 7

ber, in this case the chassis is at the

positive potential.

Insufficient bias as measured from the cold
end of the grid choke to the chassis with grid
leak plus cathode bias.

high-frequency side of resonance there is_cx
sudden increase in output power and grid
current.

Wrong way to measure the bias in this case.

The bias is the
across the grid leak and the cathode resistor.
Add the sum of the drops across these re-
sistors while the rig is loaded.

total voltage developed o

Seli-gs—ciilation_ due to improper neutraliza-

tion.

Isolate input and output circuits. Shield the
lower portion of the tube. Neutralize.

Impossible to neutralize the stage at cmy‘set-
ting of the neutralizing condenser.

Chances are with tubes which have a low
grid-to-plate capacitance {such as BLB) the
wiring itself introduces enough capacity so
that the neutralizing condenser ‘‘over neu-
tralizes.”

Isolate the input from the output and use
short leads. Use inductive or link neutraliza-
tion.

Impossible to mcxintcxix; exact neutralization
except at resonance (usually w1t_h a split-
stator condenser and small capacity).

Wi;]:w plate current applied there are var-
iations of the rectified grid current as the out-
put tank condenser is tuned.

With tubes of high output capacity the stray
circuit capacities have more influence over
the balance of the circuit than the capacity
of the tank.

Use a coil of such inductance that a reason-
able amount of condenser is used. Don't try
to operate too many bands with one coil.

This is a gry_qood test for incomplete

neutralization.

Neutralize.

Can reduce the r.f. in the plate tank circuit
by neutralizing but cannot eliminate it.

Key clicks not traceubl; to the actual keye\r.ii

stage or keying constants.

-Mqunetic or capacity coupling between the
input and output of the tube which is ex-
ternal to the tube.

Mount the input and output coils with their

axes at right angles to each other. Shield
the input from the output. As a test, discon-
nect the output plate tank from tube and if
r.f. persists it is due to magnetic coupling.

7Instcxbility in the amplifier caused by tend-

ency toward self oscillation or parasitics.
Even though the stage has nothing to do with
the keying it must be remembered that the
electrode voltages and currents vary over o
wide range in the short interval on make and
break.

Have the amplifier completely neutralized

and take the required steps to eliminate
parasitics. When o stage ahead of the am-
plifier is keyed the amplifier should be
biased so that the plate current is nearly, but
not completely, cut-off in the “key-up’ con-
dition.

H{qh hcu'r;xonic output.

1. Low “Q"” grid tank.

2. Capacity coupling (which makes no dis-
crimination between fundamental and har-
monic).

3. Over excitation.

4. Excess bias.

1. Use a Q" of 12 or so.
2. Use link coupling and, if necessary, a
shielded link or a Faraday screen.

3 & 4. Use rated grid current at the rated
bias for the type of emission.

October, 1950

www americanradiohistorv com

63


www.americanradiohistory.com

RID-DIP

ONCILLATOR

By
WALTER S. ROGERS,
WIDKS

¥ - "~ YHEN television really hit the
' consumer market many an

“old timer” in the radio game
gave up hope of ever being able to
service these receivers after studying
the accompanying schematics and in-
vestigating the ‘‘engineering” servic-
ing techniques required. The new and
seemingly involved test instruments,
the unfamiliar circuit designations,
and the complicatced test patterns all
combined to discourage the technician
whose life up to that time had been de-
voted to vrepairing relatively unin-
volved a.c.-d.c. midgets and straight-
forward consoles. Some of these serv-
ice technicians spent time.and money
taking courses in servicing television
receivers, others gave it up as a bad
job. To the newcomer it looked very
much as if television servicing would
require a PhD. and a laboratory full
of costly instruments new to radio
servicing.

Many of the fellows in the radio
service profession got along with the
service manuals, a voltohmmeter, and
a simple signal generator. Experience
counted. One line of sets had coupling
condenser trouble. In damp locations
another model receiver needed to have
the electrolytics replaced each year.
The author spent one summer “curing”
set ills with only a six volt voltmeter,
a few batteries, and a defective signal
generator as test “equipment.” To bc
sure this test setup took more time [or
complicated repairs but the simplicity
of the equipment notwithstanding, it
was easy to determine what end of
the set needed attention first.

One old-time radio technician fol-
lowed a servicing technique similar to
the author’s. He worked from the
back end of the set forward. After
giving the set an “aural” check and if
the receiver wasn’t in smoke, a few
voltages were checked and the tubes
given a once-over. Then he would
look for signs of audio by touching the
grid of the audio tubes with the 6
volt and battery gadget which was
being used as a circuit tester. If therc
was no response, then it was time to
check the speaker, voice coil, trans-
former, and tube circuits. Most sets

61

Fig. i The i.f. coils can be
checked with set turned off.

Every technician has his own pet servicing procedure. Here is

one system—ithe GDO which has been used by many of the “*old

timers.””

were of the field-excited speaker type,
thus the magnetic pull on a steel tool
gave a rough check. Next followed a
check of the detector and so on to the
antenna end of the set itself until the
trouble was located and corrected.
This back-to-front radio servicing se-
quence is a familiar one to the old
timers in the radio servicing game.

Now television servicing can be
tackled in much the same way by the
use of a good grid dip oscillator. The
author is using a Millen No. 90651 unit
for his servicing work. Most service
technicians consider a grid dip oscilla-
tor as a laboratory tool of use only in
communication and research work. Ac-
tually a grid dip oscillator, which costs
no more than a good tube tester, can
be worth its weight in gold in tele-
vision servicing work.

Several months ago the author
started gathering data on the use of
a grid dip oscillator in TV servicing.
A few of the video service technicians
known to the author were using the
grid dip oscillator but they had run
across this application for the instru-
ment accidentally or as a result of
having the unit called to their atten-
tion by friends. As the material ac-
cumulated, new applications and better
techniques were found, thus the sug-
gestions embodied in this article form
a mere nucleus of possible methods for
simplified TV servicing.

The Millen No. 90651 grid dip oscilla-
tor used by the author is a convenient
unit which may be held and tuned one-

www americanradiohistorv com

Like any other method it has its pro’s and con’s.

handed and covers the range from 300
mec. to 1.7 me. It has an isolated power
supply and the controls are such that
it is ideally suited for TV servicing
applications (see Fig. 4). New coils
have been announced which will ex-
tend the low frequency range to 225
kc., thus carrying the usefulness of the
instrument into the AM servicing field.

A grid dip oscillator is nothing more
than a small oscillator which covers
the desired frequencies and has a sen-
sitive meter in series with the grid
circuit. This grid meter dips positive-
ly when the oscillator coil is closely
coupled to another coil tuned to the
same frequcncy. The small amount of
power absorbed from the oscillator cir-
cuit excites the grid less and thus re-
flects a drop in grid current when
coupled to a circuit resonant to the
same frequency. While this sounds
simple, to build a unit free from false
indications and then calibrate it is a
real job. The case must be solidly
bonded and have no casual joints,
otherwise the instrument will be sub-
ject to all sorts of erratic results. The
calibrated scale on a commercially-
built unit is spread on a drum dial so
that it can be easily read. The stand-
ard unit in the author’s possession has
been checked at several points and was
well within the 2 or 3 per-cent required.
The addition of the telephone jack, as
shown in Fig. 2, makes adequate pro-
vision for the introduction of supply
modulation needed in television serv-
icing. While the designers of the in-
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strument probably didn't have that
particular application in mind it has
proven very handy for television work.

TV Servicing Procedure

In order to check the practicality of
the instrument before preparing this
article, several television technicians
were asked to use the grid dip oscilla-
tor on their regular servicing calls.
One of these men was an old hand at
the game, another was a beginner who
had only recently graduated from ra-
dio school and was making his first
appearance as a ‘‘professional,” while
others in the group had military radar
or television servicing backgrounds.

It is not the author’s contention that
any “dope” can service a complicated
television set on the first try pro-
viding he is equipped with a grid dip
oscillator. However, a relatively un-
skilled person who has received proper
instructions can line up an intentional-
ly misaligned set so that it will pro-
duce a good picture and it is a much
simpler procedure than that needed
with an oscilloscope. In fact, two sets
which didn’t yield to oscilloscope fig-
ure techniques were aligned quickly
when the proper grid dip oscillator
techniques were applied. One set be-
ing checked had i.f. coils at one-half
frequency while another standard
make, for some reason, came through
with the i.f. at twice the frequency.
With the aid of the instrument, it was
a simple matter to trim or pad to bring
the i.f.'s in line.

In servicing the set, first start with
a few voltage checks. See that all the
tubes are lighted (or warm—most TV
tubes are the small glass miniatures).
Look for the raster on the tube.
Chances are that the cathode-ray tube
is getting voltage when the screen
shows life. What can be seen and
heard at this stage provides a fair in-
dication of the possible source of trou-
ble. Now is the time to use the grid
dip oscillator.

Select a coil for the video range (21
or 37 mc.,, etc.), put terminals on a
phone plug so that leads can be run to
an audio oscillator. While a Hewlett-
Packard modified 200B, rated at one-
quarter of a watt at 500 ohms output,
was used in this application, a home-
built oscillator can be used providing
it has a volume control and covers the
500 to 1000 cycle range. Turn on the
grid dip oscillator and then tune it to
the video frequency. Turn on the audio
oscillator which should be set at about
780 cycles and about half gain. If the
video and sweep circuits are function-
ing at all a horizontal line pattern
similar to that shown in Fig. 3 will
appear. This figure and the vertical
bars, with a frequency run on the
audio oscillator, are the key—using the
horizontal video first and audio, then
working to the front end before trying
the vertical. The vertical needs the
r.f. amplifier as the grid dip oscillator
output without some direct wire con-
nections, which are to be avoided, is
not powerful enough to show vertical
lines by radiation pickup at the video
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Fig. 2. Diagram of Millen grid dip oscillator.

frequencies. Thus, the sequence sug-
gested should be followed until the use
of the grid dip oscillator in TV servic-
ing becomes second nature.
Servicing Applications

Based on the results of several prac-
tical service applications, the grid dip
oscillator is best used to isolate the
trouble sections of the receiver and
then to function as a test unit for the
individual components which could be
causing the trouble. There is no stand-
ard procedure to be followed except to
work first from the video for hori-
zontal bars and then checking the au-
dio itself, in detail, if need be, with
the traps, sweep circuits, linearity, dis-
criminator, speaker, etc. With an ade-
quate audio signal generator, a com-
plete response run may be made. Itis
important that the grid dip oscillator
is not overloaded as the signal will be
frequency modulated so severely that
it will not be representative of a stand-
ard signal.

Using the video frequency with the
780 cycle audio modulation, the service
technician should obtain the horizontal
lines as shown in Fig. 3. There will
be a good chance to check focus, con-
trast, and vertical linearity with the
grid dip oscillator set at the center of
the video i.f. The audio is checked by
moving to the higher frequency end
of the i.f. where the traps, needed to
keep the sound from reaching the pic-
ture circuits, can be checked.

One of the most cogent reasons for

Fig. 3. Horizontal test bars as they appear
on TV screen. Absence of vertical bars in
later tests indicate vertical sweep defect.

The TV modulator plugs into phone jack.

using the grid dip oscillator for trou-
bleshooting, according to the service
technicians who have been using it,
was that the condensers, coils, oscillat-
ing or non-oscillating circuits could be
checked rapidly whether the receiver
was on or off. With the proper coil
and the grid dip oscillator used as in-
structed in the manual, the actual
servicing took less time than the set-
ting up of the more complicated pat-
tern checking equipment previously
used.

With what appears to be normal op-
eration from the back of the set, ad-
just the grid dip oscillator to an r.f.
channel and disconnect the antenna.
The Millen unit used by the author
gave plenty of drive a few feet from
the front end of the TV receiver, ex-
cept in instances where the receiver
was very dead. The instrument may
be used as the receiver oscillator when
the modulation is cut off. The oscilla-
tor frequency and operation can also
be checked by turning off the plate
current of the grid dip oscillator and
with the phone plug removed so that
it operates as a sensitive absorption
wavemeter, it will indicate whether or
not the set’s oscillator is operating
properly.

