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How Cunningham “Inverted” Pinched
Cathodes Minimize Microphonics

Engineering progress is part and parcel of
Cunningham quality. For instance . . . unlike
most tubes Cunninghams use “inverted” pinched
cathodes to minimize microphonics by prevent-
ing cathode vibration or displacement.

These important features are achieved by
clamping the mica firmly between the embossed
bead and the pinched top end of the cathode.
This arrangement holds the upper end of the

cathode rigidly, but permits the heated cathode
to expand freely downward through the bottom
mica without producing cathode strain. The
lower end of the cathode is prevented from
vibrating by means of the damping tab con-
nected between the cathode and a stem lead.

The “inverted” pinched cathode is only one
of the many improvements which account for
the first-line quality of Cunningham tubes. It
serves to explain why experienced servicemen
use Cunninghams consistently.

ALWAYS KEEP IN TOUCH WITH YOUR CUNNINGHAM DISTRIBUTOR

ELECTRON TUBES

RADI/O CORPORATION of AMERICA

HARRISON, N. J.
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:(f;;d(;ll:o:x;;; America’s Fustest Browing Industry

irpeirees Offers You GOOD PAY--SUGGESS

Want a good-pay job in the fast growing RADIO-TELE- I TRAI N ED
You conduct many tests and experiments with equip- VISION Industry? Want a money-making Radio-Television J

ment built from materials 1 furnish. Some of the shop of your own? Here’s your opportunity. I've trl?'fl%elg THESE MEN

equipment from my Servicing Course and some from  hundreds of ‘men to be Suég‘zi)sg‘élg%ggcmﬁ tosted  and
my Communications Course is shown below. Everything WITH NO PREVIOUS . Y. You I “I am operating my
I send is yours to keep,  Proved train-at-home method makes learning easy. You learn r own Radio Sales_and

N Radio-Television principles from illustrated lessons. You get oy o Servncedbl:!glregs: With

practical experience building, testing, experimenting with &-g o] e
MANY KITS OF PARTS I send. Allequipment yours tokeep. . yvery profitable fu-

MAKE EXTRA MONEY IN SPARE TIME ey A 'RRtiCKNIEmEE Bis.

“N.R.I. was my step-
The day you enroll, I start sending SPECIAL BOOKLETS  ping stone from a few
that show you how to make $5, $10 a week or more EXTRA :“}f‘&:“‘:;‘;?’;gﬁ)‘-g}g‘f
MONEY fixing neighbors’ Radios in spare time while learning.  gineer. Make extra
From here, it's a short step to your own shop or a good-pay proney) su;;m:x lRa_l p
Radio-Television servicing job. Or be a licensed Radio-Tele- %S R pd et iR, (8

ol 5 “Before finishin
vision Operator or Technician. g course, 1 earned nbou‘{

TELEVISION OFFERS BRIGHTY FUTURE SilkayweekxingfiRas

dios in spare ume
Today there are nearly 2700 Radio stations on the air—and S IT e ol M AR
within three years experts predict there will be over 1000 Tele- 7 ° . et"‘ . iami. Florida.
vision Stations. Then add developments in FM, Two-Way obtained” for e bo
Radio, Police, Marine, Aviation and Microwave Relay Radio! your Graduate Service fe
Think what this means. New jobs, more jobs, good pay for gﬁl";‘i})e({\;‘" ];‘gl‘i"ceu}igf i
qualified men. dio Station WQOX.” . e =

T. S§. Norton, Hamilton, Ohio.
g " Am tied in with two
i Television outfits, and

© Recommend N.R.L"—

. [  do warranty work for
M,J dealers. Use N.R.1.
texts often.”— Robert

Dohman New Prague, Minn.
“Four months after ]
enrolling for N.R.I. i

Act now! Send for my FREE DOUBLE OFFER. Coupon entitles you to course, was - able to i !

actual lesson, "GETTING ACQUAINTED WITH RECEIVER SERVICING.”  service Radios: aver- * H
It shows you that learning at home is aged $10-$15 8 week A i
easy. ‘practical. You also get my 64- in ¢pare time. —W.

page book, “"HOW TO BE A SUCCESS W ;

N RADIO.TELEVISION.” ~ It tells "yde'__gm"“’“ P i

what my graduates are doing and earn- -R.I. helped me ret
. position as Radio Me-

RCQUI tng. Send coupon in envelope or paste H A A
(‘.E\'““ R Sﬂ“ on penny postal.. J. E. SMITH, Presi- chanic with United
R“u“ dent, Dept. ODR, _ National Radio Airlines. Have Radio-
Institute, Pioneer Home Study Radio ‘Ek‘phm‘? 2nd  Class
School. Washington 9, D. C. License.” - Lehman

Hauger. San Bruno, California,

"‘”"Be a
Success

MR. ). E. SMITH, President. Dept. ODR ]

National Radio Institute, Washington 9, D. C.

.1
Mail me Sample Lesson and 64-page book about How to Win

Success in Radio-Television—both FREE. (No salesman, will s

call. Please write plainly.) l

Name LAge. . . B

GET THIS TRAINING ' Address ;

v E T E R A WITHOUT COST 1 City... .- e ZOTIEL State...... . 3
g . UNDER G. I. BiLL a Check 1f Veteran Approved Under G. L. Bnll

meﬂ- - R Sl SR EED P D BB 5 G5 b U &N AT Uh ) D aY U8 8 &
April, 1950 3

www americanradiohistorv com


www.americanradiohistory.com

Editar
OLIVER READ, Litt.D., WTETI -

Monaoging Edifar
WM. A. STOCKLIN, B.5

Technical Edifor
~H. 5. RENME, M.5.

Associote Edifor
RAY FRANK, WoIU

Ceontributing Editer
R. HERTIBERG, WZDJl

Television Consullcal
MILTOM 5. KIVER

Shart- Wove Editor
KENMETH R. BOORD

Ediforial Assistants -

I. M, CARROLL .

E. V. HITZEL
P. B. HOEFER

Staff Artist

R. 5. KUPJACK
An‘ruﬁﬂng Manager:
L. L. OSTEN

Midwest Adv. Monoger
JOHN A. RONAN, IR,
Art Directar
HERMAN R. BOLLIN

COVER PHOTO: J. J. Barry, Wm. Thomas,
and B, H. § eirs record off-the-line pro-
rams at ABC's Central Division, Chicago,
or later broadcast to network outlets.
(Kodachrome by Arthur E. Haug)

Chairman of the Bonrd and’ Publiter
WILLIAM B. ZIFF

Presidenf
B. G. DAVIS

Secrefory-Tragsurer
ARTHUR T. PULLEN

Vice- Presidants

MII:HAIL H, FROELICH
Dir. Eastern Div.

H. J. MORGANROTH
Production Directar

H. G. STRONG
Circulotion Director

BRANCH OFFICES

MEW YORK (1)
Empire State 8ldg., Wi F.0400

b LO5 ANGELES [14)
B15 5. HiN 51, TUcker 9213
Manager, WILLTAM L. FINMNEY

RAD O:

First in TELEVISION

raclio -le/eui.&ion -e/ecb'onl'cd N E w s

Average Paid Circulation over 200,000
Radio News Trademark Reg. U.S. Pat. Office No. 378427 @ Television News Trademark Reg. U.S. Pat. Office No. 517468
Radio & Television News Trademark Reg. U.S. Pat. Office No. 517028

CONTENTS APRIL, 1950

Putting TV on the Air Charles F. Abel 3%

The Electronic Switch Victor Beckstrom

ABC Uses Magnetic Tape for Delayed Broadcasts............ Byron H. Speirs

The Mini-Rack Modulator John F. Clemens, woerN 42
Multiplex TV Antenna Systems for Stores............. Robert L. Donaldson 45
Radioactivity "'Sniffer" Alvin B. Kaufman 46
Constant-Resistance Network Inductor Design....Jack D. Gallagher, wsHzs 48
A TV Linearity-Pattern Generator Robert N. Vendeland 49

Design Considerations for High-Quality Reproducing Systems (Part 1)........
.Herb Matthews 52

Linearity Distortion in Audio Equipment................... Glen Southworth 54
Mac's Radio Service Shop.... Jonn T. Frye 56
Modern Television Receivers (Part 24) Milton S. Kiver 57
No Space for an Antenna? Stan Johnson, w@isy 60
R.F. Power Output Meter for V.H.F. and U.H.F...... J. A. Houser, wavcm 63
Transmitter Keying and Biasing Problems............ James N. Whitaker, w288 64
An L-C-Q Meter Wm. K. Brookshier 67
An Intercom from the BC-605 Daniel Schulman 140
FM Quiz Ed Bukstein 152
DEPARTMENTS
For the Record............ The Editor 8  What's New in Radio....cococooco... 8l
Spot Radio News.....ccccooecucune.e. 16  Letters from Our Readers.......... 86
Within the Industry....cccceeeeecne 26  Manufacturers' Literature .......... 90
Short-Wave.............. K. R. Boord 62 New TV Products.....ccccoeeecieanec. 98
MARS 77  Technical Books .....cceovveeeene...e. 123
‘ AFCA News oroooerrecrrier 54
s Z 185 North Wabash Ave., Chicago 1, Ill.
?”’WG goiv‘ VOLUME 43 e NUMBER 4 aupomber

Circulations

RAD TELEVISION \x-:ws is ublished monthly by the Ziff-Davis Publishing Company. 185 N. Wabash Ave., Chica
lllos‘ﬁburipuon tes: p ued States $4.00 (12 lnuen) single copies 35¢; in anada $4.00 (12 luues) linf)a
co ies 40e¢; in Mexico, Smnh md C 1 America, and U. S. Possessions. $4.00 (12 issues); in British Empire
(12 issues)—all other foreign countriel 85 00 (12 issues). Subscribers should allow ut least 2 weeks for chm e of
address. All communications ubout subscriptions should be addressed to: Director o( Circulation, 185 N. Wabash Ave.,
Chicago 1, 1ll. Entered as second class matter July 21, 1848, at the Post Office, Chicago, Illinois, under the Act of
March 3, 1879. Entered as second class matter at the Post Office Dept., Ottawa, Canada. Contributors should retain a
copy of contri and eturn Contributions will be handled with reasonable care but this magazine
assumes no relpomlbiuty l‘or meir safety. chopted material is subject to whatever revisions and byline changes
that are necessary. ?' t made at our current rates, covers all authors’, contributors’ or contestants’ rights, title
AN lntoreu in and to accepted material, inciuding phowzrnpnt and drawings.

RADIO & TELEVISION NEWS
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: Get Your FCC Ticket

Better Pay

N Jobs leading to
%& $3,000 to $7,500
c 7‘ (Average Pay Reported by FCC
Greater Security Nationwide Survey)

. are opening up

N

A Nice Home { right now for
want ’ ) FCC Licensed
e = Happy Vacations

A New Car and Travel Ra-diomen.
d Technical Training to Your Practical Experience and

COMMERCIAL |

Y

Which &= _
= 4

It's EASY if you use CIRE Simplified Trainingand [T TV AL AL
coud‘ing AT HOME in SPARE TIME [. Tells of Thousands of Brand New Bet-

Get your license easily and quickly and be ready for the jobs open : . . }
to ticket holders which lead to $3000-7500 yearly (average pay :fégag_mg Ralciiolj‘)bs Now Open to
reported FCC Nationwide Survey). icense olaers.

OURS IS THE ONLY HOME STUDY COURSE 2. Tells How We Guarantee to Train

and Coach You Until You Get Your
FCC License.

3. Tells How Our Amazing Job-FIND-
ING Service Helps You Get the Bet-
ter-Paying Radio Job Our Training

Prepares You to Hold.

OF COACHING AND TRAINING

PRIMARILY PLANNED TO LEAD
DIRECTLY TO AN

FCC COMMERCIAL LICENSE

Your FCC ticket is always
recognized in all radio fields
as proof of your technical ability

CIRE Job-Finding Service
Brings Amazing Offers of Jobs!

“Ilave found and accepted a position
at KWAD in Wadena, Minn.
I am indebted to CIRE for 1 secured
this position through the help of the
CIRE Job-Finding Service. I had six other
offers from stations receiving my employment ap-
plication and CIRE reference.

Student No. 2760 AT
“I now hold ticket Number P-10-3787, and holding the li-
cense has helped me to obtain the type of job I’ve always
dreamed of having. Yes, thanks to CIRE, I am now working for CAA
as Radio Maintenance Technician, at a far better salary than I've ever
had before. 1 am deeply grateful.” Student No. 3319N12
“T am working at WRJM as transmitter engineer, and I received this
position in response to one of the employment applications sent me upon
completion of my course and the receiving of my Diploma. I received
my 1st class Radiotelephone License on March 2, 1949. I want to ex-
press my sincere appreciation to the staff of CIRE.”