A further use of the unit is sug-
gested by Fig. 1, where the i.f. coils are
checked to see that they are aligned
to the fundamental. By probing from
coil to coil it is possible to check
whether there is a normal increase in

(Continued on page 177)

Fig. 4. The Millen No. 90651 grid dip oscil-
lator which covers from 1.7 to 300 mc. Low
frequency coils to 225 kc. are avcilable.
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By

Wide-Range [
FEEDBACK
AMPLIFIER

Fig. 1. Over-all view of amplifier. Pow-
er supply is built on a separate chassis.

Inverse feedback over 4 stages
proved no problem to author in

designing this American version

of the “"Williamson Amplifier.”

ROBERT M. MITCHELL

Circuit Application Engineer, United Transformer Co.

HE growing demand for in-

I creased realism in the reproduc-
tion of sound, both in music and
speech, has necessitated a reconsidera-
tion of several basic problems in the
design of audio amplification equip-
ment. These problems are concerned
with psychological as well as physical
phenomena, and involve such varied
considerations as system bandwidth,
room acoustics, the sensation of loud-
ness, and the relationship between dis-

tortion products and musical disson-
ance, to name only a few. In this con-
tinued striving for more faithful re-
production, negative feedback plays an
indispensable part.

At one time negative feedback was
used somewhat as a remedy, that is,
it ameliorated gross defects in equip-
ment of mediocre quality until some
of the resultant specifications were
comparable to those of higher quality
equipment. Fortunately for the music-

Fig. 2. Schematic diagram and parts _lisl covering the amplifier power supply.
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Cy, Co—.1 ufd., 400 v. cond.
a3y Cy, Co—8 ufd., 600 v. elec. cond.

T,—Power trans. 400-0-400 v. @ 200 ma.; 5
v. @ 3 amps.; 6.3 v. @ 6 amps. ct. (UTC
R-113)

PL,—6.3 v. pilot light

@ 150 ma. filter choke (UTC
@ 50 ma. filter choke (UTC

CH,—12 hy.
CG-100)

CH-~—75 hy.
CG-48C)

S, —D.p.s.t. sw.

Fy—3 amp. fuse

V,—S5R4GY or SU4G tube (See text)
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lover, those days are largely past, and
feedback is now more profitably em-
ployed in refining the characteristics
of an already superior system. Thus,
it is becoming more common to find
large amounts of feedback being used
with medium-power, all-triode ampli-
fiers of very linear characteristics, em-
ploying parts of the highest quality.
The employment of such large amounts
of feedback requires that, for sta-
bility’s sake alone, the gain-frequency
and phase-frequency characteristics of
the original amplifier be controlled
over a range much greater than that
over which the benefits of the feed-
back are desired. Terman, in his
“Radio Engineers Handbook,” page
226, gives as an approximate rule
the relation of one octave extension
of range for every 10 db. of feedback
desired, plus one or two octaves as a
margin of safety. Thus, if it is de-
sired to produce an amplifier with 20
db. of feedback and a useful range of
20 to 20,000 cycles, it is necessary that
the characteristics of the feedback loop
be controlled for at least three octaves
beyond this range, or from 2.5 cycles
to 160,000 cycles. Since the control of
gain characteristics is a comparatively
simple matter for resistive-capacitive
coupled stages, the crucial component
in a high-quality amplifier is the out-
put transformer.

A high-quality amplifier of excel-
lent linearity and utilizing 20 db. of
feedback around all four stages and
the output transformer has recently

RADIO & TELEVISION NEWS
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been developed in England by Mr.
D. T. N. Williamson. This “William-
son” amplifier was literally designed
around a special output transformer,
and used standard English parts. It is
the purpose of this article to describe
an outstanding version of this ampli-
fier which uses a stock output trans-
former and standard American parts.

The heart of the amplifier is the
output transformer, UTC LS-63. This
transformer matches push-pull loads
of 10,000 and 6000 ohms to a wide
range of voice coil impedances. The
frequency response of the transformer
alone extends smoothly within 1 db.
from 15 cycles to 50 ke. at medium
power levels. This response enables
the entire amplifier to be incorporated
in the feedback loop with complete
freedom from instability. The result-
ing feedback amplifier has a frequency
characteristic which is flat within 1
db. from 10 cycles to 100 ke.!

The amplifier circuit is straightfor-
ward and simple. As may be seen from
Fig. 3, it consists of four stages; a
voltage amplifier, direct-coupled to a
split-load phase inverter, a push-pull
voltage amplifier, and a push-pull
power amplifier stage. The output
tubes are 1614’s, connected as triodes,
with self bias. Except for a lower
maximum plate voltage rating, this
tube is electrically identical to the 807,
but has the additional advantages of
being single-ended in construction and
having a standard octal base.

In order to permit flexibility of op-
eration, the amplifier was built on two
chassis, one containing the amplifier
proper, and the other the power sup-
ply. Figs. 1 and 5 show the top-chassis
and under-chassis views respectively
of the two units. Point-to-point wiring
is used throughout, with short, rigid
leads and a common ground bus serv-
ing to reduce stray coupling and hum
pickup. The ground bus picks up the
individual grounds in order, starting
at the highest level stages and pro-
gressing in order to the lower stages,
where it is finally grounded to the
chassis at the input.

The performance of the amplifier
depends to a large extent on the bal-
ance of the push-pull stages. The out-
put transformer constants (induct-
ance, leakage, etc.) are precision-bal-
anced, so that no adjustments are
needed for that componént. The plate
load resistors for the push-pull driver
stage should be matched, as should
also the plate and cathode resistors
in the phase inverter stage. Before
the amplifier is placed in operation,
two simple adjustments must be made.
These adjustments set the operating
conditions for the output stage, and
normally need be made only once.

Since the total plate dissipation for
the two 1614’s is 50 watts, the total
cathode current must be limited to 120
milliamperes. This is accomplished by
inserting a milliammeter in the com-
mon leg and adjusting R.. This will
produce a bias of about 38 volts when
the plate to ground voltage is 440
volts, and will keep the static plate
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Ry, Ry, R—470,000 ohm, V5 w. res.
R-~—33,000 ohm, I w. res.
R,—22,000 ohm, 1 w. res.
R.—47,000 ohm, 1 w, res.
R, R—22.000 ohm, 1 w. matched res.
Re~—470 ohm, V5 w. res.
Ri¢—390 ohm, Y5 w. res.
Ry, R1.—47,000 okm, 2 w. matched res.
Ry R17—100,000 ohm, Y5 w. res.
Ry, Rigy Rooo Roy—100 ohm, 1 w. res.
152 Rog—100 ohm, 2 w. wirewound pot.

Viov2 V3 v4

6.3 V4

Rigs Roy—1000 ohm, V) w. res.

Ri—150 ohm, 5 w. res.

Rs—-1200 X V/voice cotl impedance

Cy, Co—8 ufd., 600 v. elec. cond.

C,, C4—.05 ufd., 400 v. cond.

Cs, Co—.25 pufd., 600 v. cond.

T1—Output trans. 10,000 ohms to v.c. (UTC
LS-63)

Jy—Amphenol connector

Vi, Ve—7N7 tube

Vs, Vi—1614 tube

Fig, 3. Complete schematic diagram of the wide-range feedback amplifier unit.

dissipation within the 50 watt rating.
After this is done, the standing cur-
rents in each tube are adjusted to
equality by placing milliammeters at
points X and Y, and adjusting R.. This
adjustment reduces the unbalanced
d.c. current in the output transformer
primary, and, consequently, improves
the low frequency response.

When adjusted according to the
above instructions, the amplifier is op-
erating almost completely in Class A,
and will deliver 8 watts of power with
almost undetectable distortion (less
than 0.1%). Although this may seem
to be a rather low power output, it is
more than adequate for home listen-
ing. For reproduced music to sound at

Fig. 5. Under chassis views of the audio

Fig. 4.

Phase correcting network which

can be used to eliminate the effects of ex-
cessive stray capacity or capacitive loads.

amplifier and accompanying power supply.
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R,—500,000 ohm, Y, w. res.

Ro, Rg—2700 ohm, 15 w. res.

R,, R-~—20,000 ohm, V5 w. res.
Ry, R—10,000 ohm, 5 w. res.
R<—-39,000 ohm, 1 w. res.

Cy, Co—50 ufd., 25 v. clec. cond.
Co, C—20 pufd., 450 ». elec. cond.
Cs—.5 ufd., 400 ». cond.

C:—.05 ufd., 400 ». cond.
Vi—124Y7 tube

CGE-1—Tone control network (UTC CGE-1)

Fig. 7. An equalizing circuit, giving up to
15 db. boost or cut at either end of the
spectrum, which may be used with amplifier.
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I_-__-
30V ‘—"“I 50
(D) (3]

Fig. 8. Frequency response of the amplifier.
See text for an explanation of waveforms.

Fig. 9. (A) Frequency response at different
(B) the frequency response of the amplifier

about concert level to the listener in
a large-sized living-room requires an
average of about 5 milliwatts of
acoustic power. In a fair-sized living-
room of say, 2500 cubic feet volume, a
value half this great is adequate. Al-
lowing an average of 20 db. (100 times
as much power) for peaks, a value of
0.25 watts is obtained. To produce this
acoustic power through a speaker sys-
stem of 109% efficiency requires an
electrical power of 2.5 watts. Under
these condition the 8 watt amplifier
has a safety margin of undistorted
power of more than 3 times, or 5 db.
If more power is required, the bias
may be changed so as to operate the
output stage more in Class AB,, by
adjusting Rz for 110 ma. total cur-
rent (approximately -— 40 volts bias),
and adjusting Ri; for equal currents
as before. Under these conditions the
distortion is 0.3% at 10 watts and 1%
at 12 watts.

In the English design, a phase cor-
recting network across R, is a per-
manent part of the amplifier. This
tends to increase the margin of sta-
bility at high frequencies. The leak-
age inductance of the UTC LS-63 is so
low that this network is ordinarily not
required. However, if the secondary
load is highly capacitive or other stray
capacities are introduced in the am-
plifier, it may be desirable to add this
network. If the output tube currents
are high when all components are
properly connected and all other
measurements are correct, it is usually
an indication that the circuit is oscil-
lating at a very high frequency due to
the stray capacities mentioned above.
In such cases, the phase correcting
network shown in Fig. 4 will elimi-
nate this.

The power provided by the power
transformer and that dissipated by
the output tubes in particular is con-
siderably larger than in most home
amplifiers. Consequently, the con-
structor must allow for adequate ven-
tilation when mounting the unit in
cabinets, etc.

If the “B-"’ voltage is too high, be-
cause of high line voltage, for ex-
ample, the 5R4GY tube (Fig. 2) should
be used in place of the 5U4G. This
tube may be plugged directly in the
same socket, since the basing is iden-

output levels for Class A operation., and
in Class AB, operation at higher levels.
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tical, and due to its larger internal
drop, will give a lower output voltage.

The performance characteristics of
this amplifier are illustrated in tabular
and graphic form in Figs. 6, 8, and 9.
All of the measurements were made
with a source resistance of 50,000
ohms and a non-inductive resistor of
15 ohms connected to the 15 ohm sec-
ondary terminals of the output trans-
former.

Fig. 9A shows the frequency re-
sponse at different output levels for
Class A operation, while Fig. 9B shows
the response for Class AB,; operation
at higher levels. The response of the
amplifier with 40 volts bias is essen-
tially the same at low levels as that
of Fig. 9A. The linearity of the ampli-
fier over the entire power range is
shown in Fig. 6.

The low distortion content of this
amplifier is outstanding. At 8 watts
(actual measured power dissipated in
the load resistor, not an ‘“equivalent
power”’) the distortion is less than
one-tenth of one per-cent. Because the
distortion is so minute, it is necessary
that several precautions be taken in
measuring it, in order to insure that
spurious voltages such as noise, hum,
etc. are not included in the results.
The author has found that a satisfac-
tory procedure is to pass the audio
generator output through a low-pass
filter of at least 60 db. attenuation
and measure the harmonic components
of the amplifier output with a wave
analyzer.

One of the desirable features of
audio amplifiers is low output imped-
ance, and in this respect a negative
feedback amplifier is unsurpassed. The
ratio of the load resistance to the
effective output impedance is called
the damping factor, since it determines
the effectiveness of the amplifier in
damping vibrations originating in the
loudspeaker.

A common value of damping factor
for beam tubes with feedback or tri-
odes without feedback is 3. The damp-
ing factor of this amplifier is 27,
equivalent to an output impedance of
0.55 ohm at the 15 ohm secondary.
This ability of the amplifer to damp
the loudspeaker contributes substan-
tially to the “cleanness” of reproduc-
tion.

Another factor contributing to clari-
ty in reproduction is the transient
response. Because of the ease of
interpretation involved, transient re-
sponse is usually tested by means of
square waves. The high frequency
square wave response of the amplifier
is shown in Fig. 8. In this diagram
(4) represents the response of the en-
tire amplifier to a square wave of 10
ke. repetition rate. The rapidity with
which the maximum value is attained,
i.e., the short rise time, is a graphic
indication of the extremely small leak-
age inductance and stray capacitance
of the output transformer. For com-
parison purposes the high frequency
square wave response of a poorly de-
signed unit is shown in Fig. 8B.

(Continued on page 166)
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A Variable Width SQUARE-WAVE

Two views of home-built unit. The cali-
bration shown on the front panel may be
copied providing specified components
are used and that the layout is not al-
tered appreciably from that illustrated.

NE of the most frequently used
instruments to be found in the

- electronic laboratory is a
square-wave generator, which com-
bines a multiplicity of outputs with
versatility of operation. The construc-
tion of this very useful piece of equip-
ment is covered in this article.

It is, essentially, a square-wave gen-
erator together with amplifiers, in-
verters, and an output stage. The
block diagram in Fig. 1 gives the set-
up. The object is to produce a square
wave which rises as nearly vertically
as possible, has a flat top for a desired
length of time, and then cuts off as
fast as possible. In many instances it
is desirable to vary the duration of
this square wave, i.e., the length of the
“top,” and it is evident that if the
front and back are not steep the dura-
tion of the top is not distinct. It is, of
course, impossible to produce a square
wave with vertical sides, as that
would mean a voltage rising to a given
value in an infinitely small period of
time. This might be done if it were
not for the fact that all circuits have
inherent capacities, and these capaci-
ties must be charged while the volt-
age is rising. Of course, the time
necessary to charge a capacity is a
function of its size. It would seem,
then, that the important item in build-
ing a square-wave generator would be
the reduction of all important capaci-
ties.

As a general rule, then, it is de-
sirable to keep the circuit capacities
small and use low impedance circuits.
The formula which states the time
necessary to charge or discharge a
condenser through a resistance is,
T=RC where T represents the time
necessary for the voltage to rise to

* Audio Sub Scction Head, Radio and Com-
munications Section, Blectronics Test Division,
Naval Air Test Center, Patuxent River, Maxyla,nd
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Betails on e generator nnit whose pulses can be

varied from I to 140 microseconds in width with

a repetition rate of 60 to 600 cycles-per-sec.

1—1/e (approximately 24) of its max-
imum value or, to fall to 1/e (approx-
imately %) of its original value,
where T is stated in seconds; R, in
ohms; and C in farads. More usable
units would be T in microseconds; R
in megohms; and C in micromicro-
farads. The value of e is 2.718.

This, then, is the first consideration
in building a good square-pulse gen-
erator—the reduction of all unwanted
capacities.

Secondly, the unit should perform
several functions. It must be under-
stood at this point that we are con-
sidering a square-wave generator of
the unsymmetrical type, i.e., where
the first half of each cycle is smaller
(or greater) than the second half and
is, moreover, variable in width, ampli-
tude, polarity, and repetition rate.

Referring to Fig. 1, we find an
ordinary symmetrical multivibrator
whose function is to provide a means
for frequency stabilization.

A multivibrator is not too stable a
device, and since we wish to produce a
square wave which is stable, maintain-
ing any width at which it is set, it is
better to synchronize the pulse gen-

Fig. 1. Block diagram of square-wave generator.

erating multivibrator from another
multivibrator whose sole function is
to produce recurrent symmetrical
square waves.

There would also be unwanted inter-
action between the frequency and
width control if both were incorpora-
ted in one multivibrator. We have,
therefore, the first multivibrator in
Fig. 1. It is coupled into the second
multivibrator, which is of a different
type. This multivibrator is biased so
that it will not operate by itself, but
will remain off until a pulse of energy
is received, which neutralizes the bias
and allows it to flop once. It is often
referred to as a flip-flop, or trigger
circuit. In coupling the first multi-
vibrator to the second, it is desirable
to transfer only a very short pulse of
energy so that this pulse will not in
any way affect the resultant square
wave. Thus, coupling is by means of a
very small condenser so that the
square wave from multivibrator num-
ber one is differentiated. Fig 2 illus-
trates this result. The small con-
denser charges as the square wave
rises, but, being small, it discharges
almost immediately. At the end of

Two multivibrator stages are used.
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SQUARE wavE

+
DIFFERENTIATED
KEYING WAVE
Fig. 2. Wave shapes at multivibrators.

the square wave it charges negatively,
-but as the tube is already cut off noth-
ing happens.

This second multivibrator, in addi-
tion to being “biased up,” is also un-
symmetrical as it has a longer time
constant in one grid circuit than the
other. We have chosen to vary the
smaller one. The most convenient way
to do this is to vary the resistance
rather than the capacity, as a greater
range can be covered with less trouble.
By varying this time constant we vary
the time interval that the trigger cir-
cuit remains on after the keying cir-
cuit has keyed it on. This is due to the
variable time constant which is

charged by the keying pulse and dis-
charges in the desired time to a value
which shuts off the circuit.

In the interest of improving the
rise and fall times of the square wave,
a very small plate resistor is used in
the plate of the variable width multi-
vibrator which is to be coupled. The
effect of stray capacities will then be
reduced.

The pulse is now introduced into a
d.c. amplifier, which operates at +150
volts plate potential. The signal volt-
age across the plate resistor of the
multivibrator is just sufficient to drive
the d.c. amplifier to zero bias, which
has the effect of making the pulse
flat on top and steepening the sides.
This d.c. amplifier also has a low
value of plate resistance so the am-
plitude across it will be small. Fur-
thermore, the pulse is now negative in
polarity. In order to correct this con-
dition a resistance-coupled amplifier
is introduced in order to invert the
pulse and amplify its amplitude to
over a hundred volts.

Considering that a good square
wave contains frequency components
from a few hundred cycles per second
to several million cycles per second, it
is easy to see why low value plate
resistors and low capacity wiring is
required.

The amplified square wave is now
introduced into either a cathode fol-
lower if positive output is desired or

Fig. 3. Complete schematic diagram of the variable width square-wave generator.
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QUTPUT

R24

H? v.A.C.

Rig—50 ohm, 1 w. res.

. R;y—3000 ohm, 5 w. wirewound pot.

Ro5—2400 ohm, non-inductive, 10
w. wirewound res.

C;, C3—.01 pfd., 400 v. cond.

Ry, Roy R,—60,000 ohm, 1 w. res.

R;—10,000 ohm, 10 w. wirewound res.

R¢—650 ohm, 1 w. res.

Re—1000 ohm, I w. res.

Rz, Rg, Roy——2000 ohm, non<inductive, 10 w.
wirewound res.

Ry—15,000 ohm, 10 w. res.

Rygy Ry5—27,000 ohm, V5 w. res.

Ri1, Rig—Dual 500,000 ohm pot.

Ry, Roo—3000 ohm, 1 w. res.

Ry5—1 megohm pot.

R1g—3000 ohm, V5 w. res.

Ry7, Rygy Rn—470,000 ohm, Yz w. res.

Co—10 pufd. mica cond.

Ci—50 pjfd. mica cond.

Cs—20 pfd., 450 v. elec. cond.

Ce—.01 pfd., 600 ». cond.

C—.02 pfd., 600 v. cond.

Cg, C1oy C15—40 pfd., 450 v. elec. cond.

Cg—.05 ufd., 600 v. cond.

C10—200 pufd. mica cond.

Cy1—.5 ufd., 400 v. cond.

T—Power trans. 360-0-360 ». @ 150 ma.;
S5v. @ 2 amps.; 6.3v. @ 1 amp.; 6.3 v. @
5 amps.

S§—D.p.d.t. wafer sw.

So—S.p.s.t. toggle sw.

CH,—8 hy. @ 150 ma. filter choke (Thordar-
son T-20C54)

L,—1 mhy. r.f. choke (See text)

Vi, Vo—6SN7 tube

Vi—6A4AG7 tube

Vi, Vs, Ve—6Y6 tube

V—5Y3G tube
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into another amplifier it negative out-
put is wanted. Since the cathode fol-
lower gives a low impedance output,
a reasonable amount of capacity can
be tolerated across it without distort-
ing the pulse too much. This cathode
follower has an output impedance in
the order of several hundred ohms.

The tube lineup was chosen as the
best compromise between good opera-
tion and current drain.

The two 6SNT multivibrator tubes
will provide square waves which are
very good, and the 6AGT7 d.c. amplifier
is superb for its job. In the event one
is not obtainable a 6V6 could be used.
The 6Y6’s are the best tubes for the
amplifiers because they provide very
low impedance. They, of course, draw
considerable current.

The circuit diagram is shown in Fig.
3 and several things should be noted.
L, is a small r.f. choke which can be
made by winding a hundred turns or
so of #36 wire around a 1 megohm,
one watt resistor.

The heater supply for the 6AGY
should be separate as its cathode op-
erates 150 volts above ground. The
3000 ohm variable resistance in the
cathode of V; makes it possible to
vary the output from zero to the maxi-
mum value.

The layout wused by the author
should be followed carefully, although
the size and shape of the chassis can
be changed. - All signal leads must be
short, and kept away from the chassis.
The chassis must not be used as a
ground connection. A heavy copper
ground bus should be used.

The ten watt resistors used in the
unit should be mounted so that they
have plenty of ventilation, as they will
get rather hot. The output is taken
from binding posts on the front panel,
and a coaxial connector is provided in
the event that the pulse is wanted at
some distance from the unit. All the
small parts should be wired point-to-
point with their leads kept as short
as possible. Since we are dealing
with frequency components in the
order of several megacycles, the leads
must be short. The ground circuits
should be wired exactly as shown in
the diagram. Each tube’s cathode
should go directly to ground, and the
grid and plate returns for that tube
should be connected to that ground
only.

After the unit is wired an oscillo-
scope will be needed in order to check
its operation. An ordinary scope is
not suitable for the observation of
these variable width square pulses, as
the sweep circuit does not usually go
high enough in frequency, and the
accelerating voltage on the cathode-
ray tube’s anode is not high enough to
give good brilliancy on a pulse which
is on, for instance, for one millionth
of a second, sixty times per second. The
proper scope to use is one whose sweep
is ultra fast and which is, in addition,
keyed on by the front of the square
wave being observed.

Many good scope designs were
evolved in the radar laboratories dur-
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ing the war, but their operations were,
of necessity, cloaked in secrecy. Suffice
it to say that they comprise a sweep
generator using high vacuum tubes in-
stead of gas tubes.

These tubes, usually in the form of
a multivibrator, are biased just as
V. is in this pulse generator, so that
it goes off only when a pulse is re-
ceived. This multivibrator is coupled
to a circuit which generates a linear
saw-tooth whose length is very short,
the exact length being determined by
the phenomenon being observed.

For rough checking of several cy-
cles, an ordinary scope may be used.
Due to the limited sweep frequency,
it will not be possible to observe a
single cycle, but a check of the opera-
tion may be made.

Fig. 4 shows the picture that should
be obtained when several cycles of the
unit’s output are under observation.
The pulses will appear very dim at
low recurrence rates and will by no
means be brilliant at the highest rate.