Student No. 2608 AT

CLEVELAND INSTITUTE OF RADIO ELECTRONICS
Desk RN-16 4900 Euclid Bldg. Cleveland 3, Ohio
Approved for Veteran Training under “G.1. Bill of Rights’

April, 1950

CLEVELAND INSTITUTE OF RADIO ELECTRONICS

Desk RN-16, 4900 Euclid Building, Cleveland 3, Ohio
{Address to Desk No. to avoid delay.)}
T want to know how I can get my FCC ticket in a few short weeks by

Making FCC License Information,” as well as a sample ‘FCC,;tyne exam
and FREE booklet, “How to Pass FCC License Examinations, (does not

n
]
]
; i
training at home in spare time. Send me your FREE booklet “Money I
¢ ]
cover exams for Amateur License). i

1

i

]
[0 Veterans check for enrollment information under G. 1. Bill. |
-----—--------n---m--m---‘
3
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YOU BUILD ’EM
IN ONE EVENING
puT"

LABORATORY

sto w”” PRECISION

INSTRUMENTS

& KITS

cies between 500 kc. and 228 me. ¢ Sweep-
width variable from 0-30 me, with mechanical

tuning condenser., Comes complete wlth all tubes (including
new, high-frequency miniature types): 6X5GT, 12AU7, two

1CO Model 360-K TV-FM SWEEP
« Crystal marker oscillator with variable ampli-
tude. ¢ Covers all TV and FM alignment frequen- 52995
inductive sweep., o Extremely wide sweepwidth
allows gain comparison of adjacent RF TV
Channels. » Provides for injection of external
signal generator marker. ¢ Phasing control included. ¢ Large,
easy-to-read dinl is_directly calibrated in frequencies. Vernier
6C4’s. Crystal not included. 10”x8"x 63/4”. 5 Mc. Crystals "avail-
able for above, each $3.95.

FACTORY-WIRED AND TESTED $39 95
Model 360. Ready to use Sweep Signal Generator. Q
See it at your local jobber!

VERSATILE MULTI-
SIGNAL TRACER

Model 14S-K. High gain—high
frequency. Self-contained test
speaker permits audible signal tracing of RF,

NEW! MODEL 320-K
SIGNAL GENERATOR

For FM, AM alignment and to pro-
vide TV marker frequencnes Highly stable

Hartley oscillator has range of 150 kc. to 102
mc. with fundamentals to 34 mec. Colpitts
audio oscillator supplies pure 400 cycle sine
wave voltage for modulation. Vernier tuning
condenser. Use audio oscillator voltage to test
distortion in audio equipment, bridge measure-
ments, etc.

FACTORY-WIRED AND TESTED

Model 320. Ready to use. .. 529 95

FACTORY-WIRED AND TESTED
Model 14S.

IF, FM, audio and video circuits. Provnslon
for v1sual tracing with VTVM. Response is
well over 200 mc. 3-color hammertone panel.
110-125 V., AC, Size: 107x8”x4 3", Comes
complete with tubes and diode probe in kit

$28.95

Ready to operate

EW PUSH-PULL HIGH PRECISION

OSCILLOSCOPE
Meodel 425-K Kit

ALL-NEW laboratory precision

scope has Push-Pull deflection and .08 to .1
volts per inch sensitivity. Wide range, flat from
5 cps to 500 ke. with full gain setting, useful
to 2 me. i
circuit from 15 c¢ps to 75,000
nection to plates of CRT available at rear of

cabinet.

included. Size:
é-nh 3—6SN7s, 2—6J6s, 2—6Y¥3s, and 6BP1

RT.
FACTORY-BUILT OSCILLOSCOPE
Modet 425. Fully wired and tested

Model

l‘ull

ohms /0 /1
meter —8 to +55 Db

511-K. A
every serviceman!
mstrument used a thousand times

etched panel
imj

57 TV

$399.5

Wide-range, multi-vibrator, sweep
cps. Direct con-
Z axis intensity modulation feature
8Y5”x17”x13” high. Complete

$69.95

DELUXE SIGNAL
GENERATOR

MODEL 315

Completely wired, ready-to-
use Signal Generator with 19
accuracy! A wonderful instru-
ment with dozens of expensive
features. Frequency range: 75
ke to 150 mc. Has microcycle
band-spread vernier tuning for
FM, AM, and TV. Voltage reg-

ulator. Write for 559.95

full details.

VOLT-OHM
MILLIAMMETER
Complete Pocket Kit

“Must®
Small,

for
handy

e 3” meter. beauti-

A perfect kit
m-

= $14.95

ASSEMBLED-—-READY TO USE

Model
tested,

511 — Completely
and assembied

w xrcd.

faciery, Tusied Wil 617,95

VACUUM TUBE
VOLTMETER
Model 221-K

Tops in _workbench
ranges!
1000 volts.

and DC ranges:

ment, 26

ance.
rubproof panel.
and 200 MC.
P-76 probes. 110-
Size: 9 7/16”x6”x5”.

i FACTORY-WIRED AND TESTED
Model 221. Same, but completely
wired, calibrated, and tested.

Model
HVP-1

HIGH VOLTAGE PROBE

Complete top-quality Voltage Test Probe Measures
up to 30,000 Volts. Special Helical-Wound Ce-
ramic HV Multiplier Resistor adaptable to most
VTVM's and all 20,000 ohms per volt meters with
1000 or 5000 volt scales. Lucite head, plywood
bakelite handle, large flashguards for additional
safety. Specnf,’ your instrument. Complete, ready

Be.. $6.95

SEE THEM—TRY THEM— |
AT YOUR LOCAL JOBBER!
EICO Instruments and Kits
are on display at your local
jobber—the nationally ad-

vertised kits which you
can see and use before you
buy. You take no chances
with EICO!

strument Kit.

structions!

versatility—15
0/5/10/100/a00/
Electronic ohmmeter ranges from
.2 ohms to 1000 megs in 5 steps.
include Zero Center for TV discriminator align-
Meg. DC input impedance.
4%/2” meter cannot burn out. Double triode bal-
anced bridge circuit assures guaranteed perform-
Sturdy portable steel base with etched
Will measure up to 30,000 V.
when used with our HVP-1 or
130 V.

1iTeren

New features

Accurate,

AC 50-60 cycle.

$49.95
HIGH FREQUENCY RF PROBE

%:::'::m.

Model P-75K germanium crystal probe for
visual RF signal tracing and measurements to
over 200 megacycles. Can be used with models
221 or 113A Eico instrument g'state which
when ordering). 6347 long, Ya 0.D., with
wire, plugs, and all components.

IN KIT FORM . .$3.75
Model P76K same as above, but for oscillo-
scopes; in kit form. ... .$3.75
Models P75 or P76 similar to above but fac-
tory wired, ready to operate. Each...$7.50

EASY-TO-FOLLOW SCHEMATIC & FUZF

PICTORIAL DIAGRAMS

Come complete with every EICO In-
Each kit fully guaran.
teed to operate perfectly when as.
sembled according to our simple in-

EXCLUSIVE LIFE-TIME REPAIR

Write For New Catalog *“R"™  SERVICE:
Prices Higher on West Coast

ELECTRONIC
276 Newport Street, Brooklyn

www americanradiohistorv com

INSTRUMENT CO,,

For a nominal charge, we
will repn(r and service your EICO in-
strument, regardless of its age!

INC.
12, N. Y.

RADIO & TELEVISION

NEWS
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Only D.I.I

offers you the

RADIO ELECTRONICS
Laboratory Type
HOME TRAINING ,

OPTIONAL }
FEATURE
Youlearn-By-Do-

Bu'uld cmd Keep IO >l2 Ya or 16 inch Pucture :Tub-e Qucil'i;ty ime from DI1os
TEI.VISION RECEIVER as you prepare for a Profitable Future (RN FLRORAS

Here is everything you need to prepare you at home for
FASCINATING WORK, GOOD MONEY and a THRILLING
FUTURE in one of America's most promising fields.
R-F SIgnal e This includes the opportunity to build and keep the top
Generatur ' quality Television Receiver shown above—with choice of
~ al0,12% or 16 inch picture tube that gives big, bright,
sharp, steady pictures. Get the complete facts. This is an
optional feature — available when you complete your
training described below. See how D.T.I.'s wonderfully
. practical "'BIG 5’ method meets industry’s needs. No
- previous experience needed. Mail coupon today!

16 Big Shipments of Parts — Plus Lessons
Work over 300 electronic experiments and projects from
16 big shipments of parts. This includes building and
keeping all test equipment and radio set shown at left
side of page. Modern easy-to-read lessons with handy
fold-out diagrams simplifies your entire training.
You Also Use Home Movies
D.T.l, alone, includes the modern, visual training

aid . . . MOVIES to help you learn faster, easier
at home. See electrons on the march and other

e i

. You learn-by- Read:ng
o fromD.T.i's MOD.
~ ERN LESSONS

e

P, =

T
S

L
o
4

ke

i

5 fascinating “hidden action"—a remarkable home < } NEGN'IVEIYCHNEEV

3 P : b :

& training advantage that speeds your progress. LG N . ELECTRONSFLD"
When you complete your training, our effective ‘ You Learn-by-Seeing
Employment Service helps you get started toward \ from DT 1.'s HOME

a real future in Television-Radio-Electronics. A MOVIES

Modern Laboratorjes Sl . ool -
If you prefer, you can get ALL your L '_ :: sQLJJDO N TO &my::g%%ﬁ

preparation in our new, Chicago train-
DeFOREST'S TRAINING, INC.

ing laboratories . . .
one of the finest of

6 Tube its kind, Ample in-

Radio structors ... modern 2533 Norfh Ashland Avenue,Depf.RN-G-4
' equipment. Write . . .

Receiver for details! Chicago 14, lllinois.

Without obligation, give me complete facts showing how | may
make my start in Television-Radio-Electronics,

DeFOREST’S TRAINING, INC.

Name . Age
Chicago 14, lllinois Street___ Apt
A DeVry Institution City Zone___State
April, 1950 %
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no waiting, saves power N\ 3

RIGID-TIP
latest in tip

engineering
LONGER REACH/
full 5% inches

SOLDERLITE
spotlights the work

STREAMLINED
perfectly
balanced

DUAL HEAT
single heat
200 watts,
dual heat
200/250
watts;

115 volts,
60 cycles

You can do every kind of soldering
with this new 250 watt Weller Gun.
Power-packed, it handles heavy
work with ease—yet the compact,
lightweight design makes it equally
suited for delicate soldering and
getting into tight spots.

Pull the trigger switch and you
solder. Release the trigger, and off
goes the heat—automatically. No
wasted time. No wasted current. No
need to unplug the gun between
jobs. ‘Over and under’ position of
terminals provides greater visibility
with built-in spotlight. Extra 5%”
Iength and new RIGID-TIP mean
real soldering efficiency.

Chisel-shape RIGID-TIP offers
more soldering area for faster heat
transfer, and new design gives brac-
ing action for heavy jobs. Here you
get features not found in any other
soldering tool...advantages that
save hours and dollars. Your Weller
Gun pays for itself in a few months.
Order from your distributor or write
for bulletin direct.

SOLDERING TiPS—get your copy of
the new Weller guide to easier, faster
soldering—20 pages fullyillustrated.
Price 10c at your distributor, or or-
der direct.

'WEI.I.ER
MANUFACTURING COMPANY

810 PACKER STREET « EASTON, PA. -

OUR EXPANDING COMMUNICATIONS

IT IS generally agreed that there is
plenty of opportunity for trained
technicians in the rapidly expand-
ing television field. We have stressed
the necessity for adequate training
many times. It is also agreed that the
public itself is demanding more serv-
ice than can often be given. Television
itself as an entertainment medium has
become so important to many families
that they are ready to sacrifice any
other form of entertainment as long
as they are able to follow their weekly
programs.

There are many radio, television,
and engineering schools in the United
States supplying a vast army of new
technical talent in radio, electronics,
and television. In spite of this new
blood, there still remains a critical
shortage of qualified technicians.

Everyone is not concentrating on
television. There still remains a huge
radio market that will provide a lu-
crative source of income for many
years to come, as well as a greatly
expanding communications industry.

We believe that there is still a
bright future for the aggressive ‘“ra-
dioman’’; for example, during last year

"alone there were a total of nearly

650,000 radio operators in the follow-
ing classifications: Aircraft, Amateur,
Citizens, and Commercial. These radio
services continue to grow in spite of
the terrific impact of television and
the drain on available technicians.

Mobile radio has mushroomed to
well over 200,000 units. Operation of
more than 300,000 transmitters are
covered in nonbroadcast radio authori-
zations by the Federal Communica-
tions Commission. Of these, there are
approximately 100,000 fixed or land
stations and over 220,000 portable or
mobile units.

In the classification Safety and Spe-
cial Services, are a total of nearly
300,000 units comprising 196,000 port-
able or mobile and 26,000 common car-
rier transmitters. In addition there
are the 2200 fixed or land stations and
about 24,000 additional portable or
mobile units.