The main uses for this generator
are: first, as a keying source for elec-
tronic circuits which operate only in
the presence of a recurrent pulse;
second, when one wishes to measure
the operation time of a circuit or the
duration of a waveform from a circuit.
The pulse generator puts out a pulse
which can be varied from one micro-
second to 140 microseconds in width.
Its rise time is better than .2 micro-
second and the fall is better than .5
microsecond. The repetition rate may
be varied from 60 to 600 cycles per
second. The amplitude of the posi-
tive square wave is approximately
200 volts, and the negative wave is
—125 volts. This negative amplitude
is reached at less than the maximum
position of Rx, but since the inverter
tube will not handle a greater swing,
this is as high as it should be turned.

If care is taken to use parts of ex-
actly the value specified and if the
layout is not changed appreciably, the
calibration may be copied from the
photograph. If more accurate calibra-
tion is desired the widths may be
compared with sine waves of known
frequency on an oscilloscope.

If the reader would like additional
material on trigger circuits the au-
thor recommends a study of O. S.
Puckle’s book “Time Bases” (Wiley).

Fig. 4. Oscilloscope patterns obtained.
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CCTHERE!” Mac said as he
placed a little white radio on
the “repaired” shelf; “that’s
the very last set we had to fix. We
are all caught up.”

‘“Hey!” his assistant, Barney, said in
wide-eyed amazement, “what goes
here? That's the first time I ever re-
member that happening. Is business
falling off ? Have you got my Social
Security paid up?”

“Now don't get excited,” Mac said
soothingly. “Business is all okay. 1
have simply been putting in a lot of
overtime lately. My wife has been
visiting her sister in St. Louis this
past week, and I got the fidgets sitting
around home by myself; so I have
been coming down here every night
and knocking out several sets. You
better turn in your Boy Scout badge
for not having been observant enough
to notice this.”

“Well,” Barney said complacently
as he tilted the stool upon which he
was sitting back against the wall and
propped his generous-sized feet up on
the service bench, ‘it is a revolting
development, but we may as well face
it. Just wake me up if any business
comes in that requires my personal
attention.”

“Oh no you don’t!” Mac said as he
scooped a handful of shredded paper
out of a tube-shipping box and sprin-
kled it over Barney’s recumbent form.
“We are going te do what we used to
do when I was a boy down on the farm
and a rainy day kept us out of the
fields; namely and to wit: mend har-
ness.”

“Mend harness ?”’” Barney questioned.
“l always knew you worked me like
a horse, but I never caught sight of
any harness around here.”

www americanradiohistorv com
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MENDING HARNESS

“A figure of speech, my boy,” Mac
explained. “I mean that we are going
to take advantage of this lull to over-
haul some of our equipment and oth-
erwise catch up on some of the little
things around the shop that we do not
have time to take care of when busi-
ness is rushing.”

“That’s got a kind of nasty sound to
it,” Barney commented dubiously.
“What are some of those ‘little
things’ ?”

“First, I want every instrument in
the shop thoroughly cleaned and
waxed. I especially want those in-
struments that we take with us to the
customer’s home to be gleaming. A
dirty instrument with frayed cord and
test leads makes an impression on a
customer about like that he would
have if his doctor used a rusty stetho-
scope or a soiled tongue-depressor on
him; but you will note that a doctor,
that wisest of ‘servicemen,’” always
sees to it that his instruments are im-
maculate.

“Replace any a.c. cords that show
the least sign of insulation failure,
and make up new test leads for all of
the portable instruments. While you
are at it, too, you may as well make
up a few new test lead terminations.”

“What’'s a ‘termination’?” Barney
demanded.

“A big word to describe a useful lit-
tle gadget. In ninety per-cent of the
cases, the ordinary test prod is all you
need; but there are times when it is
handy or even necessary to have a
needle-point prod or one with a clip
on the end of the lead. It is foolish to
lug around a pair of separate leads
for each of these rarely-needed cases.
If an alligator clip or a phono-needle

(Continued on page 102)
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\n 0SCILLOSCOPE
CALIBRATO

DEAN KIMRBALL

By

A variable source of a.c. voltage
which is used to measure,

by comparison method, any veoltage
from .015 to 500 volts.

"YNTIL the advent of television,
J the oscilloscope was not widely
used by the average service
technician. Its use is almost a neces-
sity in television service, however, and

I
—\/H/Lﬂ/; s VOLT
(A)

1
125 VOLTS

(8

Fig. 1. Range of calibrated patterns en-
countered in most of the service manuals.

its introduction as a television service
instrument will no doubt lead to its
use for many other service problems
for which it is peculiarly fitted. The
oscilloscope is potentially a voltmeter
with unique properties, because it is
not only capable of measuring a wide
range of voltages (.015 to 500 volts
with a good oscilloscope) with almost
any waveform, but it makes possible
the visual analysis of the waveform
and the frequency of the measured
voltage. However, few oscilloscopes
have any convenient means provided
within them for measuring the actual
value of the voltage applied to the
input. The most that is done in oscil-
loscopes within the service instrument
price range is to provide an internal
signal of 6 volts or so for calibrating
purposes. Obviously this is inadequate
when the service. manual probably
will show calibrated patterns which
range all the way from that of Fig.
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1A to the pattern shown in Fig. 1B.
When the oscilloscope is supplemented
by the calibrator described herein, all
such voltage measurements can be
made conveniently.

The instrument described here is
not a voltmeter in the usual sense of
the word. Rather it is a variable
source of a.c. voltage whose peak
value is continuously measured by the
built-in diode voltmeter. By means
of the variable control, R,, the voltage
across the decade voltage divider can
be set at any value between 50 and
500 volts. The voltage selected is ap-
plied to the input of the oscilloscope
as a standard signal to set the gain
of the oscilloscope at some convenient
value, or the output of the calibrator
may be matched with an unknown
voltage to measure it. If a single-

Fig. 2. Oscilloscope is adjusted so that
signal under test fills a convenient num-
ber of squares. Calibrator is then switched
in to measure the voltage of test signal.

wwan americanradinohicstory cam

Over-all view of the oscilloscope
calibrator. Any size cabinet which
will house the meter can be used.

pole, double-throw switch (low capac-
ity type) is placed at the input ter-
minals of the oscilloscope, this calibra-
tor then becomes a quickly available
comparison standard for measuring
voltages of all values within its range.

The accuracy of the unit is affected
by the following components; the
quality of the meter, and the accuracy
of the decade resistors. The series
diode voltmeter is linear when used
with load resistors above about
100,000 ohms. The condenser C, should
be large enough to maintain the ac-
curacy of the diode voltmeter at 60
cycles. If extreme precision in all
parts of the meter scale is wanted, it
would be wise to check the meter
against a laboratory standard at sev-
eral points on the scale, since meters
which are not hand calibrated some-
times show rather large discrepancies
at the low end of the scale. However,
this is not necessary for most service
work. Using the voltage ranges shown,
the meter need have only one scale
calibration of 0-500.

Cireunit Details

Transformer 7T, is a small power
transformer which will deliver slight-
ly more than 500 volts peak. The cen-
ter tap is not used. There need not
even be any filament winding on T.
A separate filament transformer is
used for the 6HS6, since filament volt-
age would not be constant if the fila-
ment winding were on the core of Th.

The voltage divider can be made up
of stock wirewound, 5 or 10 watt re-
sistors since these are cheap and quite
accurate. However, if high accuracy
is wanted, precision resistors could be
used or the wirewoq‘nd resistors could
be selected for accuracy. Note that

RADIO & TELEVISION NEWS
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the 100,000 ohm' resistor should have
a minimum rating of 2.5 watts.

Neither output terminal is grounded,
therefore no polarity need be ob-
served. However, when the selector
is sct on the 500 volt range, precau-
tions should be taken to avoid shock
and to avoid shorting the output ter-
minals.

R, and R; should be adjusted so that
R. covers the voltage range from
about 40 volts to slightly over 500
volts. The values given are approxi-
mate and will vary with the rating
of transformer 7. These resistors
also limit the current through R. so
that it is not required to dissipate
more than its rating.

The calibrator is built in a black
crackle box. A box of this size is not
necessary to house all the parts, but
is nceded to mount the large fan type
meter used. If the constructor wishes
to use a smaller meter, the parts
could be mounted in a somewhat
smaller box, thus making a more
compact instrument. It is important
to mount the potentiometer R. where
it will have adequate ventilation since
it dissipates about 20 watts. If it is
mounted below the chassis, there
should be a few ventilating holes
drilled above it in the chassis. It
would also be wise to drill a few holes
in the side or bottom of the case to
let in air. The back of the box is
left open for ventilation. The place-
ment of parts otherwise is not critical.

Uses of the Calibrator

The major use of the calibrator
will be for measuring the values of
various parts of the waveforms en-
countered in checking a television re-
ceiver. This is done as follows: The
gain control of the oscilloscope is set
so that the pattern occupies some con-
venient number of squares on the
crosshatched screen. See Fig. 2. The
s.p.d.t. switch is then flipped over to
the calibrator. Without moving the
oscilloscope gain control, the controls
R, and the decade switch are set so
that the height of the pattern from
the calibrator is the same as that to

Top chassis view of the home-built oscilloscope calibrator.
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R{—100 ohm, 10 ». res. (See text)

Ro—500 ohm, 25 w. pot. (See text)

Ry—50 ohm, 10 w, res. (See text)

R.—2.5 megohm, Y, w. precision res.

R;—100,000 ohm, 5 w. wirewound res. (See
text)

R—10,000 ohm, 5 w. wirewound res. (See

text) i
R,—1000 ohm, 5 w. wirewound res. (See text)
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Ryi—100 ohm, 5 w. wirewound res. (See text)
Ro—11 ohm, 5 w. wirewound res. (See text)
Ci—.25 pufd., 600 v. cond.

S—S.p.s.t. toggle sw.

Sa—S.p., 5-pos. rotary sw.

T—500 v. power trans. (See text)

To—6.3 v. fil. trans.

M—0-200 pa. meter

V—6HG6 tube

Fig. 3. Diagram of calibrator.

be measured. The value read on the
meter multiplied by the value indi-
cated by the decade switch then gives
the peak value of the unknown volt-
age. Thus the voltages from the mini-
mum indication of the oscilloscope up
to 500 volts can be measured. By
means of a voltage divider applied to
the scope input, even higher voltages
could be measured.

If the calibrator is constructed with
good accuracy in mind, it becomes a
standard by which other a.c. meters
can be calibrated, and its use for a
standard need not be limited to 60
cycle instruments. Meters can be
calibrated at any frequency which is
within the flat response range of the
oscilloscope. It must be remembered
that this unit measures peak and not
r.m.s voltage.

The calibrator can be used to meas-
ure very low resistors with consider-
able accuracy. The unknown resist-
ance can be set up in series with a
known low resistor of similar value.

wWWwWWwW americanradiohistorv com

Unit may. alternatively, be built into scope cabinet.

By running a fairly large a.c. current
through the combination the voltage
drop across each resistor can be meas-
ured by means of the calibrator and
the resistance of the unknown com-
puted from these two readings. Lack-
ing a known low resistor, an a.c. am-
meter can be used to measure the
current through the unknown. The
voltage measuring leads should be at-
tached to the unknown resistance in-
side where the current connections
are clipped on so that the contact re-
sistance of the current connections is
not included in the measurement.

A few of many other uses are:
measuring the voltage output of mi-
crophones, phonograph pickups, and
other low voltage devices; checking
amplifier input voltages, stage gain,
and power output; and measuring the
voltage of odd waveforms. Since the
waveform is being observed on the
oscilloscope, one can check the peak
value or any other part of the wave.

The under chassis view. Note the simplicity of the wiring.
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The end-fire array. This unit is made up of two stand-
ard roof-type whip antennas and a polysiyrene rod.

"IKE many another luck.ess ham,
the writer lives in a new house
Eg —in a new and treeless district
—where any ordinary beam would
stick out like a sore thumb. and make
for anything but good relations with
the neighbors. Yet, like most hams,
he hates to operate without a beam
for 10 meters, and worse, he likes to
work all bands, right up through 160
meters.

This article deals with a practical
solution to the tough problem of pro-
viding an antenna system which will
furnish a choice of two beams on 10
meters, plus.an effective radiator on
15, 20, 40, 80, and 160 meters without
creating a neighborhood eyesore.
Proof that the antenna system is neat
lies in a recent incident in which a
ham from a neighboring state, trying
to find the house by spotting the an-
tenna system, wandered around the
neighborhood for an hour and finally
had to be “talked in” via the land line!