Most radiomen are not too familiar
with the many applications for radio
communications and as a result fail to
discover the many opportunities in
Aircraft, Ground Aviation, Police,
Fire, Forestry, Highway Maintenance,
Special Emergencies, Ship, Postal and
Marine Relay, Radar, Railroad, Trans-
it Utilities, Busses and Trucks, Taxi-
cabs, Power, Petroleum, and Indus-
trial Services.

All of the above services require

www americanradiohistorv com

both operating and maintenance per-
sonnel. Even local radio service tech-
nicians are often called in to handle
service on equipment designed for the
above applications.

There are several other fields of op-
portunity, some old and some new.
They include Common Carriers, such
as: International Fixed Public Service
(Telephone and Telegraph), Domestic
Public Land Mobile Service, and Do-
mestic Fixed Public Service, to name
only a few.

There will always be many oppor-
tunities in Manufacturing (Industry)
for trained engineers in Television,
Industrial Electronics, and Radio. The
public is still purchasing radio receiv-
ers in substantial quantities and near-
ly all of these units will eventually
require maintenance and replacement
of tubes and parts. One need only look
at the figures compiled by RMA dur-
ing the past year to appreciate that
the opportunities for radio service
technicians will be at hand for many
years. During 1949 over 9,680,000 radio
receiving sets were produced as com-
pared to the 2,413,897 television sets
produced during the same period.

As a matter of record, many dealers
complained that they could not get
sufficient radio sets to meet the de-
mands of their customers, in spite of
the fact that nearly 10,000,000 sets
were produced.

There are plenty of opportunities to
earn a livelihood in our Industry for
trained personnel, but there is plenty
of competition for the untrained.

In addition to the strictly radio and
communications fields, there are
many opportunities in the field of in-
dustrial electronics for the trained
man. As the subject of industrial
electronics is so closely allied to that
of radio, any competent radioman can
quickly gain the needed knowledge.

Manufacturers frequently prefer to
have this type of maintenance handled
on a contract basis, rather than to
depend on their own maintenance de-
partments. Payment for services is

prompt and adequate.
* * *

HAM CONTEST
HE contest launched by this pub-
lication in January 1949 closed offi-
cially March 1, 1950.

As explained in the rules, the judges
will  determine the official licensed
status of all new licensees by the
Spring 1950 edition of the Radio Ama-
teur Callbook. As soon as decisions

-are reached the winners will be noti-

. . OR.
RABIO & TELEVISION NEWS
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VALUE-PACK E D CATALOG!

SEND2 FOR IT TODAY

t""nN a3 mr "‘“"nR, d' '_:-3‘.
° ang z;u.,:;i‘ 1950 i

< e
Here’s the only complete Buying Guide to everything
in TV, Radio and Electronics —packed with the world’s X

largest selections of quality equipment at lowest money-
saving prices! See the latest in TV, AM and FM
receivers; radio-phonos; new Sound Systems and P.A.
equipment; high-fidelity custom sound components;
recorders and accessories; full selections of newest Ama-
teur receivers and station gear; test instruments; build-
ers’ kits; huge listings of parts, tubes, tools, books,
diagrams—all in stock for immediate shipment.

WORI.D S LARGEST STOCKS

Radio Parts Unlimited

Test Instruments—All Makes

Television & Home Radios

P. A. and Hi-Fi Equipment

Amateur Station Gear

Experimenters’ Supplies
QUICK, EXPERT SERVICE

ALLIED gives you every buying advantage: speedy
delivery, expert personal help, lowest prices, assured
satisfaction—plus the most liberal Time Payment plan
in radio. Get the 1950 aLL1iED Catalog—it will save you
time and money. Send today for your FREE copy!

ALLIED IS YOUR TELEVISION HEADQUARTERS

You keep up with TV when you depend on ALLIED!
Count on us for the latest releases and largest stocks
of picture tubes, component parts, antennas and
accessories—plus the latest in TV receivers, tuners

and kits. If it's anything in TV—we have it in stock! So mEmmmmm e 1
remember—for TY—it's ALLIED First! ALLIED RADIO CORP. :
833 W. Jackson Blvd., Dept. 1-D-0 :

Chicago 7, lllinois ]

]

{] Send FREE 196-page 1950 aLLIED Catalog !

i

Name. . ... .. e 1

[ |

]

VAT TCES 3 & opoes ol w0 TG i 0+ » -+ G s e o T [ B :

. [

City....... weieri....Zone... State........ o

]

M I LT T rrrrryr o Y YT T

April. l‘l.p() 9
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W'ns 30% more business w th

SYLVANIA DEALER CAMPAIGN

“Last summer we obtained your coordinated campaign and mailed the
postal cards to just certain sections. Then we kept track of service busi-
ness, and found we received 30% more from the sections which got
the cards.

“We’re convinced . . . your campaign is the best insurance against a sum-
mer slump in service business.

“This year, May, June, July, and August are going to be our big profit

Jmonths.”

Gale Radio and Television Lab., New Rochelle, N Y
i,

e use and recamment: SYLVANIR

v it Teleuision Tahes . R
m‘” ke You, too, will cash in

BIG with this powerful, new

summer campaign

Right now is the time to send for the new, com-
plete advertising campaign that’s bound to bring
you extra business . . .all through May, June,
July, and August.
Look at all the colorful, sales-making material
you get! Everything from large 3-dimensional
window- and counter-displays, to compleie news-
paper ad mats and postal cards. Even radio spot
announcements to be broadcast over your local
station. It’s all yours...and it’s all FREE...you
pay only the postage on the postal cards, 1¢ for
each card.
Written and designed to tie in with Sylvania’s
big national magazine advertising which your
oox customers will see in the Saturday Evening Post,
L A T Collier’s, Look, Life and other plyjblicatiofs.
3—Post Cards So, don’t delay! Mail the coupon for full details
4—Ad Mats TODAY!

5—Radio Spots

L
RADIO TUBES; CATH-
ODE RAY TUBES;
ELECTRONIC DEVICES; .

1-Displays

st

Sylvania Electric Products Inc.

| Advertising Dept. R-1204-A, Emporium, Pa. '
| Please send me full information about the May-. I
l June-July-August Service Dealer Campaign. |
FLUORESCENT LAMPS, , | Name 1
FIXTURES; WIRING ] 1 Company l
- DEVICES, SIGN TUB- ~ 1 b I
ING; LIGHT BULBS; Street .
"?‘HOTDLAMPS' . _J.-.J ¥ . ! City Zone State . _}
10 RADIO & TELEVISION NEWS
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~ Another ‘zaula nd“l‘ir"!

SIGNAL SEEN
" HERE

;j% M/t f— is a fool-proof solution to the problem of ion trap magnet adjust-

ment . ..a development which Rauland is happy to offer for the benefit of both set makers
and service men.

The new Rauland “Indicator Gun”—patent pending — gives a brilliant visible sig-
nal easily seen from the rear of the set while magnet adjustment is being made. A bright
green glow within the Anode Tube signals when adjustment is incorrect —dims as correct
adjustment is approached-—disappears when adjustment is correct.

All guesswork is eliminated —risk of screen damage through incorrect magnet
adjustment is ended —and adjustment time is reduced to seconds. Assemblers or serv-
ice men know that magnet adjustment is right — know that any remaining picture defect
is in other controls.

The Rauland “Indicator Gun” adds nothing to the price of Rauland picture tubes.
First production is in the 12LLP4-A with Luxide Screen — available now!

THE RAULAND CORPORATION

4245 N. KNOX AVENWUE « CHICAGO 41, ILLINOIS = P

April, 1950 . 11
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Choose from this Complete Ceramic Capacitor Line

Your radio parts distributor can supply you with these BC Hi-Kap Tubular Ceramic By-pass and Coupling
Capacitors in the following values — all rated at 600 WVDC, flash tested, 1000 VDC. Packaged in cello-
phane envelopes, 5 of one value per envelope.

Capacity CRL Cat. No, Capacity CRL Cat. No, Capacity CRL Cat. No,
10MMF D6-100 120MMF D6-121 1,000MMF - D6-102
12MMF D6-120 150MMF D6-151 1,200MMF D6-122
15MMF D6-150 180MMF D6-181 1,500MMF D6-152
18MMF D6-180 200MMF D6-201 1,800MMF D6-182
20MMF D6-200 220MMF D6-221 2,000MMF D6-202
25MMF D6-250 250MMF D6-251 2,200MMF D6-222
27MMF D6-270 270MMF D6-271 2,500MMF D6-252
33MMF D6-330 300MMF D6-301 2,700MMF D6-272
39MMF D6-390 330MMF D6-331 3,000MMF D6-302
40MMF D6-400 390MMF D6-391 3,300MMF D6-332
47MMF D6-470 400MMF D6-401 4,700MMF D6-472
50MMF D6-500 470MMF D6-471 5,000MMF D6-502
56 MMF D6-560 500MMF D6-501 5,600MMF D6-562
68MMF D6-680 560MMF D6-561 6,800MMF D6-682
75MMF D6-750 680MMF D6-681 7,500MMF D6-752

100MMF D6-101 750MMF D6-751 10,000MMF D6-103

For other ceramic capacitor replacement needs, use CENTRALAB's line of
TV HI-VO-KAPS, KOLORDISKS and TC capacitors.

B2 RADIO & TELEVISION NEWS
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Mr. Service Engineer. . . If your profits and reputation depend on

guaranteed repairs, then this message is for You! Centralab . . . the First

name in ceramic components . . . gives you famous ceramic tubular BC

Hi-Kaps in 48 different and many new values. Check their advantages

. . . see why CRL BC Hi-Kaps are absolutely safest for guarariteed repairs.

The present trend to guaranteed service policies demands
that service engineers take no profit-risking chances with
replacement parts of doubtful performance and durability.

Chart below gives you the facts. Read them. See'why we
say no other tubular by-pass and coupling capacitors made
will outperform or outlast CRL Tubular Ceramic BC Hi-Kaps!

DIVISION OF GLOBE-UNION INC., MILWAUKEE, WIS.

Check these Features . . .

See for Yourself why CRL BC Hi-Kaps are “safest’

“HI-KAP” FEATURES

DESCRIPTION

WHAT IT MEANS TO YOU

No deterioration, no shorting. Longer life

1. Impervious to moisture aclf;f;;gﬁ i;slorgc;n%lygiofzsgm. LG even under the most adverse conditions
of humidity.
. AV. WT. NSION!
2. Low mass weight v DIME $ VALUES
D— 260" 10—390
— ARG L— 530" mmf.
044 oz D— .260" 400—3000 For unit size and weight, Centralab BC
3. Small Size ’ ’ L— .810" mmf. “HI-Kaps”, made with Ceramic-X, are
— _D 280" : the only capacitors on the market which
— .280 3300—5000 rovide these voltage ratings.
WRUGE L— 900" mmf, P ° it
D— 330" | 5600—10,000
4. High capacity s L—1.200" mmf.

Ratings: 600 WVDC — 1000 flash test.

. Special insulation

Low power factor resin and high temper-
ature wax coatings, with an additional
special phenolic jacket.

Prevents any possibility of shorting to
adjacent leads, chassis or components.

Convenient side leads

Heavy No., 22 gauge tinned copper, silver
soldered to electrodes.

Permit rapid, close-coupled connections.
No tricky bending or fitting required.

. Low power factor

Initial — .6%. After 100 hours, 95%
humidity test — 3.0%.

More efficient circuit operation, fewer
failures.

Initial — 5000 megohms. After humidity

8. High leakage resistance 500 megohms Long life, more efficient performance,

Pure silver electrodes, electro-bonded to
. s Ceramic-X dielectric. Protected against Moisture and puncture proof. Will not

9. Maximum dependability oxidation or mechanical damage by coat- short or becomg intermittlznt_
ings of electrolytic copper and solder.

10. Factory tested For your protection, all units 100% fac- Your guarantee to your customers of re-
tory tested before packaging and shipping. liable service and performance.

April, 1950 13
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OR

Y Take Advantage of
Extra-Liberal Allowances
on Your Used Test and
Communication Equipment
in our... ®

J

Your old (factory-built) Test Instru-
ment, Communication Receiver or Transmitter
taken in trade for Brand New Test or Communication
Equipment, Television Set or TV Custom Chassis @ Easy terms
on your new equipment purchase ® What have you to trade?
For astounding bargains, wire, write, phone or use the handy coupon.

Save on These Bargain Specials!