Essentially, the antenna system con-
sists of two antennas; a two-element
end-fire array fed at the bottom, and
a long wire, end-fed with tuned feed-
ers. The end-fire array is unique in
that the only parts protruding from
the house are two neat broadcast
band-type ‘“whip” antennas. The long
wire, thanks to a careful choice of
both feeder and flat top length, is
readily tunable over a very wide fre-
quency range with a simple tuner
made up entirely from one of the in-
expensive “TU” surplus tuning units
from the BC-375 transmitter.

First, the end-fire array. This an-
tenna is made up of two standard roof-
type whip antennas which have the
small whip ends folded down and
joined by a light polystyrene rod. This
method of construction insures that
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STAN JONNSON. woLRvV

Details on two new. efficient amateur
antennas which are inconspicuous and

neat, yet cover all popular ham bands.

“Attic view'’ of the end-fire array. The ends of the an-
tennas are fed to a tuned circuit link-coupled to a 300
ohm line which goes to pick-up coil on the transmitter.

the spacing will remain uniform even
in a fairly high wind, an important
feature for a close-spaced array.

The additional length needed for
each element of the 10 meter beam,
plus the feed system, can be tucked
away in almost any attic. The an-
tenna is ‘“pieced out” with lengths of
RG-8/U cable (braid removed). Even
better would be the use of heavy alu-
minum clothesline wire which would
increase the frequency range of the
antenna.

The ends of the antenna are brought
together at a pair of insulators in se-
ries, as shown in the drawings and
photograph. :

There are several possible methods
of feeding the antenna, and the two
systems which the writer has tried
are shown in the drawings. The sim-
plest method, illustrated in one of the
photos, is to use a tuned circuit link-
coupled to a 300 ohm line of twin-lead
which goes to the pick-up coil on the
transmitter. The tuned circuit, which
should have as large a coil and as lit-
tle capacity as will still allow “load-
ing up,” is simply tuned to resonance
as indicated by the old, familiar pick-

WWW ameriGagradicobicton, cam

up loop with its usual flashlight bulb.

An alternate system, which seems
to be both less frequency-sensitive and
more efficient, uses a quarter-wave
matching stub. For detailed informa-
tion on tuning up a stub see any of
the standard handbooks. Suffice it to
say that the antenna is first shock-
excited by a nearby antenna, for ex-
ample, by a folded dipole cut for 10
meters and connected to the 300 ohm
feed line and then simply draped near
the base of the antenna. The antenna
is tuned to resonance as indicated by -
maximum brilliance in a flashlight
bulb connected in the center of the
shorting bar. Then the 300 ohm line
is tapped on the stub at the point of
lowest standing waves, as indicated by
a standard twin-lamp standing wave
indicator.

As the current at the connection to
the antenna may be quite high, low
power should be used on the exciting
antenna to prevent burning out of the
flashlight bulb.

The antenna is vertically polarized,
of course. Contrary to a surprisingly
common misconception, the transmit-
ted polarization matters little for any

RADIO & TELEVISION NEWS
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“skip” contact, as when the waves
bounce off the ionosphere they wind
up both vertically and horizontally
polarized, willy-nilly. For ground wave
contact, of course, polarization is im-
portant, and the beam works especial-
ly well with mobile rigs with vertical
whips. Like any vertical antenna the
two element beam is susceptible to
man-made noise and is somewhat
worse than a horizontal for BCI. But
it is less apt to cause TVI—so name
your poison.

The vertical beam was placed in op-
eration just as the 10 meter band was
slipping into the summer slump, so
results with the beam are not con-
clusive as this is written. But there
is every indication that it will hold its
own with any conventional two-ele-
ment beam. There is considerable evi-
dence that it really shines when the
band is “sour.” For example, it yielded
an S8 from a KH6 in Hawaii when
the KH6 was an S2-—although run-
ning five times the power used in the
writer’s rig.

Now the “long” wire. Let no one
sniff at a long wire for 10 meters. In
theory, a wire three wavelengths long
concentrates most of its radiation in
the general direction of the wire, and
at low angles, with a gain of about 2
db. The theory works out in practice
and then some. The long wire shown
in the drawings has been in use nearly
a year. Although only 22 feet above
the ground it yields consistent S9
plus reports from Hawaii with a 120
watt rig, has turned in S8's from
Guam and Germany, and a 10 db. over
S9 in Argentina. The four major
lobes are vaguely apparent but the
antenna does fairly well completely
around the compass.

Besides being duck soup to erect, a
long wire is a natural for tucking
away inconspicuously, The writer's
runs along the ridge of the house, just
below the top of the roof, for the
length of the house, then drops down
at a slight angle to a pole at the edge
of the alley. Since the pole was placed
there by a large firm for another pur-
pose nothing had to be erected to sup-
port the antenna. This mild chicanery
is helped along by the fact that the
antenna wire is #18 copperclad steel
wire which is a bit hard to see even
from 22 feet.

The 101 foot length chosen for the
antenna represents about all that can
be squeezed onto most city lots. Fur-
ther, it is a nice length for a resonant
flat top on 10, 15 (if we ever get it),
and 20 meters. For 40 meters and
80 meters, the 33 foot open wire feed-
ers (made with soft copper #18 wire
and using 2 inch plastic spreaders ap-
proximately the same color as the
roof) get into the act as part of the
radiator, the net result being a 134
foot end-fed wire on 40 and 80 meters.
On 160 meters, a ground is added, and
the antenna worked as a Marconi.

The “ground” should be a good one.
By the simple expedient of driving a 6
foot pipe down in one of the window
wells alongside the house, dumping
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Details for constructing the six-band,
long.-wire antenna described in text.

in 20 pounds of salt, and soaking the
works for a couple of days, the output
from the writer's 160 meter rig
climbed 6 db. at a test point in an-
other state. Since 6 db. is equivalent
to quadrupling the power the 40¢
worth of salt was the best buy in
town.

The tuner for the long wire antenna
uses two variable condensers from the
“TU” tuning unit mentioned previous-
ly, two coils, one wound up on a form
salvaged from the tuning unit and one
a standard 75 watt coil, and miscel-
lancous clips and insulators. The di-

Diagram of the end-fire array which
uses two whip antennas and the rod.

agram shows how tuning can be pro-
vided on any of the bands simply by
shifting the clips to get the proper
combination.

How should the antennas be ori-
ented? Well, that will depend upon
a lot of variables, including the real
estate and the countries you want to
work. In any case, the ideal scheme is
to mount the antennas at right angles
to each other. If this is done, you can
work in almost any direction; both
antennas are bi-directional on 10

meters.
30—

Tuner for the long-wire antenna. Complete wiring details are shown in schematic above.
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Due to

Horizontal Foldover

A review of the causes of an anneying interference

problem that has baffled many service technicians.

By
D. LERNER & J. HOWELL

Philco Corporation

=

NE type of picture distortion
which appears puzzling to many

- service technicians is the effect
of “horizontal foldover.” This distor-
tion might take place in a scene where
a person in the field of action walks
to the left of the screen, seemingly out
of camera range, only to appear to re-
verse his direction and stroll back
again to the right, while enveloped in
a filmy light background.

This peculiar effect is caused in most
cases by the unblanking of the picture
tube before the electron beam, during
its retrace time, has completely fin-
ished its journey across the screen
from right to left. Since the speed of
the electron beam across the picture

tube face during retrace is about five
times as fast as its speed during the
scanning period, much less energy is
imparted to the fluorescent screen by
the retracing electron beam. Thus the
short strip or area on the left-hand
side of the screen, during the time
while the retrace is visible, appears
much less bright than that portion of
the picture scanned during the normal
trace period. Because the direction of
the electron beam reverses completely
from retrace to trace period, the scene
is scanned in opposite directions and
the area of double scanning on the left
portion of the screen is folded over on
itself. Hence the name, ‘“horizontal
foldover.”

Referring to Fig. 1, the relation in
time between the horizontal blanking

_ pedestal and the horizontal saw-tooth

sweep signal is shown. In many re-
ceivers the horizontal oscillator is trig-
gered by the leading edge of the hori-

Fig. 1. Sync pulse saw-tooth relationship. zontal sync pulse. Therefore, the time
that remains for complete horizontal
oRIZO . retrace is that time between the lead-
HUEISZE STl ing edge of the sync pulse and the end
. ;
cKPORcH of the “back porch” (see Fig. 1). The
AL time allotted for retrace may be de-
HORI ZONTAL creased too much if the back porch, as
BLANKING PEDES- i i i
S MEET oL transmitted by the station, is too short.
C.R.T. GRID no.:ssc
Fig. 2. Diagram of the aJd.c. pulse width
horizontal sync circuit with delay network.
HORIZONTAL
\_ | OSCILLATOR
TRIGGERED oN
LEADING EDGE PHASE SHIFT
H.ﬂ (DELﬂ_N_E_TiORK
TRACE RETRACE 3
g
HORIZONTAL z32
OSCILLATOR R
TRIGGERED AFTER ‘éf
LEADING EDGE EH
| cm%%vsn
D.G. CONTROL
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The return time from right to left
may be lengthened, in some cases, due
to variations in inductance of the hor-
izontal deflection yoke.

In receivers using the a.f.c. (auto-
matic frequency control) pulse width
system of horizontal sweep, the os-
cillator does not sync in (trigger) on
the leading edge of the sync pulse,
but rather some time (a few micro-
seconds) afterwards. See Fig. 1. Thus
the foldover condition is exaggerated
by the over-all reduction in time al-
lotted for spot return.

To overcome the effect of foldover
at the transmitter, the sync pulse may
be speeded up so that it effectively
moves over to the left on the pedestal
and thus lengthens the back porch. At
the receiver the entire horizontal
sweep may be speeded up in relation
to the blanking pulse applied to the
picture tube, and this can be accom-
plished rather easily in receivers using
the a.f.c. pulse width type of sync.

Briefly, the operation of the a.f.c.
pulse width type of sweep circuit is as
follows: The incoming horizontal sync
pulse is combined with a portion of the
horizontal saw-tooth voltage that is
used for horizontal deflection in the
phase comparer circuit. The resultant
d.c. voltage, developed across the phase
comparer cathode load, is used to con-
trol the frequency of the horizontal
oscillator. This is shown in simple
block form in Fig. 2. If we could make
the saw-tooth used for deflection pur-

= W
| 1
I En :
TIME—'——’ /\
Eour DELAY

{B)

Fig. 3. Diagram of a simple delay network.

poses lead the saw-tooth used for
phase comparison, we would, in effect,
have accomplished the same purpose
as speeding up the sweep with respect
to the blanking pulse. This is done by
a simple delay network consisting of
a resistor and condenser, as shown in
Fig. 3.

The output voltage E..:. will lag the
input E.. because of the finite time re-
quired to charge the condenser through
the series resistance. Looking at the
circuit another way, we can say that
the input voltage Ei. leads the output
voltage Fo..:. By inserting a delay or
phase shifting circuit in series with the
saw-tooth feeding the phase comparer,

(Continued on page 139)
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%adlmSTYLlNG
KITS THAT MATCH!

Heathkits are styled in the most modern man-
ner by leading industrial stylists. They add
beauty and utility to any laboratory or service
bench. There is a complete line of Heathkit
instruments  allowing a uniformity of ap-
pearance.

An attractive scrvice shop builds a feeling
of confidence. Many organizations have stan-
dardized on Heathkits providing uniform ser-
vice departments.

There is no waste space or false effort to
appear large in Henthkits-—space on service
benches is limited and the size of Heathkit in-
struments is l\Cpt as small as is consistent with

good engineering practice.

Aecanacy
ASSURED BY WP
PRECISION PARTS

Wherever required, the finest quality
1% ceramic resistors are supplied. These
require no aging and do not shift. No
matching of common resistors is re-
quired. You find in Heathkit the same
quality voltage divider resistors as in the
most expensive equipment,

The transformers are designed especially for the Heathkit unit. The
scope transformer has two clectrostatic shields to prevent interaction of
AC fields.

These transformers are built by several of the finest transformer
companies in the United States.

Plsed BY LEADING
MANUFACTURERS

Leading TV and radio manufacturers use
hundreds of Heathkits on the assembly
lines. Heathkit scopes are used in the
alignment of TV tuners. Impedance
bridges are serving every day in the
manufacture of transformers. Heathkit
VIVM’s are built into the production
lines and test benches. Many manufac-
turers assemble Heathkits in quantity for their own use thus keeping
purchase cost down.

= ot

Heathkit instruction manuals contain

PARTS THAT FIT.

When you receive your Heathkit, you are as-
sured of every necessary part for the proper
operation of the instrument.

Beautiful cabinets, handles, two-color pan-
els, all tubes, test leads whe:e they are a
necessary part of the instrument, quality rub-
ber line cords and plugs, rubber feet for each
instrument, all scales and dials ready printed
and calibrated. Every Heathkit is 110 V 60 Cy.
power tranformer operated by a husky trans-
former especially designed for the job. Heath-
kit chassis are precision punched for ease of
assembly. Special engineering for simplicity
of assembly is carefully considered.

INSTRUCTION
MANUALS

complete assembly data arranged in a
step-by-step manner. There are pic-
torials of each phase of the assembly
drawn by competent artists with detail
allowmg the actual identification of parts. Where necessary, a separate
section 1s devoted to the use. of the instrument. Actual photos are in-
cluded to aid in the proper location of wiring.

Psed BY LEADING
UNIVERSITIES

Heathkits are found in every leading
university from Massachusctts to Cali-
fornia. Students learn much more when
they actually assemble the instrument
they use. Technical schools often in-
clude Heathkits in their course and
these become the property of the stu-
dents. High schools, too, find that the
purchase of inexpensive Heathkits allows their budget to go rauch
further and provides much more complete laboratories.
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CABLE: ARLAB—N.Y,

&
October, 1950

: BENTON HARBOR 'IS,

7 MICHIGAN

77

WwWww americanradiohistorv com


www.americanradiohistory.com

vy A

@

-
AT
®
SYM. o

3
3
=

fess INEXPENSIVE MODEL 5-2

Twice as much fun with your oscxlloscolzﬁ . -
_ observe two traces at once —— S€€ 1.fcl) b
the input and output traces of ar;l amp! 1af1d’
and amazingly you can control the size i
position of each trace se.parately~—supf |
impose them for comparison oL se%arate c;r |
observation —no connections nsi e slc]opi:
Al] operation electronic, nothing mec;.;lns
cal — ideal for classroom demonst]r)a_
_ checking for intermittents, €tC. 15}tlgr-
tion, phase shift and other giegects st vé ]
up instantly. Can be used witl afxy y}\)}e
or make of oscilloscope. So inexpenst
you can’t afford to be.wuhout one.
Has individual gain controls, pqsxtﬁgn-
ing control and coarse and fine switching é

rate controls — can also be used as sqlialrg
wave generator Over limited fange. ]
Volt transformer operated comes comp: ete
with tubes, cabinet and all parts. Oc%lplei
very little space bpside _the scope: Met:iel

et one. You'll enjoy 1t immensely. Mode.
§-2. Shipping Wt., 11 Ibs.

"YOU SAVE BY ORDERING

— — e —

EXPORT DEPT. ' s
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ELECTRONIC SWITC KIT

S e v

_IER?CT-FkOM MANUFACTURER—-USE ORDER BLANK ON LAST PAGE

TH COMPARN

PUSH-PULL

* New AC and DC push-pull amplifier.
* New step attenuvator frequency compensated input,
% New non frequency discriminating input control.

* New heavy duty power transformer has 68% less magnetic
field,

* New filter condenser has separate vertical and horizental
sections.

% New intensity circuit gives greater brilliance.

* Improved amplifiers for better response useful to 2 .megucycles.
* High gain amplifiers .04 Volts RMS per inch deflection.

* Improved Allegheny ludlum magnetic metal CR tube shield.

* New synchronization circuit works with either positive or nega-
tive peaks of signal.

* New extended range sweep circuit 15 cycles to over 100,000
cycles,

* Both vertical and horizontal amplifier use push-pull pentodes
for maximum gain,

The new 1951 Heathkit Push-Pull Oscilloscope Kit is again the best
buy. No other kit offers half the features — check them.

Measure either AC or DC on this new scope — the first oscilloscope
under $100.00 with a DC amplifier.

The vertical amplifier has frequency compensated step attenuator input

into a cathode follower stage. The gain control is of the non frequency
iscriminating type — accurate response at any setting. A push-pull

pentode stage feeds the C.R. tube. New type positioning control has
wide range for observing any portion of the trace.

The horizontal amplifiers are direct coupled to the C.R. tube and may

be used as either AC or DC amplifiers. Separate binding posts are
provided for AC or DC.

The multivibrator type sweep generator has new frequency compen-
sation for the high range it covers; 15 cycles to cover 100,000 cycles.
The new model 0-6 Scope uses 10 tubes in all — several more than
any other. Only Heathkit Scopes have all the features.

New husky heavy duty power transformer has 509 more laminations.
It runs cool and has the lowest possible magnetic field. A complete
electrostatic shield covers primary and other necessary windings and
has lead brought out for proper grounding.
The new filter condenser has separate filters for the vertical and
horizontal screen grids and prevents interaction between them,
Agn improved intensity circuit provides almost double previous bril-
liance and better intensity modulation.
A new synchronization circuit allows the trace to be synchronized
with either the positive or negative pulse, an important feature in
observing the complex pulses encountered in television servicing.

The magnetic alloy shield supplied for the C.R. tube is of new design
and uses a special metal developed by Allegheny Ludlum for such
applications.

The Heathkit scope cabinet is of aluminum alloy for lightness of
portability.

The kit is complete, all tubes, cabinet, transformer, controls, grid
screen, tube shield, etc. The instruction manual has complete
step-by-step assembly and pictorials of every section. Compare it

with all others and you will buy a Heathkit. Model 0-6. Shipping
Wt., 30 Ibs.
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Higher AC input impedance, (greater than 1 megohm at 1000 cycles).
New AC voltmeter flat within 1 db 20 cycles to 2 megacycles (600
ohm source).

New accessory probe (extra) extends DC range to 30,000 Volts.

New high quality Simpson 200 microampere meter.
New %% voltage divider resistors (finest available).

24 Complete ranges.

Low voltage range 3 Volts full scale (13 of scale per volt).
Crystal probe {extra) extends RF range to 250 megacycles.
Modern push-pull electronic voltmeter on both AC and DC.
Completely transformer operated isolated from line for safety.
Largest scale available on streamline 4%z inch meter.

Burn-out proof meter circuit.
Isolated probe for dynamic testing no circuit loading.
New simplified switches for easy assembly.

New |
LoW PRICE 523

The new Heathkit Model V-4A VIVM Kit measures to 30,000 Volts DC and 250 megacycles with accessory probes — think of it, all in one
electronic instrument more useful than ever before, The AC voltmeter is so flat and extended in its response it eliminates the need for separate
expensive AC VIVM’s. + or — db from 20 cycles to 2 megacycles. Mecter has decibel ranges for dircet reading., New zero center on meter
scale for quick FM alignment.

There are six complete ranges for each function. Four
functions give total of 24 ranges. The 3 Volt range allows
33159 of the scale for reading one volt as against only
209% of the scale on 5 Volt types.

The ranges decade for quick reading.

New 146 ceramic precision are the most accurate com-
mercial resistors available — you find the same make and
quality in the finest laboratory equipment selling for thou-
sands of dollars. The entire voltage divider decade uses
these 15 9% resistors.

New 200 microampere 414" streamline meter with Simpson
quality movement. Five times as sensitive as commonly
used 1 MA meters.

Shatterproof plastic meter face for maximum protection.
Both AC and DC voltmeter use push-pull electronic volt-
meter circuit with burn-ont proof meter circuit.

Electronic ohmmeter circuit measures resistance over the
amazing range of 1/10 ohm to one billion ohms all with
internal 3 Vole _battery Ohmmeter batteries mount on the
chassis in snap-in mounting for easy replacement.
Voltage ranges are full scale 3 Volts, 10 Volts, 30 Volts,
100 Volts, 300 Volts, 1000 Volts. Complete decading cov-
erage without gaps.

The DC probe 15 isolated for dynamic measurements. Negli-
gible circuit loading. Gets the accurate reading without

oo % kb b o

ncreases |
A 0 megoh nput res
300 Vol rapge pifde 30.000 ¥

istance
O Volts on
Put impedance

No. 3 g
pmbe%gf_ﬂlgh Voltage

Sheing we. $550

Feardicr r
rysial diod .
meg;(éygefri)e 11(\)'r o

wit
c{bﬁ: azlllndparts, crystal,
u

tends range ¢
© comes complere

disturbing tllme opcrgtion of thef instrument under test. Kit : type '
comes complete, cabinet, transformer, Simpson meter, test No. 309 R p
leads, complete ’assembly and instruction manual. Compare Shipping \xf,_Prlo?E Kit. $ 5 Q i
it with all others and you will buy a Heathkit. Model V-4A. * 3 b o
Shipping Wt., 8 lbs. Note new low price, $23.50
R
RER=-US.
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* New simplified circuit for easy calibration and assembly.
: * New 2 band built-in marker covers 19 to 75 Mc.

] * New dual spider sweep motor for long life.

* New blanking circuit gives base line for better alignment.

* New variable oscillator gives high output fundamentals on high TV band.

o * New standby switch keeps instrument ready for instant use.
° = BLE * New 6 to 1 slow speed drive on both master ascillator and marker tuners.
T AN 4 The new Heachkit TV Alignment Generator incorporates the new developments required for
@ﬁ : modern TV scrvicing. An absorption marker circuit covering 2ll possible IF bands and cven
v 1 several of the RF bands. The new blanking circuit provides a base reference line which is

invaluable in establishing proper traces. The new sweep motor incorporates dual spiders in
the spcaker frame assuring better alignment and long life. The mounting of the speaker
sweep motor has been simplified for easy alignment.

The variable master oscillator covers 140 to 230 Mc. thus giving high output fundamentals
where they are most needed. Low band coverage 2 Mc. to 90 Mc.

A new step attenuator provides excellent control of ourput.
Planetary 6 to 1 drives on both oscillator and marker provides smooth easy control settings.
A standby position is. provided making the instrument always instantly available.

Horizontal sweep voltage with phasing control is providqd No other sweep gencrator under
$100.00 provides all these features — comes complete with instruction manual. Model TS-2.
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ale. . |
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Checks paP
° electrolytics: irc
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N bl = for assembly and yeo tubes, tese probe

use. Mode] T.2.

’nagi T e, cabinet
¢ eye tubg, €D

1'\e\r anga?t,‘sag\(lear detmlsed ins!
er . 2

(zf}l Shipping W,

TUBE CHECKER KIT

. . Tests each element separately for open or
Fastest method of testing tubes — saves time short and quality.

Beautiful 3 color meter — reads good-bad

Fearures :
Sockets for every modern tube — blank for Gear driven roller chart gives instant setup
new types. for all types, &

B. -
— makes more profit. o

Rugged counter type birch cabinet. and line set point. = : .
Test your tubes the modern way — dynamically — the simplest, yet fastest and surest method — your Heathkit has a "
switch for each tube element and measures that element — no chance for open or shorted elements slipping by, all the 3

advantages of the mutual conductance type without the slow cumbersome time consuming setups.

Your Heathkit Tube Checker has all the features — beautiful 3 color BAD-GOOD meter — complete selection
of voluages — roller chare listing hundreds of tubes including rhe new 9 pin miniatures — finest quality Centralab lever
switches for each element — high grade birch counter type cabinet — continuously variable line adjust control —
cvery feature you need to sell tubes properly. The most modern type tube checker with complete protection against
obsolescence. The best of parts — rugged oversize 110 V. 60 cycle power transformer — finest of Mallory and Centralab
switches and controls, complete set of sockets for all type tubes with blank spare for furure types. Fast action brass gear
driven roller chare quickly locates the setungs for any type tube. Simplified switching cuts necessary testing time to
minimum and saves valuable service time. Short and open element check. Simple method allows instant setup of new
tube types without waiting for factory data. No matter what the arrangements of tube clements, the Heathkit flexible
switching arrangement casily handles 1t. Order your Heathkir Tube Checker Kit today. See for yourself that Heath again
saves you two-thirds and yet retains all the quality — this tube checker will pay for itself in a few weeks — better
assemble it now. Complete with instructions —— pictorial diagrams — all parts — cabinet — ready to wire up and
operate. Model TC-1 Shipping Wt., 12 1bs.