Harvey Wells Aircraft

v A Radio or Telegraph Receiver Model AR-3-A just the
TV or Amateur thing for listening to the 195 to 405 KC aircraft
RQ*CI'I'OI‘ Moi’or Ideal for turning TV Key Has large coin silver con- band. Also covers standard BC band, 550 to 1500
or lightweight amateur beams. A Surplus item tacts. Bakelite mounting base with ]gf,',,gr,’,“fgef;?g;.}“éof;ﬁgié “I,),K 9 5
%123:11;1::;\/ l\/_\zse;:(l.J fgr R%if[n control in Douglas circuit closing tubes, connecting cable and in- -

3 2 ] switch. Model J-38. struction manual. Shpg. Wt. 1314
reversible. Simple instruc- 9 S lbs. Only
tions included for use on . hpg. Wt 2 lbs. c Note: o) ety A b b
115 VAC. Shpq. Wt 6 Only ote: Quo.‘c price does not include battery, but we

will supply for limited time, Free, outdated baucry)
lbs. ©nly ( 1 year old, NOT guaranteed.

° o ) o, | e ) B e s
All prices F. O. B. St. Louis WALTER ASHE RADIO CO.
® F B E E ' 1125 Pine St., St. Louis 1, Mo. RN-50-4
Phone: cheanuf 1125 ] [ Rush Special “*Surprise” Trade-in offer on my.
New 164 page (describe used cquipment)
catalog. The for e e R

(show make and model of new equipment desired)
[] Send new Free 1950 Catalog.

RA DI o CO of values. Send - B
. for your copy — , i
THE HOUSE OF “SURPRISE” TRADE-INS today!

1125 PINE ST.« ST. LOUIS 1, MO.

14 RADIO & TELEVISION NEWS
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Molded Paper Tubslar .~ 7 6000y TV Tubular

These
Seapp TV pacior
- proviems ...

i i

‘4 SANGAMO’S TV TRIO

/ Tops for original equipment — Tops for replacement needs

/) Sangamo offers three top television capacitors that you can use with con-

fidence. You’'ll like these tested, proved performers for their quality, their
small size and their stability.
The REDSKIN is a plastic molded paper tubular that is easy to work
with—on production line or on the bench—Dbecause its strong, tough casing
stands rough handling and the flexible leads can’t pull out! It gives long
life at 85° operation. ' :

The CHIEFTAIN is a dry electrolytic that fits anywhere! Tiny, but dur-
able, it is ideal for application in tight spots beneath a chassis. Bare tinned-
copper wire leads make it easy to mount. Maintains uniform capacity
when subjected to heat and high ripple currents.

The SIOUX is a 6,000 volt paper television capacitor with a new standard
of permanence. Designed to withstand continuous operation at 85° C, it
is mineral oil impregnated to provide longer life and more stable perform-
ance over a wide range of operating temperatures.

Write for Sangamo’s new Jobber Catalog #800 ... It gives you the infor-
mation you need.

7% SANGAMO 72che

~ CAPACITORS

SANGAMO ELECTRIC COMPANY
SPRINGFIELD, ILLINOIS

IN CANADA: SANGAMO COMPANY LIMITED, LEASIDE, ONTARIO scsera
April, 1950 15
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ONLY

SPRAGUE
ELECAP

MOLDED PHENOLIC

TUBULARS

GIVE YOU

PREMIUM
QUALITY

AT

Sprague Telecaps are the only
paper tubular capacitors oil-
impregnated and solder-
sealed AFTER dry assembly
molding in genuine non-
flammable Bakelite phenolic.
Unaffected by continuous op-
eration at 185° F. (85° C.),
these “Black Beauties” pro-
vide unusually high insulation
resistance . . . give you top
capacitance stability. Write
for Bulletin today!

SPRAGUE PRODUCTS CO. =

51 Marshall Street
NORTH ADAMS « MASS.,

* Presenting latest information on the Radio Industry.

By RADIO & TELEVISION NEWS
WASHINGTON EDITOR

THE COLOR IN TELEVISION
saga entered what every one prays
will be the final chapter as the first
days of Spring approached, with ex-
perts pouring into the Commerce
Auditorium in the nation’s capital to
voice their views, views that will
make headline news in the days to
come.

Reappearing to testify, and in many
instances offer vigorous rebuttal to
many points, were the two represen-
tative groups of industry, JTAC
(Joint Technical Advisory Commit-
tee) and RMA, and ten others in and
out of industry which included RCA,
CBS, CTI, Dr. Charles Willard Geer,
Philco, Du Mont, Webster-Chicago,
American Television, A.T.&T., and
Western Union.

Testimony this time appeared to be
more conclusive, covering not only
the actual results of systems, which
in the earlier sessions weré mere
paper projects, but new procedures,
also demonstrated, which were not
even mentioned in the hearings of
'49, RCA, for instance, revealed its
new color method, which had re-
ceived its first viewing a few weeks
prior to the ’50 recall, at a special
show for the press in the Washington
studios of NBC, with programs origi-
nating in the Wardman Park Hotel
color studios. A highlight of the
showing, viewed on 10-inch and 16-
inch television receivers, was the
absence of instability which had af-
fected earlier demonstrations. The
use of brief synchronizing radio
pulses did the trick, according to the
boys in the lab who perfected the
method. They pointed out that when
these pulses reached the receiver,
they served to automatically lock the
three primary colors into perfect
phase. Specifically, the method in-
volved the use of a 10 to 15-cycle
burst of signal at a sampling fre-
quency, which was adjusted to fol-
low the horizontal sync signal. This
burst controlled an oscillator in the
receiver, directing the correct color
signals to each of the three picture
tubes used in the system.

Dr. E. W. Engstrom, in charge of
research at RCA, presided at the
showing and pointed out that the new
color setup had six features, high
definition pictures (claimed to be 70
per-cent greater in detail than the

www americanradiohistorv.com

mechanical sequential system), un-
limited picture size and brightness,
flickerless pictures without color
breakup, automatic color phasing
(described above), complete compati-
bility with present black and white
TV, and all electronic, with no me-
chanical or moving parts.

“These characteristics are of major
importance to the public,” Dr. Eng-
strom emphasized, ‘“for they mean
that color TV can be introduced with
no disruption to the present service.”

CBS’ testimony also was quite re-
vealing and a bit on the explosive
side, with reports of a long list of
tests made on a variety of fronts. At
the Walker Building demonstrations,
CBS reps pointed out that Senators,
members of the House and their wives
appeared and were quite enthusiastic.
At a series of special demonstrations,
members of the Cabinet, the Supreme
Court and the Defense Department,
also appeared, according to CBS
spokesmen. And at a test at the Na-
tional Art Gallery, members of the
Condon committee and two members
of the FCC appeared; Newbern
Smith, chief of the Central Radio
Propagation Section of the Bureau
of Standards; George Bailey, execu-
tive secretary of the IRE; W. L.
Everitt, dean of the College of Engi-
neering of the University of Illinois;
Don Fink, JTAC chairman; and FCC
members Frieda B. Hennock and
Robert F. Jones.

In an effort to keep pace with RCA,
CBS also indicated that they, too,
could provide color with electronic
circuitry, using a single multicolor
tube. At the last session, a tri-color
tube was hinted at by RCA, and the
actual tube was scheduled for pres-
entation before the Commission in
the late Spring. The CBS tube was
described as being usable without any
change in standards which they had
previously recommended.

Color Television, Inc., the third of
the contenders for the standards’
prize, also presented substantial .test
testimony, describing the results of
transmissions over KPIX, operating
on channel five, in San Francisco,
California. Seven tests were involved
in the viewing, the receivers all lo-
cated in the Bay area. Plans for
additional tests in a downtown hotel
in San Francisco were also detailed.

RADIO & TELEVISION NEWS
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Note rugged welded.
steel box frame, mount-
ing riveted elements
rigidly and permanent-
ly in place. Only non-
varying mica insula-
tion used. No run-in
required. Structurally
stable —not unusual for
500-hour reading to du-
plicate initial values.
Minimum contact im-
pact and low contact-
point erosion. Almost
impossible for unit to
close or stick. Heat
generation low enough
Lo sustain operation at

185° F.

EROVOX

¢ So very quiet! You’ll doubt the Aerovox
Vibrator* is running until you’ve turned up
the volume control.

Here’s the first postwar vibrator. Radically
new design—outcome of systematic engineer-
ing cffort to eliminate annoyances experienced
with vibrators. Provides brand new perform-
ance thrill with any auto-radio or other
vibrator-powered equipment. Definitely
anothcer milestone in vibrators.

Just wmpam.'

Yes sir, comparative tests are
invited. Literature on request. Let us collab-
orate on your vibrator problems and needs.

¥U.S. Patents Pending

Standard and spe-
cial types. Also Uni-
versal Replacements
serving greatest
number of auto-
radio models with
minimum inventory.
For the best in re-
placements, insist on
the “Quiet Mouse”
vellow - and - black
carton vibrator
stocked by Aerovox
distributors!

FOR AUTO-RADIO - POLICE RADIO - AVIATION RADIO « LABORATORY AND OTHER POWER
PACKS + MARINE RADIC - PORTABLE RADIO + FARM RADIO - INDUSTRIAL ELECTRONICS - ETC.

AEROVOX CORPORATION = NEW BEDFORD ¢ MASSACHUSETTS

April, 1950 17
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Engineened ™

RADIO KITS

*MEISSNER kits incorporate the latest circuits and most
modern tubes — assurmg hlghest eFFiciency and TOP
PERFORMANCE! Not “sweep- ups or factory sur-
plus, each part in a MEISSNER kit is the EXACT AND
BEST PART for the job. All MEISSNER kits come with

detailed pictorial and schematic diagrams.

MEISSNER MODEL T2BK
2-TUBE BATTERY TRAINER KIT

*High Performance

*Low Drain Battery Tubes
*Powerful Pentode Audio
*Regenerative Circuit
*Tubes & BC Coil Included
*Additional Coils Available

Model T2BK -2-Tube Battery Trainer Kit, Less Bat-
teries, Headphones, Wire & Solder, Net........ $ 735

MEISSNER MODEL T3BK
AC-DC TRAINER KIT

(Similar in appearance to T2BK)
*‘Beam-Power” Audio Stage
*Range — 175 Kc to 34 Mc
*3 Tubes & BC Coil Included
“ *Additional Coils Available

Model T3BK AC-DC Trainer Kit, Less Headphones,
Wire & Solder, Net. . ........oovuninnnn... $ 8.98

MEISSNER MODEL T6BK
3 BAND AC KIT

Practical, up-to-date instruction in the latest receiver tech-
nique. Detailed pictorial diagram and schematic easy to
understand.

ALL STAR FEATURES!

A new, Husky, superb-fidelity amplifier.
*6 Tubes included with kit

*'Beam-Power'" Ampllfler

*535 Kc to 18 Mc In 3 overlapping bands
*Continuous Tone Control

Model T6BK 3 Band AC Kit, less speaker, wire &
solder, Net Price......... P e A $32.85

MEISSNER MODEL Ts8CK
FM RECEPTOR KIT

Popular MEISSNER FM Receptor now in kit form. Con-
verts AM receiver to static-free, high fidelity Frequency
Modulation.

*Covers New FM Band 88 to 108 Mc
*Top Quality Components

*8 Tubes (including Rectifier) Supplied
*Easily Assembled

Model T8CK FM Receptor Kit, less wire & solder,
INet Pricels s sroe 533 0m 0m 016 355 o0 meemrs 380056 - $29.97

MEISSNER MODEL T4AK
POWER AMPLIFIER KIT

*Flat Within 2 db from 45 to 20,000 Cycles
*Tubes: One 6SN7GT, Two 6L6G & One SY3GT
*3 Volts RMS Input Requlred

*90 Watts Output With 5% Harmonic Distortion
*All Parts Furnished Including Drllled Punched

Chassis
Model TAAK Power Amphfler Kit, less wire &
solder, Net Price.vouveenioeinnnnnn ... $30.98

........

MFG. DIVISION [ e
Maguire Ind., Inc. NEW MEISSNER
mt. Carmel, Iifinois i RADIO KIT FoLDER

18
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In special interviews in Washing«
ton and New York, Arthur S. Mat-

_ thews, CTI prexy, told the newsmen

that in the line-sequential system
which they used, only minor changes
were required in the regular black

~and white transmission equipment.

At the camera, three pictures (red,
green and blue) are taken simulta-
neously by means of a special three-
lens optical system, he said, with the
525-line standard being used at the
receiving end.

“We feel that the picture our sys-
tem puts out is good enough, but the
important thing is that the system
has not reached its limitations and
more improvements are possible,”
Matthews went on to say. “If the
FCC does not approve our method,
there are other uses, such as closed
circuit work in hospitals, in which
our technique could be applied without
serious difficulties.”