YOU SAVE BY ORDER!

DIRECT FROM MANDFACTURER— USE ORDER BLANK

CE

N LAST PAGE
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Featured

e Sine wave audio modulation. @ Transformer operated for safety.
® Extended range 160 Kc. to 50 # Calibrated harmonics to 150 megacycles.
megacycles fundamentals. ® New external modulation switch.

o New step attenuator output. ® 51to 1 vernier tuning for accurate
© New miniature HF tubes. settings.

A completely new Heathkie Signal Generator Kit. Dozens of improvements. The range on
fundamentals has been extended to over 50 megacycles; makes this Heathkit ideal as a
marker osciltator for T.V. New step atcenuator gives controlled outputs from very low values
to high output. A continuously variable control is used with each step. New miniature
HF tubes are required for the high frequencies covered.

Uses 6C4 master oscillator and 6C4 sine wave audio oscillator. The set is transformer
operated a2nd a husky selenium rectifier is used in the power supply. The coils are precision
wound and checked for calibration making only one adjustment necessary for all bands.

New sine wave audio oscillator provides internal modulation and is also available for
external audio testing. Switch provided allows the oscillator to be modulated by an external
audio oscillator for fidelity testing of reccivers.

A best buy — think ‘of all the features for less than $20:00. The entire coil and tuning assembly
are assembled on a separate turret for quick assembly — comes complete — all tubes — cabinet — test
leads — every part. The instruction manual has step-by-step instructions and pictorials. It’s casy and
fun to build a Heathkit Model SG-6 Signal Gencrator. Shipping Wt., 7 lbs,

sine AP LERATOR KU K1

[ Bequ"f f
AUDIO B g
Cang pe
5,000 y..C Fange.
X olts s to
S 19, Precic:..
. i
. or square Wave: ée“S'Ors. *1on ceramje
Either sine ©F ireuit. Chvenieny
stable RC b";‘g%&; cycles. ° ;;gus} confro;wmb type
Yo BV ot Mi .
CO"E:;:“ 1% distortion- § mo,,em‘;':"'mpere Meter
Less o Genel- ® Quul; |
. o it
ds of Heathkit Audi aufac- rectifiay, Sradley Ac
Hundre 1 by speakel fna e .8 MU’Hp’y,‘ng :
ators are P roof of their quality R :‘7’"985. YPe ohmg
Jefinite P d feature the conyen:
rers—— adde 10-30. Venieny
o The . a ur:: 300-1,000.5’ l’aggves’
mefter, Quality 3» built.in o

tructioft
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a“":‘{:“sﬁ:;;“(}_z' Shippiné
its.

BATTERY ELIMINATOR KIT

Peatures

& Provides variable DC voltage for all checks. @ Veltmeter for accurate check.
@ Locates sticky vibrators-intermittents. @ Has 4000 MFD Mallery filter for ripple-free voltage.

Even the smallest shop can afford the Heathkit Battery Eliminator Kit. A few auto radio repair jobs will
pay for it. It’s fast for service, the voltage can be lowered to find sticky vibrators or raised to fetret out
intermittents. Provides variable DC voltage 5 to 714 Volts at 10 Amperes continuous or 15 Amperes inter-
mittent. Also serves as storage battery charger. Ideal for all auto radio testing and demonstrating.

A well filtered rugged power supply uses heavy duty selenium rectifier, choke
input filter with 4,000 MFD of electrolytic filter for clean DC. 0-15 V. volt-
meter indicates output which is variable in eight steps. Easily constructed in
a few hours from our instructions and diagrams — better be equipped for all
types of service — it means more income. Model BE-2. Shipping Wr., 19 lbs.

NUFACTURER—USE ORDER BLANK ON LAST PAGE
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. HUNDREDS OF LABORATORIES USE

~—
~—

® Measures inductance 10 microhenries to 100 henries ® Measures resistance .01 ohms

to 10 megohms @ Measures capacitance .0000T MFD to 100 MFD @ Measures ‘Q°’

and power factor.
Measures inductance from 10 microhenries to 100 henries, capacitance from .00001 MFD to 100 MFD.
Resistance from .01 ohms to 10 megohms. Dissipation factor from .001 to 1. “Q"” from 1 to 1,000.
Ideal for schools, laboratories, service shops, serious experimenters. An impedance bridge for everyone
— the most useful instrument of all, which heretofore has been out of the price range of serious
experimenters and service shops. Now at the lowest price possible. All highest quality parts. General
Radio main calibrated control. General Radio 1,000 cycle hummer. Mallory ceramic switches with 60
degree indexing — 200 microamp type binding posts with standard 34” centers. Beautiful birch
cabinet. Directly calibrated Q" and dissipation factor scales. Ready calibrated capacity and inductance
standards of Silver Mica, accurate to 14 of 19 and with dissipatton factors of less than 30 parts in
one million. Provisions on panel for external generator and detector. Measure all your unknowns the
way laboratories do — with 2 bridge for accuracy and speed.
Internal 6 Volt battery for resistance and hummer operations. Circuit
utilizes Wheatstone, Hay and Maxwell circuits for different measurements.
Supplied complete with every quality part — all calibrations completed
and instruction manual for assembly and use. Deliveries are limited.
Model IB-1. Shipping Wt., 15 lbs.

\
NEW Wm&%’%&'z LABORATORY

X SUPPLY KT

® Supplies 6.3 V. AC ot .
G 'l;leavy duty :onstru:'i:f Ams;
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wer Supply Kit
for "experi-

" meter has

Milliamperes. The cipcu: and 0-200
tubes to vary theeaéfx‘:;;u:‘ses 2 5Y3 reciifier, rwo 1619 tubes as e] i
7147 x 137 3 7147 voltage with 2 single PO‘entiomeze;e ectronic control

Shipping We 18T Has instruction manual for assembly and usecﬁc)dr:lea}.ggrfs

Model AR-1 3 Band 2 2 ®
Receiver Kit covers
550 Kc. to over 20 The Heathkit FM Tuner
Mc. continuous. Ex- Model FM-2 was de-
tremely high senpsi- signed for best possible
| tivity. Shipping Wt., tonal reproduction. The circuit incorporates the
bs. most desirable FM features — true FM — ready

Model BR-1 Broad-
cast Model Kit cov-
ers 550 to 1600 Kc.
Shipping Wi, 10
¢ pounds.

W 51950

wound and adjusted coils — 3 stages of 10.7 Mc.

101
5 @ LF. (including limiter) .
s Tube lineup: 7E5 oscillator, 6SH7 mixer, two
@

G6SH7 1.F. stages, 6SH7 limiter, two 7C4 diodes
as discriminator, 6X5 rectifier.

The instrument is transformer operated mak-
ing it safe for connection to any type receiver or

Two new Heathkits. Ideal for schools, replacement of worn out receivers, amateurs and custom t r

ht o X amplifier. The R.F. coils are ready wci’und———
. Both are transformer operated quality units. The best of materials are used throughout — six glountec_i O“d.[he 5““”@ coRngensegl and ¢ _edcon~
inch calibrated slide rule dial — quality power and output transformers — dual iron_ core shielded gpser 15 adjusted — no R.F. coils to wind or
LF. coils — metal filter condensers and all other parts. The chassis has plhono input jackl—. 1 IO_fV_oIt a IXS[éalibrated six inch slide rule dial has vernier
outlet for phono motor and there is a2 phono-radio switch on panel. A large metal panel simplifying UniSelionfeasyltuning “Tielinesiparclare provided

installation in used console cabinets is included. Comes complete with tubes and instruction manual
incorporating pictorials and step-by-step instructions (less speaker and cabinet). The three band
model has simple coil turret which is assembled separately for ease of construction.

with all tubes, punched and formed chassis, trans-
formers, condensers and gomplete instruction
manual. Model FM-2. Shipping Wt., 10 lbs.

TR ————
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AMPLIFIER KI

Peatures

® Push-pull 6L6's.
® Full 20 Watts output.
3 @ Fully enclosed chassis.
» ® Provisions far reluctance pickup
» compensation stage.
@ Cased high fidelity output transformer.
@ Treble and bass boost tone controls.
@ Full range of output impedances 3.2 ohms

-
a 2750 - filense

HIGH FIDELITY
20 WATT

ECONOMY I3

_AMPL)

wa

FIER

TT PUSH.py,,

Kir

*1230

The finest amplifier kit we have ever offered — check the features. This incxpensive
amiplificr compares favorably with instruments costing five times as much. Nothing

17 Ibs. Complete with all parts, rubes and instruction manual.
Model A-5A Amplitier with preamplifier for
26

12" 20 Watt Speaker, No. 32

0
50

No. 304,

has been spared to provide the best reproduction — an ideal amplier for the new 12-inch Speaker.
Heathkit FM Tuner listed below.

Dual tone controls for control of both treble and bass. Bass control is of the thk; .
boost type for maximum listening pleasure. Optional preamplifier stage for use fProduction g, a“ Amplifier g Toc
with G. E. reluctance pickup or microphone. Uses inverse feedback to give cxcel- Phase inverqer sta very low price Hes'g""d © give qualiey
lent response over enure range. Tube lineup: 6SJ7 preamplifier stage, 6J5 phase Omplete i) sifc 20d push.pyj bea =9 o Preamp g1y 1y
splitter stage. two G6LG’s in push-pull and 5Y3 rectifier. (6SC7 as optional com- gm':: voice coil) ‘I:’Es‘: qualiry Outprl:)r ’:‘r’;‘c‘; ourpur, coﬁ;?s
pensaton stage ) T pares, : Y cased nstormer

Uses highest quality Chicago Transformer Corporation zased output transformer has Pictoria) f;‘s. ig"c and volyme Igg::‘;(r ]!mns&”mcr 'f,:?i 3]‘1‘
with taps of 3.2, 8, 15, 60 and 500 ohms 10 mawch any spcaker combination. k?‘ * 15 db fro $Y assembly, §; wazo s. Instrucion mmual
Power transformer is conservatively rated for continuous operation in sound systems. “,}' A new Jow Dr'm- 50 to . it lt outpur wirly rcs;;o ¢
Tone control gives maximum bass boost of 6 db at 70 cycles. Amplifier has maxi- €0 7 Ibs. ic¢. Better build Ori: ej‘\' A Quality nmpj,‘Psc
mum gain of 75 db. Response within 3 db 20 to0 20,000 cycles. Shipping W't., - Model 4.4 Shinmicr

g . Iupp,ng

569.5

Heathkit RECEIVERS and TUNER CABIN

—
o ¢

Order No. 350 for FM twner

Blonde birch veneer cabinet for either the receivers or tuner. Modern styling

15 an ass¢t (o any room. 5” speaker fits in end of cabinet when used with re-

ceivers. Size 7 x 1344 x 814 inches. Shipping Wt., 5 lbs.

Order No. 345 for either recciver

Metal professional type communications receiver cabinet. Finished in decp grey

to fit the pancl supplied with Heathkit BR-1 and AR-1 Reccivers ( pancl shown

not included with cabinet). 5 spcaker mounts in end of cabinet. Gives profes-

s\‘ignaléalppcar;mcc to Heathkit receivers. Size 7 x 14 x 734 inches. Shipping
t., 6 1bs.

5” Permoflux Speaker for cither cab

inet for use with cither Heathkit Receiv
No. 320 5” Spcaker. . $2.

75

- $459

No. 335 Cabinet for receivers only.