Industry, in the form of RMA,
JTAC and experts from pioneering
companies in TV, was quite bold, too,
in its in and out-of-court testimony.
RMA’s official commentary had been
preceded by the general distribution
of a booklet, entitled “Is Color Tele-
vision Ready for the Home?” which
was about the bluntest report on the
controversy to date. In the report,
the association disclosed that the ma-
jority of the television set manufac-
turers have urged that #no color
broadcasting standards be approved
by the FCC until the proposed sys-
tems have Dbeen thoroughly field
tested. This, they said, is the only
way to determine whether color re-
ception is basically satisfactory under
everyday conditions, as contrasted
with the carefully controlled demon-
stration setups which have been used
so far by all the sponsors. Once basic
standards are set, the report con-
tinued, they cannot be changed with-
out involving obsolescence of every
piece of transmitting equipment and
every receiving set then in existence.
When standards are set, all future
improvements must be within the
framework of those standards, RMA
went on to say in their appraisal of
the situation. Accordingly they added,
the original framework must be a
sound one, one suitable for years to
come. And since color television will
need not one, but a dozen such stand-
ards, the harm that could be done by
over-hasty action is apparent. An-
swering the question as to whether
all broadcasts would be made in color,
when color TV becomes available,
RMA boomed a decided no, citing the
case of the motion picture industry,
where at least 85 per-cent of all fea-
ture pictures are still produced in
black and white, even though the
color processes were developed years
ago.

In an extensive survey of the CBS
system, RMA declared that pictures
broadcast over the proposed Colum-
bia setup would have a definition of
only 405 lines, as compared with 325

(Continued on page 123)

RADIO & TELEVISION NEWS
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MULTIPLE CHANNEL CATHODE-RAY
INSTRUMENTATION. .. ........ ......Jd. N. VanScoyoc and G. F. Warnke

MICROWAVE COMPONENTS .. ......... e . .J. Racker
D.C. AMPLIFIER OF IMPROVED STABILITY. ............. .Samuel Freedman
FORCED AIR COOLING FOR ELECTRONIC EQUIPMENT. .. ... B. E. Parker
WIDE-BAND CHAIN AMPLIFIER FOR TV.............. Walter V. Tyminski

CHARACTERISTIC IMPEDANCE OF LINES............ ... ... ...,

DEPARTMENTS
NEWSBRIEFS ............ 22 PERSONALS ............. 26
NEW PRODUCTS ......... 24 TECHNICAL BOOKS ... ... 28

RADIO-ELECTRONIC ENGINEERING is published each month
as a special edition in a limited number of copies of RADIO
& TELEVISION NEWS, by the Ziff-Davis Publishing Company,
185 N. Wabash Avenuve, Chicago 1, llinois.

YOLUME 14, NUMBER 4, Copyright, 1950, Ziff-Davis Publishing Company

COVER PHOTO—Courtesy of General Electric

Dr. Albert W. Hull of the General Electric Research Laboratory., who
has been credited with the invention of more types of electron tubes
than any other man, has refired from his post as assistant director
of the laboratory, but will continue to serve as a consultant. The
cover photo is a recent portrait taken of Dr. Hull in his laboratory.

ENGINEERING DEPT
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Fig, 1.

Interior
of the trailer containing
the multiple channel
cathode-ray installation.

view

Multiple Channel

na is practically impossible, it is
necessary to record the measure-
ments in a form that will permit
checking and evaluation on a
vastly expanded time scale as well
as permanence for repeated ref-
erence.

3. Operation—Manual control of
more than two operations becomes
difficult, and as the speed and
number of operations is increased
automatic control becomes neces-
sary. This must be well timed and
completely automatic to eliminate
as far as possible the error ele-
ment introduced by operators.

4. Identification of Records—Since
many records are being taken at
the same time, and often several
in quick succession, with consider-
able time elapsing between record-
ing and analysis, it is necessary
to make provision for permanent
positive identification of the rec-
ords.

5. Versatility—Since the utility of
the equipment generally depends
on the number of applications to
which it can be adapted it is nec-
essary that the basic units be
designed and constructed in such
fashion that modification is simple.

There are two basic methods that
may be used in multiple channel oscil-

Cathode-Ray Instrumentation

24 channels are available for simultaneous
recording of dynamic or transient phenomena.

By J. N. Van SCOYOC and G. F. WARNKE

Armour Research Foundation of Illinois Institute of Technology

3 "ULTIPLE channel oscillogra-
l phy finds one of its greatest

" " uses in the recording of dy-
namic and transient phenomena of a
non-electrical nature. Many experi-
ments can be repeated only to a statis-
tical accuracy, if indeed they are re-
peatable at all. In such cases it becomes
necessary to obtain the time ‘“history”
of the experiment by means of a number
of simultaneous recordings; the num-
ber of data channels depending on the
variable elements, cross checks required,
or the size and shape of the object
or field being investigated. Eleectrical

This article 1s based on a paper presented at
the 1949 National Electronics Conference.
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measurements are usually reproducible
enough not to fall into this category.

General

The design, construction, and use of
multiple channel instrumentation is in-
herently more complicated than its
single channel counterpart because of
the following problems:

1. Identification of Simultaneity—
When two or more measurements
are taken some relative time ref-
erence must be supplied, with an
accuracy required in the inter-
pretation of the records.

2. Recording of Data—Since obser-
vation of non-repetitive phenome-
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lographic recording. In the first, a still
picture is taken, using commonly trig-
gered horizontal sweeps on all cathode-
ray tubes. Although all sweeps start
at one time they may be of different
durations so that expanded or con-
tracted time records may be obtained.
If the time scale is important, timing
marks must be introduced in the form
of x, y, or z axis markers.

In the second method a sweep is not
used but a spot is photographed on
continuously moving film. In this way
the film provides the time axis, and
variations in time scale are obtained
by running the cameras at different
speeds. An additional method of record-
ing timing markers is available in this
system, this being the use of pulsed
glow tubes which can provide a com-
mon time scale for a group of traces.

For either of the above systems mul-
tiple beam tubes or nests of single beam
tubes can be used. This reduces the
number of cameras necessary and sim-

3
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Fig. 2.

plifies processing and analysis of the
records.

A recently completed 24 channel unit
will be described to illustrate the funec-
tioning of a system which employs
single beam tubes photographed by
continuously moving film cameras.
Some of the more specific technical
problems such as elimination of cross-
talk and hum, grounding circuits, ete.,
will not be discussed for lack of space.
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Front view of the sequence timer control panel.

In order to be able to conduct ex-
periments in the field, remote from
laboratory facilities, the twenty-four
channels of oscillographic instrumenta-
tion, along with necessary auxiliary
equipment and service and maintenance
facilities, were mounted in an air con-
ditioned semi-trailer. Fig. 1 shows an
interior view of the installation. All
units are relay rack mounted on a
shock mounted frame. Space is provided
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Fig. 3.

Functional block diagram of a typical channel.

Fig. 4. Basic schematic diagram of the sequence timer.
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behind the rack so that testing or
maintenance can be accomplished with-
out removal of the units. The twenty-
four channels are arranged in six bays
of four channels each, all identical. The
center bay contains control equipment
common to all channels. This figure
will be referred to after a description
of the operation of the system is given.

The functional block diagram shown
in Fig. 3 illustrates the operation of
a typical channel and the units com-
mon to all channels.

Resistance strain gauge or piezoelec-
tric gauge input circuits are connected
to the terminal unit which incorporates
matching networks and acts as a june-
tion point for input, calibration and
amplifier circuits. In the case of strain
gauge input, the bridge power supply
is used to supply current to the strain
gauge bridge circuits.

Input signals are fed to the amplifier,
which operates from the amplifier
power supply, and thence to the oscil-
loscope unit. The oscilloscope unit de-
rives all its operating voltages from
the oscilloscope power supply. The cam-
era records the signals from four ca-
thode-ray tubes of one oscilloscope unit
on one 35 mm.-continuously moving film.
The controlling relay and power con-
nections for the camera are located in
the amplifier power supply unit.

Interval timer A derives its fre-
quency from a secondary frequency
standard and supplies timing pulses to
one glow modulator tube in each of
the six oscilloscope units.

Interval timer B supplies timing
pulses derived from a tuning fork to
all cathode-ray tubes and to one glow
modulator tube in each four channel
oscilloscope unit. It also provides a
vertical sweep for test purposes and
a zero time pulse for establishing a
simultaneous point on all records.

Two glow tubes are provided for
each oscilloscope unit (see Fig. 7), each
of which records a timing trace along
the outside edge of each film record as
shown in Fig. 11. Two timing records
of different frequencies are thus re-
corded which may be used to:

1. Interpolate time intervals or pe-

riods.

2. Facilitate counting of long time
periods while maintaining short
period accuracy.

3. Check one frequency
against the other.

4. Eliminate timing errors due to
irregularities in film speed.

5. Provide baselines for amplitude
measurements.

The accuracy of the frequency of the
secondary frequency standard or the
tuning fork may be checked by com-
parison with signals broadcast by
WWYV which are picked up in the re-
ceiver supplied.

source
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The sequence timer automatically
controls all equipment operation during
test, and since we have discussed the
functional interdependence of all the
instrumentation units, a description of
the operation of this timer is in order.

Two of ten identical stages of thy-
ratron delay circuits are shown in Fig.
4. Selection of ten time delays ranging
from 10 milliseconds to 2 seconds is
provided for each of the ten stages
by means of R-C networks. Relays are
used in the cathode circuits of the thy-
ratrons, and the triggering voltage for
the succeeding stage is derived from
the thyratron cathode rather than from
the relay. This prevents the relay time
errors from being cumulative. Any
stage may be bypassed by means of
the stage elimination switch provided,
and manual simulation of all automatic
relay operations may be obtained by
means of switches in the relay circuits.

The arrangement of these controls
on the front panel of the unit is shown
in Fig. 2. The top row of toggle switches
controls the manual operation of each
stage, while the bottom row of toggle
switches is used to eliminate any stage
which controls an operation unwanted
for the particular test. The rotary
switches are used to select appropriate
time delays for each thyratron stage.
Start and stop buttons are provided
although the unit ean be remotely con-
trolled if it is so desired.

Fig. 7.

Block diagram of interval timer A.

The arrangement for recording may
best be described by reference to Fig.
7 which shows the front panel of the
oscilloscope unit. Four 3 inch ecathode-
ray tubes are nested together to de-
crease the area of the field to be photo-
graphed. The vertical center lines of
the tubes are two inches apart to provide
one inch deflection on either side of
center without overlap of traces. Two
glow modulator tubes are mounted, one
in either corner, on the horizontal cen-
ter line of the two rows of tubes and
a counter is mounted in the lower left
corner. This counter is edge lighted by
a concealed lamp for photographic iden-
tification of the record.

The cast aluminum frame supports
a 45 degree front surface mirror. The
camera is mounted on the front panel
of the amplifier power supply below
this unit with the lens vertical; the
picture being taken by means of the
45 degree mirror. Tube face to film
distance is such as to obtain a 9 to 1
reduction. The advantages of this sys-
tem are its rigidity, freedom from dif-
ferentjal vibration and saving of space.

Each channel is provided with indi-
vidual intensity, focus and vertical
positioning controls to take care of
individual tube variations but all tubes
are brightened simultaneously by one
relay control. Three such units, twelve
cathode-ray tubes, are supplied by one
well regulated high voltage source

Front view of an oscilloscope showing mirror mount (mirror removed).
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Fig, 6. Front view of a completely
assembled 4-channel unit.

which is capable of delivering 2000
volts 4+ and — with respect to the
second anode. The second anode of these
tubes is not at ground potential but
is designed to operate at approximately
320 volts above ground because of the
direct coupling of the amplifiers.

The modulated glow tube in the up-
per right corner (Fig. T7) is the tube
referred to as glow tube “A’”, being
supplied by interval timer A, while the
one in the lower left corner, “B”, is
supplied by interval timer B and is
used for the zero time indication. A
brief description of the timing unit
operation will be facilitated by refer-
ence to Fig. 5 which shows a block
schematic of interval timer A.

The 1000 and 100 cycle sine wave
inputs, derived from a frequency stand-
ard, are amplified, clipped and differ-
entiated. These pulses are used to trig-
ger multivibrators which are of the
single shot type. This prevents off-
frequency pulses being generated and
recorded if the frequency standard
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Fig. 8. The amplifiers which form the
connecting link between the input
circuits and the cathode-ray tubes are
arranged in groups of four, as shown.

fails. A buffer tube is provided for each
of the six glow tubes supplied from
this timer. By six three position switches
any one of three frequencies may be
independently selected for each glow
tube.

Fig. 9 shows a block diagram of

interval timer B. Two sweep circuits
are provided, one a conventional saw-
tooth sweep and the other a multivi-
brator. This latter is used when high
intensity traces are being focused to
avoid possible burning of a line on the
screen. The square wave produces a
high velocity of spot travel across the
usable portion of the tube face with
the area of high intensity being off the
face of the tube. Either of these signals
is amplified and fed into push-pull
cathode followers which provide low
impedance output to the long inter-
connecting cables.

A 1000 cycle, temperature compen-
sated tuning fork is used as a frequency
source for the timing pulses in this
unit. The sinusoidal output of the tun-
ing fork is amplified, clipped, and dif-
ferentiated, these differentiated pulses
being used to trigger two multivibra-
tors. The first multivibrator has a 1000
cycle repetition rate with adjustable
pulse width and is connected to all the
cathode-ray tube vertical plates at the
same time the sweep is removed, by
means of a sequence timer controlled
relay. The effect of this is to produce
small timing pips on all traces. The

C.RT,
VERTICAL

PLATES

SEQUENGE
L————-—-—@ TIMER

R11308 GLOW

1 .5KC. MOD. TUBES "8"

Fig. 9.

Fig. 10.

Four channel record showing timing markers.

Block diagram of interval timer B.

Fig. 11.
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second multivibrator divides by two
and has an output of 500 cycle pulses
which are applied to the control grids
of six buffer tubes supplying glow
modulator tubes B in each oscilloscope
unit.

These glow modulator tubes do not
operate until initiated by the zero time
pulse circuit which operates as follows.
A pulse provided by an external device
such as a fuse or switch triggers a mul-
tivibrator which simultaneously applies
a pulse to the buffer tube and fires a
thyratron completing the ground ecir-
cuit of the glow modulator tubes en-
abling them to fire. The duration of the
zero time pulse is adjustable and, after
it ends, the 500 cycle pulses are re-
corded. The effect of the timing pulses
on the vertical plates is shown in Fig.
11. The timing traces along the edge
of the film are those supplied by the
glow tubes while the timing pips on
the four traces are supplied by the 1
ke. multivibrator of interval timer B.

The recording cameras used were
specially designed for the instrumenta-
tion. The motor and transmission are
permanently mounted while the maga-
zine is separately removable to facili-
tate handling. Film speeds of 0.6 ft./
second to 10 ft./second are available
and the lens has adjustable focus and
aperture.

The amplifiers form the connecting
link between input circuits and cathode-
ray tubes and are also arranged in
groups of four as shown in Fig. 8. Both
d.c. and a.c. amplification are provided,
the latter through the use of a pre-
amplifier cascaded with the d.c. ampli-
fier. The d.c. amplifier may be used by
itself, having a maximum gain of
50,000 variable 40 db. in 2 db. steps
and a frequency response from 0 to 50
ke., or the combination of preamplifier
and d.c. amplifier having a maximum
gain of 2,000,000 with a frequency
response from 0.2 cycle to 50 ke. The
preamplifier has 20 db. of attenuation
in 5 db. steps. These amplifiers embody
a new input stage which permits use

(Continued on page 26)

The effect of timing pulses on vertical plates.
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Band-pass filter in the 1000
megacycle frequency range
using coaxial line elements.

ROWAY

ONENTS

Federal Telecommunication Laboratories

A discussion of such coaxial line and wave guide components as quarter
wave transformers, stub transformers, resonant lines and filters, ete.

‘N the discussion given in the pre-

vious articles * * frequent reference
" has been made to the use of trans-
mission lines as transformers, induc-
tive and capacitive elements, filters,
and other components. All of the gen-
eral equations developed for transmis-
sion lines also apply when these lines
are used as circuit elements. However,
there is a major difference in approach
between the use of transmission lines
for the transfer of energy (as con-
sidered in the last article) and their
use as components. This difference is:
In the former case the problem is pri-
marily one of selecting the best avail-
able manufactured line, while in the
latter case the engineer must frequently
actually design and build appropriate
lines to meet his individual require-
ments. It is therefore necessary, in
considering element design, to delve
into the details of transmission line
construction. Hence, a separate article
on microwave components.

Coaxial Line Elements—
Quarter Wave Transformer

This article, as the previous one, will
be divided into two general sections;
one considering the use of coaxial line
elements for frequencies up to about
2000 me. and the other, the utilization
of wave guides for frequencies above
2000 mec. Coaxial line elements will be
considered first, starting with quarter-
wave transformers.

It has been shown that two purely
resistive impedances can be matched
to each other through the use of a
quarter-wave transformer whose char-
acteristic impedance is equal to:

APRIL, 1950

ZOT:\/RDRL . . . . . s (1)

where R, is impedance at sending end
and B, is load resistance. The char-
acteristic impedance of a coaxial line
is equal to:
8

Z :%/% ].Og‘m% . B . . ‘ (2)
where D is outer conductor diameter,
d is inner conductor diameter, and K
is the dielectric constant. This equation
is plotted on the nomograph on page 32.

Generally, the problem is to match a
line with characteristic impedance, Z,,
to a load representing a complex im-
pedance. In considering the input im-
pedance of such a line versus distance
from the load, it will be found that
for each half wavelength of line trav-
ersed, two points of purely resistive
impedance exist; one equal to Z,7,(u,
voltage standing-wave ratio) located
at maximum voltage points, and the

Fig. 1. Ideal expomnential coaxial line.

X
Ko=tc2LyCo
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other equal to Z,/n, located where vol-
tage minimums occur.

It is usually more convenient to select
a point of minimum resistance rather
than the one of Z,7,, since in this case
the characteristic impedance of the
transformer required is less than that
of the line. A line of lesser impedance
can be obtained readily by utilizing a
“sleeve” within the existing line as
shown in Figs. 2A and B, while to in-
crease the impedance involves increas-
ing the outer diameter or decreasing
the inner diameter, neither of which
can be done simply.

The procedure for matching with a
quarter-wave sleeve is as follows:

1. Measure the voltage standing-wave
ratio at the input and determine the
location of a minimum voltage point.

2. Design a sleeve which is a quarter
of a wave long and whose diameters
are equal to:

a) If sleeve is on inner conductor,
its outer diameter d, should be:

e
D\Nn.—% . . . . . (3)
()
(derived from Eqts. (1) and (2) and
the equation for voltage standing wave
ratio’).

b) If sleeve is inside the outer con-

ductor, its inner diameter should be:

p=d(2)"H

3. Insert this sleeve in the line at
a position where the end of the sleeve
facing the load is at the point pre-
viously determined to be a voltage
minimum or an integral number of
half waves from this position.

d1=
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Fig. 2. (A) and (B) Quarter wave “sleeve’” transformers. (C)
Double sleeve transformer. (D) Tapered section matching Z, to R..

by 2x
LENGTH OF TAPER

Fig. 3. Voltage standing wave ratio
introduced by tapered section of
coaxial line from 75 to 46 ohms.

Fig. 4. Triple stub transformer.

A single quarter-wave sleeve used as
a transformer has the disadvantage
that it is resonant, i.e., it matches per-
fectly at one frequency only. The band-
width over which the match is good
can be extended by using two or more
quarter-wave sleeves placed together
and properly chosen in size.

A double-sleeve transformer such as
the one shown in Fig. 2C should meet
the following relationships:

Zo _ Zo'

R Z; (5)
and

2N Zn_ (Za):

(Zm) = Ze = Rz) (6)

For a three-sleeve network the relation-
ships between successive sleeves should
be:

(Zu)*(Zw)?

ZoR. = (Zm):_ (7)
Zo')’ — Zn _ Ze _ zw)s
(h = Ze Za - \E (8)

As more and more sleeves are used,
the matching network is made less and
less frequency sensitive, the limit being
reached as the impedance variation ap-
proaches that of an exponential line.
An exponential line, which effects re-
flectionless matching between two re-
sistive impedances that is independent
of frequency, is defined as a line whose
characteristic impedance varies in ac-
cordance with the following equation:

Z.=Zye%Fo* (9)

where Z. is the characteristic imped-
ance at point «, and Z, is the charac-
teristic impedance of the line at the
point x =0. (K, constant of equation
determines cutoff frequency f. by f.* =
K#/L.C,). Fig. 1 is a graphic presen-
tation of a coaxial exponential line.

Fig. 5. Impedance matching stub length (for distance Bd) for single
stub transformer. (A) is for inductive and (B) a capacitive load.
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Since both inner and outer diameter
of such a line must be varied, it would
be mechanically difficult to connect such
a line to two coaxial sections of equal
diameter. However, by making a sleeve
whose inner conductor diameter varies
logarithmically starting with a char-
acteristic impedance of Z, and ending
with that of R., it is possible to achieve
a very broad band matching network.
Such a sleeve is shown in Fig. 2D, and
this section is usually referred to as
a tapered line.

The reflection introduced by a ta-
pered line is given by:

dmjzx

Zi - )\(.434)10gm _Ii'.-_(l i e__)\_)
Vi— 8w ax Z,

g g mn g4 (10)
The variation of reflection with length
of taper as calculated by this formula
is illustrated in Fig. 3 for a taper
from 46 ohms to 75 ohms.

Stub Transformers

Thus far we have considered match-
ing two resistive impedances, assuming
that no reactance exists. However, in
many cases it may be simpler to choose
a point along the line whose input
impedance is equal to Z, 4+ jX. Then by
placing a reactance of equal magnitude
to X, but opposite polarity at this point,
the reactive component is tuned out
and the input impedance becomes equal
to Z.. This is achieved through the use
of stub transformers.

Shorted stub sections of line in shunt
with the main transmission line, as
shown in Fig. 6A, act as shunting re-
actances. Since this reactance varies in
accordance with the following relation:
Z:y = j Z, tan Bl . (11)
The reactance may be either inductive
or capacitive and have any value be-
tween zero and infinity (neglecting
losses).

The points along the line whose in-
put impedance has a resistive com-
ponent equal to Z, can be determined
from the Smith calculator (as described
in previous article). For example, if
the load Z, were located at a point
on the circle shown in Fig. 6B, the
points corresponding to 4 and B rep-
resent a resistive component equal to
Z,. The stub for matching should be
located at either 4 or B. If at point
A, the input admittance of the stub
should be capacitive and of magnitude
X to balance out the inductive com-
ponent of the input impedance of the
line. Similarly, if the point B is chosen,
an inductive stub should be used.

A correlation exists between stand-
ing-wave ratio, position of stub, and
length of stub. Figs. 5A and B give the
stub position and length in electrical
degrees for any standing wave ratio
7,. As indicated on these curves, 7,

APRIL, 1950
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should be measured from a minimum
toward the load. The shorting bar in
the stub can be made adjustable for
fine tuning after stub is placed in
position.

A transformer suitable for matching
any two impedances can be constructed
by placing three adjustable shorting
stubs in shunt with the line, as shown
in Fig. 4, spaced a quarter-wave apart
and ganging the first ‘and third ad-
justable stubs. This transformer has
only two adjustments which are varied
by the trial-and-error method until a
minimum standing-wave ratio is
achieved.

Resonant Lines and Filters

It has been shown in the article
“Microwave Techniques”, that a quar-
ter-wave shorted line is equivalent to
a parallel resonant tuned circuit, while
a quarter length open circuited line is
equivalent to a series resonant circuit.
Hence, it is seen that coaxial lines can
be used as a tuned circuit or filter.

The expression derived in the first
article assumed the existence of loss-
less lines. This is equivalent of consid-
ering a tuned circuit with no resistance.
For many purposes it is possible to
neglect the attenuation of the line;
however, when designing a resonant
line for use in an oscillator or filter,
the losses in the line must be consid-
ered to obtain the actual impedance
and bandwidth of the circuit.

The most convenient parameter to
use for determining the bandwidth and
impedance of resonant lines is the Q.
The @ of any line is defined to be:

Peak energy storage
Energy dissipated per cycle
N L B Y (6112))

Q:Z'TT

and in a coaxial line is:

Q= SVLC (13)
2 ap
where
L = .46 w logw b/a x 10 henries/meter
C= k;z‘i;sbl/a x 10 farad/ meter

ap is line attenuation as given in pre-
vious article’.

The parallel and series resonant im-
pedances may be expressed in terms
of @ by the following relationships:

Zh= Zzogl (series) . (14)
P 22,0 (15)

- (parallel)

Defining the bandwidth as (w-w,), with
@ the angular frequency at which the
input impedance is /2 times the series
resonant impedance, and 1/3/2 of the
parallel -resonant frequency, the rela-
tion between bandwidth and @ is given
by:

APRIL, 1950

Typical band-pass filter using wave guide elements.

Wo fo

Q= Slo—wy Zar

(16)

In general, the @ of a line is in-
creased by increasing either the size
of the conductors or the spacing be-
tween conductors. Increasing the size
of conductors decreases the skin effect,
whereas increasing the spacing between
conductors increases the inductance per
unit length.

It can be shown that the attenuation
constant of a coaxial line becomes a
minimum when D/d is equal to 3.6. This
corresponds to a characteristic imped-
ance of 77 ohms. Since the factor «n/LC
is independent of D and d, the maxi-
mum @ likewise occurs when D/d is 3.6.
Fig. 7 plots the @ of air-dielectric cop-
per coaxial lines as a function of fre-
quency for various sizes of lines, all
having the optimum value of D/d = 3.6.