ETS

ORDER BLANK

7, HEATH COMPANY | Zro= Riet L
. arcel Post
BENTON HARBOR ]5, [J Express
MICHIGAN [J Freight
(PLEASE PRINT) [J Best Way
Quanfity Item Price Quantity ltem Price

|Heathkit Oscillosco_pe_ Kit — Model O-6
Heothkit T.V. Alignment Gen. Kit — 1S-2

Heothkit VTVM Kit — Model V-4A

Heathkit R.F. Probe Kit — No. 309

Heathkit FM Tuner Kit — FM-2 Heathkit H.V. Probe Kit — No. 336

Heathkit R.F. Signal Gen. Kit — M:idel_SG-é__

Heathkit Broadcag' Receiver Kit — Model BR-1

Heathkit Three Band Receiver Kit — Model AR-1 Heathkit Condenser Checker Kit — Model C-2

Heathkit Amplifier Kit — Model A-4 Heathkit Handitester Kit — Model M-1
e = S | TeAE T A s

| Heaﬁki?ﬁmgliﬁer Kit — Model_ A-5 (or A-5A)
Heathkit Tube Checker Kit — Model TC-1
. Heaothkit Audio Generalor_Kit — Model G-2

Heathkit Varioble Power Supply Kit — Model PS-1

Heathkit Resistance Decade Ki'_— Model RD-]_ _

[Hea'hki' Impedance Bridge Kit — Model |B-1
4 Pt G - e

Heathkit Battery Eliminator Kit — Model BE-2 Heathkit Signal Tracer Kit — Model T-2

Heathkit Electronic Switch Kit — Model §-2

Enclosed find []J Check [J] Money Order for

On Parcel Post Orders, include postage for weight shown and insur-
ance. (We insure all shipments.)

On Express Orders, do not include transpoctation charges — they will

be collected by the Express Agency at time of delivery.

Ibs.

Please ship C.O.D. [[] Postage enclosed for____

T HEATH CORMDPARY
... BENTON HARBOR IS,_ !EHIGI}E

EXPORT DEPT.

13 East 40th St.
NEW YORK CITY (18)

CABLE: ARLAB—N.Y.

October, 1930
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SAVE $

ON SUN

- SURPLUS AND

- STANDARD

CRYSTALS

SPECIALS!

Low Freq.

FT-241 A holder /2" pin spacing, for ham and general
use, Xtal controiled Signal Generators, marked in
army Mc harmonic frequencies—Directions for de-
riving fundamental frequencies enclosed. Listed be-
low by fundamental frequency, fractions omitied.
412 426 442 475 493 504 516 | 372 381 390 401
413 427 443 477 494 506 518 | 374 383 391 402
414 429 444 479 495 507 519 | 375 384 392 403
415 431 445 481 496 508 522 g;? gBG 393 404

418 434 447 484 498 511 379 388 395 408
419 435 448 485 503 515 380 396 409

422 437 468 488 each 400
423 438 472 490 49¢ each each

& M a2 wess | 39¢ | 79¢
B EMMT Frequency | SPECIAL 200 ke
iRT111 B G Standard  [Xtals without holders
) U] e
1166 f| $3.98 lstor . ..52.00

£10.555 each

HAM CRYSTALS

FT-243 holders '4” pin spacing, for ham and ex-
perimental use. Fractions omitted.

410 GL40 70 8273 3735 5850 6806 7573
400 6173 773 8306 5305 5873 7306 7640
f4A5 F206 7806 5677 5875 7340 7673
GIN6 5208 1840 5700 5900 7373 7706
G0 2773 1873 5706 5906 7406 7806
4073 6540 196 5740 5925 7440 8173
6075 6873 /925 5750 5940 7473 8340
6100 6906 1973 5760 5973 7506
6106 6973 4240 5773 5975 7540
each 57(7]5 6273 Gl each
5806 6340
49¢ 5825 6373 99
10 for $4.50 5840 6406 10 for $9.00
SCR~522 BC-610 XTALS

XTALS . 2 banana 5’4'1';95

045
5910 6610 7580 | 2105
6370 7350 7810 | 2125
6450 7480 7930 | 2145
6470 2155

gd%g each 2220
522. 2258
s 1.29

Ya” E1-1.9
3215 3570

Payments must accompany order. Enclose 20¢ for
postage and handling. Minimum order $2.00 plus
postage. Crystals shipped packed in cloth bags in-
asmuch #s they are shock mounted. All shipments

guaranteed.

"REDUCED FOR CLEARANCE

Bendix 100 Watt
Transmitter
4 separate ECQ's with
tubes,
4-125K7. Complete
instructions for con-

3-807,

et y
qw}...

i

verting to 10, 20, 40, and 80 meters sup-

plied. Only a few left

at this low price!

$29.95 wuxe New | $19.95 usep

FAMOUS
WEBSTER
WIRE
RECORDERS

Orig. $137.50
Sensationally Reduced to 585

These are brand new (#7)

models but discontinued

That's why Sun can offer them at this low, low price!
They operote by simple foot control that leaves honds
free . . . takes dictation, transcription and play back.
Use wire over and over agoin. Terrific buy!

All items F. O. B,, Washington, D. C
TERMS: All orders $30.00 or less, cash with
order. Above $30.00, 25 per cent with order, bal-
ance C.0.D. Foreign orders cash with orders, plus

exchange rate.

"UN RADIO

I3 FSTREET. NW.-WASH- 4. D.C.

G, Znayfamaiid_
CONDENSER AGER

Rejuvenate those electrolytics. Don’t take a chance

on that old condenser and burn out a power supply.

By

JAMES W. LASSITER

ROM time to time the experi-

menter can obtain electrolytic

condensers at greatly reduced
prices, and he often has a number scat-
tered around which have not seen use
for months. All electrolytic condens-
ers show a decrease in leakage re-
sistance after a period of idleness, and
initially may leak as much as five mil-
liamperes per microfarad of capacity
when first placed in use, this leakage
current dropping rapidly to normal
amounts in from three to ten minutes,
depending on rated voltage. The great
disadvantage of this is the possibility
of overloading the transformer and
rectifier during this initial period, with
consequent burnout.

This disadvantage is easily overcome
by aging the condenser through the ap-
plication of voltage prior to its use,
just as was done during its manufac-
ture. Commercial designs for aging

devices call for heavy duty parts. all
expensive. The design covered in this
article will apply up to 600 volts d.c. to
the condenser, and the resistance of the
condenser at the applied voltage is eas-
ily determined.

The circuit is unusual in that the
secondary of a center-tapped trans-
former is used with a full-wave recti-
fier for lower voltages, and by means
of a switch, with a half-wave rectifier
for higher voltages. The peak inverse
voltage is kept within the rectifier rat-
ing, and current flow is sufficiently low
to prevent core saturation in the trans-
former secondary. In lieu of a vari-
able resistor in the transformer pri-
mary (for voltage control), which
would require a separate filament
transformer, a 17-position, single-pole
switch is wired as a rheostat.

As the circuit resistance is known at
any position of the switch, the resist-
ance of the condenser is found by meas-
uring total circuit voltage, the voltage
across the condenser, and then solving
by the proportion: Total circuit volt-
age minus condenser voltage is to

Circuit diagram. It will give you quality status of electrolytics up fo 600 v. d.c.

e .

‘—‘\ S|

117 V.AC.

RS

RIO

Rl

<
Ri<
CHIT
b Gt czl <£
RZS' =E T § R3
< 3

RI2

S AAAM

R—50,000 ohm, 5 w. wirewound res.
Ro—3.3 megohm, 1 w. res.
R., Ryg—5000 ohm, 10 w. wirewound res.
—2.2 megohm, Y5 w. res.
Rs—1 megohm, Vs w. res.
R¢—270,000 ohm, Y5 w. res.
R—180,000 ohm, 1 ». res.
R«—150,000 ohm, 1 w, res.
Rg—120,000 ohm, 1 w. res.
R1;—90,000 ohm, 2 », res.
R1;7—60,000 ohm, 2 w. res.
R1:—12,000 ohm, 1 w. res.
Ry;5—10,000 ohm, 1 w. res.

R,,—9000 ohm, 2 w. res.

R,;—8000 ohm, 5 w. wirewound res.

R1—7000 ohm, 5 w. wirewound res.

R{—6000 ohm, 5 w. wirewcund res.

Rg—5000 ohm, 5 w. wirewcund res.

C,, C.—4 ufd., 1000 v, cond. (See text)

CH1—15 hy., 50 ma. choke (See text)

S1—S.p.s.t. sw.

So—d-pos. d.t. sw.

Sa—17-pos. s.t. sw.

T\—Power trans. 240-0-240 @ 40 ma.; 5 ».
@ 2 amps.

Vi—35Y3GT or 80 tube
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“BEAES MAGIE WA WIME

My G-E tube sales
prove it!”

T EmE—TT—

4 PERT RADIO AND

= 5 TELEVISION SERVICE

ALL MAKES AND ODELS

-1_._-

TUBES

UYERS realize they’re getting top quality with

[l Do 1V General Electric. That's why I sell more G-E tubes
nﬂh JUUK!"— FnR faster. It’s mighty profitable business for me!” Thou-
A Ll -“l U nl '['U Uft sands of radio-TV servicemen agree. Their cash regis-

TV PICTURE TUBES ters have rung up the gratifying figures. . . . Want to

share in this bonus of extra tube sales, extra profits?
See your G-E tube distributor! He'll be glad to explain
how General Electric—not content with supplying a
first-grade product and setting the pace in new tube
design—helps you harvest sales by vigorous promo-

REQUIREMENTS!

TV PICTURE TUBES
METAL TUBES
GLASS TYPES

MINIATURES tions, arresting displays, colorful signs that guide steps
—also GERMANIUM DIODES - ,,.. - to your door. The illuminated G-E window sign above
and SELENIUM RECTIFIERS. ﬁm’ is an example. Your G-E tube distributor supplies
Stock G-E 100-percent, to sim- ’bi ' these. Write us and let us put you in touch with him.
plify °"{eri".9—be"efi’ from ! Address Section 181, Electronics Department, General
ik delentes—phofil-fom E - Electric Company, Schenectady 5, New York
General Electric tube quality 3 )2 '

and popularity,

»./'/‘ N / . .
& C@N pil Yol ('('///// C2CC 272 —n
Sy

GENERAL &) ELECTRIC

MINIATURES > 101-0A7
85

October, 1950
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T e ke B (i known resistance as condenser voltage
is to condenser resistance. Because of
the high circuit resistance a vacuum
tube voltmeter is advisable.

In practice, a fairly large resistance
is introduced into the circuit and di-
rect readings of the voltages developed.
are taken. As the condenser ages, the
voltage across it rises, and this voltage
is readily adjusted by varying the cir-
cuit resistance. Electrolytic condens-
ers should have a resistance in excess
of 500,000 ohms at the applied voltage.
Time required to age the condenser
will vary with shelf time, capacity, and
voltage rating, all of these factors in-
creasing the time. Seldom will more
than a very few minutes be necessary.
Values have been chosen to give a wide
range of control.

The author combined the tester with
a power supply for experimental pur-
poses. For those not wanting this fea-
ture the condensers and choke may be
omitted, and a simple RC filter for
meter protection substituted if desired.
The total cost, with condensers and a
5"x9"x3” chassis, was less than $10.

SOMETHING FOR
NOTHING?

By ROBERT HERTZBERG

RAYTHEON

OST radiomen get their first prac-

RADIO AND T vl . tical circuit excperience by poking
' : v around the chassis of an ordinary five-

TELEVISION ; tube a.c.-d.c. receiver. If you have a

TUBES [Raytheons are Right. . . for Sound and voltohmimeter, you can have a bit of

- ' Sight because they are designed by the ’ fun. Set it for a.c. and touch its leads

ploneers,and.legders in the field of radar and electronics — by to the chassis and pin 5 of the 3573
engineers who never sacrifice quality of construction and » (see Fig. 1); it will read the line voltage,
psrogngnce forprice; B say 120. Shift the meter to d.c. and
When you Replace with Raytheons you give your customers Y/ touch the probes to ground and Point
finer visual and audio reception, a clearer picture, purer tone, A in the diagram. The latter is repre-

and longer, more dependable performance, When you

: sentative of the transformerless power
Replace with Raytheons you give yourself satisfied customers.

} supplies in general use. You’'re expect-
Ask ‘your Raytheon Distributor_about Raytheon Quality Tubes B ing a lower voltage, because you know
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