Where a high degree of power must
be handled by the coaxial resonant line,
such as when it is used in a transmitter
output stage, the dimensions of the line
should also be selected on the basis of

z 2
IN/Zg =0/20 + 4 %/2
Az ° 9

X
/29 ZL/24 *R/26+ 3 %20
L2

+

R/z
R ©

IiNfzo2 20/ —d ¥/20

(B)

Fig. 6. (A) Single stub transformer. (B)
Typical normalized impedance diagram
showing location of points where re-
sistance component is equal to Zo.

power handling capability. The theo-
retical power that can be handled by
an air-dielectric line using the break-
down voltage as 15,000 v./em. is equal
to: (Continued on page 18)

Fig. 7. Q of copper coaxial lines with optimum D/d ratio of 3.6.
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The d.c. to be amplified modulates an a.c. signal.

This a.c. signal is then amplified and rectified.

P NHE MAIN purposes of this type

of amplifier are to provide a
" more stable method of and an
electronic system and apparatus for
amplification, indication and measure-
ment of direct current as well as slowly
fluctuating d.e. not readily attained
with conventional so-called direct
current amplifiers.

Ordinary direct current amplifiers
depend upon direct coupling between
the output of one vacuum tube stage
and the input of the next stage, wherein
the direct current or varying voltage
under test is directly applied to the
tubes. This often results in false and
erratic indications due to the picking
up of spurious currents and to small
plate or filament voltage fluctuation
occurring in the vacuum tube circuits
themselves.

The d.c. amplifier described in this
article is designed to have greater
stability and dependability, as well as
increased voltage amplification. It
achieves this by incorporating certain

conventional frequency techniques,
such as the employment of the prin-
ciples of intermediate frequency stages
as used in radio receiving systems be-
tween the various amplifying sections.
The amplification of direct current is
obtained by generating an alternating
current by means of a suitable oscil-
lator and modulating this alternating
current with the direct current where
amplification is desired. The result is
an amplitude modulated signal with
the direct current as its envelope of
modulation. This signal is then ampli-
fied by means of a suitable high gain
alternating current amplifier, detected
and translated.

Fig. 1 shows a block diagram of the
major components of this amplifier.
Fig. 2. shows a circuit diagram of the
entire amplifier. A set of circuit values
is indicated although the tuned cir-
cuits may be any value depending on
the desired frequency of the oscillator.

Referring to the major block com-
ponents in the sequence given in Fig. 1,

Fig. 1. Block diagram showing basic operating principles of the d.c. amplifier.
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operation can be described as follows:

Oscillator

The oscillator comprises a tube
(V: Type 63F5). The oscillation needs
to be small but constant in amplitude.
Any convenient frequency may be
employed for interstage coupling by
means of tuned circuits commonly used
in i.f. or r.f. interstage coupling tech-
niques. The amplitude stability is very
important. In the figure, the circuit of
the oscillator coil 7, is a tuned grid
circuit with a coupling coil to provide
the necessary feedback in the plate
circuit. The oscillator can, if desired,
be any other convenient type of oscil-
lating circuit. A proper amount of
negative feedback is injected in the
cathode by the 1000 ohm resistor. This
negative feedback tends to keep the
amplitude of the oscillation small and
to increase the amplitude stability.
“OSCILLATOR CONTROL” potenti-
ometer in the plate circuit provides
means of adjusting the amplitude of
the output without affecting the
stability of the oscillator. Switch B
provides means to switch the coupling
circuit on and off without changing
the previous adjustments. The coupling
circuit as shown in the figure is of the
double-tuned type marked T,. The
coupling should be loose enough so as
to prevent the small load changes due
to adjustments in the following circuits
from affecting the amplitude of the
oscillations. The tuned circuits are the
usual 1i.f. circuits tuned, trimmed,
coupled and shielded as currently used
in if. techniques. The filter section
comprising a .05 ufd. condenser and
3000 ohm resistor in the plate circuit
helps in keeping constant the ampli-
tude of the oscillation.

Modulator

The modulator consists in Fig. 2 of a
type 6SK7 tube (V:.) which has a
remote cutoff characteristic that makes
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it possible to have the variations of
output amplitude proportional to the
variations of grid bias. This happens
where the characteristic curve follows
closely enough the square law (i.e.
where the current is proportional to
the square of the signal voltage). The
average value of the grid bias should
therefore be kept around that point.
This means that the adjustment of the
modulator must be always kept at the
point of best linearity. This may not be
the same as the point corresponding to
the desired amplification of the small

voltage fluctuations. This is possible

bv means of the “AMPLIFIER CON-
TROL” potentiometer which covers all
values of d.c. input signals from 0
to 100 volts. A 2 meg. resistor in the

FIER CONTROL” potentiometer, as
well as good regulation of the screen
voltage of V.. The 4000 ohm resistor
in series with the tubes up to the B
supply is the ballast resistor. This volt-
age regulating section is also con-
nected with the following stage to
provide a similar control of the cathode
and screen voltages of the clipper tube
V. (type 6SJ7).

Clipper

Since the Dbest operating point of
the modulator with respect to linearity
does not correspond to the best operat-
ing point with respect to the gain of
small fluctuations, a clipper tube is
used to eliminate everything except
the abnormal amplitude fluctuations

pentode of the 6SJ7 type (V:) may be
used to reproduce the amplified d.c.
signal on the meter when switch A is
connected in position 3. “DETECTOR
CONTROL” potentiometer is used to
have zero current with zero signal.
This is indicated on the meter when
switch A is in the “READING” or #3
position. In the event greater sensitivity
is desired, the meter may be arranged
in a bridge circuit or in connection with
other suitable modifications thereof,
since a bridge circuit is more sensitive
than a simple meter arrangement.

Alignment

Referring to Fig. 2, the unit may
be aligned by adhering to the following
sequence of instructions:

t INPUT j

SET TO 50 A READING
\ )100V. FULL SCALE
$servoro
i i . B+
A o 1 METER |
0SC. CONTROL K [e2s = CONTROLZ
TI 0SC. cOoIL 10K 051 3 3
It {.05 05\l 5K
3K s ; U oosy f . 3
o vRI08] v3 ] 6sJ7{ve 6547
MODULATOR COIL =] CLIPPER GOIL ‘ DETEGTOR COIL
T2 9 b T3 —fsooss | T4
:1
== —E — 3
HH 1 |
N
VRIO5{ve
2meg —t— 3 é:
...... v __50)( b—qilmeq. 25K
] i A J
L L 4
AMPL a0 CLIPPING DETEGTOR
+1 1__ CONTROL = CONTROL CONTROL

Fig. 2. Complete circuit diagram for the d.c. amplifier. including some component values.

input circuit provides a d.c. connection
for the grid during the preliminary
adjustments when no signal is present
at the input terminals. The 10k resistor
in the plate circuit in connection
with the meter and Switch A in posi-
tion #1 makes it possible to adjust the
“AMPLIFIER CONTROL” until the
operating point falls in the square law
portion of the characteristic curve. In
this particular circuit version, the
meter is set to 50 which will show that
the right current corresponding to the
proper bias is flowing through the tube.
Tube V. in addition to serving as
modulater is also the first amplifier
indicated in Fig. 1 by virtue of being
connected to tuned circuit 7.

Voltage Regulating Section

In this circuit version, two voltace
regulating tubes of the VR105 type (Vs
and V.) provide good regulation of the
cathode voltage across the “AMPLI-
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that represent the desired signal. The
use of a sharp cutoff pentode (6SJ7)
V. provides a sharp clipping of the
input oscillation if the grid bias is
beyond cutoff. In this case only a part
of the positive peak of each oscillation
draws current to the plate. The tuned
plate circuit T, functions as a class C
amplifier thereby making V. also
function as the second amplifier as
shown in block diagram (Fig. 1).
The grid bias is adjusted by means of
the “CLIPPING CONTROL” potenti-
ometer. The 10k ohm resistor in the
plate circuit in connection with the
meter and the switch A in position #2
helps in finding out the proper bias. In
the circuit version shown it will be
about 10 volts although the optimum
value is determined by experimenta-
tion.

Detector
An ordinary biased detector using a
ENGINEERING DEPT.,
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1. Throw switch A in the ‘“set to 50”
position $ 1 (to the left in Fig. 2).

2. Throw switch B “on”.

3. Turn potentiometer “OSCILLA-
TOR CONTROL” P1 all the way to
the right and then bring slightly back.

4. Adjust“AMPLIFIER CONTROL”
potentiometer to read 50 on the meter.

5. Throw switch B to the “off”
position.

6. Throw switch A in the “set to 10”
position #2.

7. Adjust “CLIPPING CONTROL”
potentiometer to read ZERO. The ad-
justment should not be allowed to go
below zero. It should be stopped when
the meter reaches zero.

8. Throw switch B
position.

9, Adjust potentiometer “OSC. CON-
TROL” to read 10.

10. Throw switch A in the “READ-
ING” position #3.

(Continued on page 31)
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Basic principles and practical methods for

the correet design of air cooling systems.

By B. E. PARKER
Engineering Head, FM dept.. Gates Radio Co.

7 NHE primary purpose of any air-
cooling system is either to remove
"~ heat or to prevent heat concentra-
tion at some specific point. This may be
done by making use of natural thermal
circulation or by forced air. Amplifiers
and small transmitters are usually
cooled by the natural thermal circula-
tion resulting from the draft created by
the rising of the hot air. Louvres and
ventilator holes at the bottom and top
of the enclosure permit the air to circu-
late through the cabinet, over the hot
components and thence out. This is sat-
isfactory only where the amount of heat
dissipated is relatively small.

Where a large amount of heat must
be removed, some form of forced air
circulation is used. Fig. 1 is an example
of an efficient system of the forced draft
type. In this particular system turbu-
lence is purposely created in order to
flush all parts of the cabinet. This sys-
tem is most effective when the heat radi-
ating components (mostly plate and fil-
ament dissipation of the various tubes)
are well separated. It has the ad-
vantage of removing relatively large
amounts of air at comparatively low
velocity, which produces little noise. In
this particular example the cabinet
tends to serve as a quieting chamber,
and a baffle plate at the top further
serves in muffling the air noise.

In this, as in all air cooling systems,

Fig. 2. Performance curve of
the Fasco model 50749 blower.
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the hot air must be expelled from the

cabinet and replaced with cool air,
otherwise the heat will be merely dis-
tributed throughout the cabinet by the
blower or fan.

While a blower or fan placed at the
air outlet would be equally as effective,
the air noise level would be much higher
and the effectiveness of the dust filter
at the air intake would be largely de-
feated. When the blower is located at
the air intake, the cabinet is pressur-
ized, preventing entry of dust and dirt
through the small cracks due to doors
and other necessary openings.

The tube handbook or manual usually

ENGINEERING DEPT.
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Fig. 1. Cooling system
of a wellknown 1 kw.
broadcast transmitter,

i
S

makes a specific recommendation for
cooling the tube used. In general it is

unwise te depart radically from these

recommendations unless the tube manu-
facturer is consulted regarding the in-
tended change. Tube data sheets are
usually available from the manufac-
turer or supplier which give the amount
of air, the pressure drop, and maximum
seal temperature for the tube. Most
companies have tube application engi-
neers who will gladly supply the above
information since all this is available
from the tests made at the time of tube
design.

Where the cooling required is merely
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a blast of air directed at the seals, the
cooling system is relatively simple as a
blower giving the required c.f.m. (cubie
feet per minute) is sufficient.

Fig. 4 shows a 1 kw. FM transmitter
using a pair of 4-400A tubes in which
the cooling system is somewhat compli-
cated due to seal cooling at both the
base and anode. The manufacturer’s
bulletin shows that 14 e.f.m. per tube
passing through the base, up over the
plate seal is required. This amount of
air will result in a pressure drop of
.25 inches water column when used with
the recommended socket and air chim-
ney assembly. Fig. 6 illustrates graph-
ically this cooling system as developed
in the Evmac laboratories especially for
this series of internal anode tubes.

The pressurized lower chamber serves
to equalize the pressure for both tubes
and to muffle the blower noise to a
negligible amount. The air passes up
through holes in the base of each tube,
across filament and grid seals, out
through the side of the base flange, up
between the pyrex chimney and the tube
envelope, at which point it is deflected
across the anode seal.

The blower used in the transmitter
shown in Fig. 4 has air volume and
pressure capabilities several times in
excess of the recommended tube require-
ments. The extra air is used in flushing
the upper chamber and quickly forcing
the hot air out through the top of the
cabinet. This was easily accomplished
by placing “bleeder’” holes in the deck
between the chimney and the tube base.

The measured pressure at the bottom
of the tubes was .625 inches water col-
umn. This represents a safety factor of
150% above the tube manufacturer’s
rating, which was found by later tests
to be most conservative. In fact the air
inlet to the blower was obstructed until
the pressure dropped to .15 inches water
column. This pressure resulted in an
anode seal temperature of 150°C with
grid and filament seals 10 to 20 degrees
cooler. The blower used has the per-
formance curve shown in Fig. 2. From
the curve it will be seen that with a
pressure of .625 inches the blower will
deliver 90 c.f.m. of air.

With the widespread use of external
anode tubes, a pressurized system pro-
viding a steady stream through the an-
ode fins has become popular in FM, tele-
vision, and high power broadcast trans-
mitters. Fig. 5 is a typical example of
this type of cooling used in a recently
announced 5 kw. broadeast transmitter.

Three Eimac type 3X2500F3 triodes
are employed. Two tubes serve as the
class B modulator, shown on the right.
One tube, extreme left, is used as the
modulated Class C r.f. power amplifier.
The blank socket to the right of it is
used for an additional r.f. tube to in-
crease the power output to 10 kw. when
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desired by the station operator.

The tube manufacturer’s bulletin
specifies an airflow of 120 c¢.f.m. through
the anode cooler. This will result in a
pressure drop of 1.6 inches water col-
umn. In addition a minimum of 3 e.f.m.
must be directed toward the filament
stem structure, between the inner and
outer filament conductors. Referring to
Fig. 5 it will be seen how this is accom-
plished with a single blower cooling all
three anodes as well as the filament
seals. By means of a large blower in
the lower right hand corner, just out of
sight, the air is conducted by the heavy
canvas duet up to the pressurized cham-
ber which serves as the deck. The air
is distributed by this chamber to the
bottoms of the ceramic bowls which sup-
port the anode socket connections. The
air passes up through the cooling fins
of the tubes and on out through the top
of the cabinet expelling the heated air.
For 5 kw. operation, the unused tube
socket is blocked off to prevent the es-
cape of air and a consequent loss of air
pressure.

Air for the filament seal requirements
is provided by half inch tubing serving
as air ducts. Referring to Fig. 5 it will
be seen that these ducts extend up from
the pressurized chamber and terminate
in nozzles which force the air down into

s
TUBING CONNECTING TO

g POINT TO BE MEASURED.

Fig. 3. Simple manometer construction.
the space between the inner and outer
filament conductors.

Final measurements showed a pres-
sure of 1.7 inches water column at the
base of the tubes. In actuality, this was
adjusted to this pressure value by bleed-
ing off considerable air from one end
of the pressurized chamber for flushing
an adjacent cabinet. Temperature of
the tube seals and anode coolers was

ENGINEERING DEPT.
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Fig. 4. Typical air cooling system
used with internal anode tubes.

well under 150°C for continuous opera-
tion at full output.

The blower used for this system has
a certified rating of 1.75 inches pressure
at 800 c.f.m. This provides better than
400 c.f.m. for other purposes.

The selection of the blower depends
largely on two factors, the air volume
required in cubic feet per minute, and
the air pressure at which it must work.
Fig. 2 is the performance curve of a
Fasco model 50749 blower. It is plotted
as air volume in c.f.m. against air pres-
sure in inches water column. Working
into a static pressure of .625 inches, it
will deliver a guaranteed volume of 90
c.fm. This is the operating point for
the blower used in the Gates 1 kw. FM
transmitter shown in Fig. 4. If this
blower is used in some other application
where the pressure is only .3 inches, it
will deliver 125 c.f.m.; or should it be
allowed to exhaust in free space, the air

(Continued on page 27)

Bigs S~
mitter

Cooling system of 5 kw. trans-
using external anode tubes.
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By WALTER V. TYMINSKI

Spencer-Kennedy Laboratories, Inc.

Fig. 1. This single amplifier will
cover the entire television and FM

1 band. Leit. top-front view. Below,

bottom view with cover removed.
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The chain amplifier principle can be applied in
producing an amplifier with a bandwidth of 200 me.

"N many applications it is necessary
to amplify a television signal be-
- fore the picture quality is accept-
able. Using conventional amplifier de-
sign a booster amplifier can be built to
cover the bandwidth of an individual
channel and a switching arrangement
can be provided to cover the television
spectrum. This solution is considered
satisfactory by most individual users
even though there is an additional con-
trol to manipulate. But many other uses
require that the booster be placed at a
remote position, such as directly at the
antenna, and this necessitates the use
of a non-tunable system. Individual
channel amplifiers can be used with a
means of combining the outputs into a
common transmission line, but in some
metropolitan areas where as many as
seven television amplifiers and an ad-
. ditional one for FM would be needed,
this method becomes complex and ex-
pensive. Another solution is the use of
one amplifier to cover the entire tele-
vision and FM band, and such an ampli-
fier will be described in this paper. (See
Fig. 1).
Experience with conventional ampli-
fiers has shown that increased band-

14

width is obtained at the expense of
decreased gain. One of the coupling
systems designed to increase bandwidth
is the low-pass filter illustrated in Fig.
2 in which the output and input capaci-
ties are used as elements. For a given
tube, the gain can be increased by rais-
ing the value of the line impedance, but
this results in a smaller bandwidth.
Conversely, decreasing the plate load
reduces the gain, but increases the band-
width. There is a theoretical gain-band-
width product which cannot be exceeded
no matter how complex a coupling sys-
tem is devised for cascading stages.
The solution is to increase the trans-
conductance without increasing the tube

Fig. 2. Filter type coupling using
tube input and output capacities.
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capacities. In conventional tubes this
is difficult because once the cathode
emission has been made as large as
practical, further increases in trans-
conductance are usually obtained by
placing the grid closer to the cathode.
But this smaller physical separation
results in a higher value of input capaci-
tance. Placing tubes in parallel does
not help because while the transcondue-
tance is doubled the input and output
capacities are also doubled. One solu-
tion is the use of a new type of tube
construction such as a secondary emis-
sion type tube, but these tubes are still
relatively expensive and a method of
using conventional tubes is to be pre-
ferred. Percival, in his British patent,
suggested that more than one tube be
used per stage with the tube capacities
arranged in filter sections as shown in
Fig. 3. This effectively adds the trans-
conductance without inereasing the tube
capacities.

An analogy can be drawn between the
filter containing the input capacities
and a regular transmission line. When
a wave enters the input terminals (AA
of Fig. 3) it travels down the line and
excites each grid in turn. Since the
line is terminated in its characteristic
impedance the entire wave is absorbed
in the termination and there is no re-
flection. The individual tube then am-

@
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plifies its grid voltage and a plate cur-
rent of GuE; is available at the plates,
where E; is the grid voltage. While it
is convenient to consider the grid line
from a voltage standpoint, a current
analysis is preferable for the plate line.
Each of the-tubes can be considered a
constant current generator which feeds
a current to the junction of the output
capacity and the two inductances. (Fig.
6). A portion of the current flows
through the capacity to ground, but the
remainder splits, half going toward each
termination. If the plate and grid fil-
ters are designed to have the same cut-
off frequency the phase shift per section
will be the same in both lines. The
portions of the currents moving toward
the load will add in phase because the
signal has traversed the same number
of filter sections regardless of the path
considered. Thus, the total current in
the load is n times the contribution of
each tube, where » is the number of
tubes wused. The currents moving
toward the reverse termination (CC in
Fig. 8) are not in phase because of the
different number of sections encoun-
tered in the parallel paths, and no use-
ful output is available at this point.
But, to avoid reflections the output
must be matched at both ends and
thus the reverse termination cannot be
omitted.

The gain per tube is G.Z,/2 and the
gain per stage is nG.Z,/2 where n is
the number of tubes in the stage. In
this type of amplifier there is an addi-
tive effect and thus an individual tube
can have a gain of less than unity while
the combination of tubes have any de-
sired gain. This feature makes the
chain type of amplifier especially at-
tractive. From the standpoint of econ-
omy the tubes should be arranged such
that a “stage” or “chain” has a gain of
€(2.72). For additional gain the stages
should then be cascaded. The essential
difference between chain amplifiers and
the conventional amplifier is that in the
former more than one tube is used per
stage while in the latter, individual
tubes are cascaded. Stagger-tuned am-
plifiers are not in reality distributed
amplifiers in the sense that a number
of different responses are multiplied,
while in the chain amplifier each tube
amplifies the entire bandwidth in the
same manner and the individual re-
sponses are added in the load.

Design Parameters

There are a number of filter section
arrangements that can be used but the
low-pass constant % type filter was
chosen because of the simplicity of con-
struction and the rising gain that is
obtained with increasing frequency. In
television applications the transmission
lines and associated system usually have
a rising loss characteristic with fre-

APRIL, 1950

QXIPR4 )

(X

Eg
|

Fig. 3. Schematic diagram of a typical wide band chain amplifier stage.

quency and the amplifier compensates
in part for this loss to make the over-
all response flatter. The theoretical gain
of this arrangement is:

nGnRy
21 —u®
where 7 = no. of tubes
G» = tube transconductance
Rp = \/Lp/ Cp
L, = inductance element of
plate line filter

Cp = capacitance element of
plate line filter

x = flf.
f = actual frequency
fo = cut-off freq. of filter

This function is plotted in Fig. 4.
But in practice, it will be found that
the gain will not rise as much as shown.
The resistive component of the input
impedance of a tube decreases with fre-
quency and the loading produced on
the line decreases the over-all gain.
Other effects that reduce the gain in
practice are such things as skin effect,
transit time, and lead inductance.

The design equations for a low-pass
constant k filter are shown in Fig. 7.
A study of these equations shows that
the greatest bandwidth and gain can be
obtained by making the capacitance as
small as possible. In the grid line the
lowest value of capacitance possible is
the combination of the input capacity
together with the associated strays. It
can be used directly as a filter element.
A choice of the cut-off frequency deter-
mines the value of the inductance and
thus the characteristic resistance of the
line. Previously it was mentioned that
plate and grid lines must have the same
cut-off frequency but not necessarily the
same characteristic impedance. But
when amplifier stages are cascaded it is
more convenient to have the same value
of impedance for each line. The plate

(1)

Gm Rp
S

L
2
—

GAIN IN TERMS OF

L1

f
X= %

Fig. 4. Plot of theoretical gain frequency
response of chain amplifier using
constant K low pass filter sections.

line should then have the same value of
inductance and capacitance as the grid
line. Since the output capacity of pen-
todes is lower than the input capacity
a padding capacitor must be added in
the plate line whose value is the differ-
ence between the tube input and output
capacity.

Filter theory requires that the load
be matched to the line so that there are
no reflected signals from the termina-
tions. The necessary value of impedance
is determined from an analysis of a
single section terminated in Z,, with the
input impedance also being equal to
Z.. For the filter section used in this
amplifier the value of impedance is
Z.=R./1—z’. This impedance is pure-
ly resistive in the pass band, starting
out at Z, = R for zero frequency and
decreasing to zero at cut-off. In the
stop band the impedance is a pure in-
ductive reactance which increases with

Fig. 5. Combining several inputs into common output for use as an antenna coupler.
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Fig. 7. (R) Typical series section
filter. (B) M derived terminating
sections to match constant re-
sistance generator and load to
the filter. (C) Design equations for
the end and intermediate sections.
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TO OTHER TELEVISION
GOUPLERS OR INDIVIDUAL
TELEVISION REGEIVERS.

Fig. 8. Multiple television instal.
lation with as many receiver cou-
plers and multipliers as neces-
sary in the particular installation.

frequency. Since the impedance is not
constant with frequency a constant re-
sistance is not a good match, and if
used, will result in reflected signals the
magnitude of which will rise with fre-
quency. This reflection in the grid line
would cause a portion of the current
propagated towards the load to be re-
flected. The effect of mismatches is to
cause a standing wave in the gain fre-
quency response of the amplifier. Thus
the line termination must be made to
look like a falling resistance with fre-
quency. This can be done by using
conventional half section filters as
shown in Fig. 7 together with the de-
sign equations. The input, which is
usually applied to a generator of con-
stant impedance with frequency, is
matched to the line in the same way.

An amplifier using the principles de-
seribed was constructed and is shown
in Fig. 1. The cut-off frequency is 250
me., and a line impedance of 180 ohms
was used so as to obtain a nominal
voltage gain of 9 db. for a stage using
six tubes. In the model shown, two
stages were cascaded so as to provide
a total gain of 18 db. Since 180 ohms
is not a common television impedance,
transformers were provided to bring
the input and output of the amplifier
to an impedance level of 72 ohms. Since
the input transformer is used in the
step-up position while the output trans-
formér is used in the step-down posi-
tion, with both transformers having the
same turns ratio, the over-all gain of
the transformers is unity. Almost any
impedance can be obtained by the use
of transformers and this is particularly
simple in the case of unbalanced imped-
ances because a simple autotrans-
former winding will suffice.

Uses

The wide-band chain amplifier has
several advantages over conventional
amplifiers, some of which are:

(1) One chain amplifier can amplify
the twelve television channels, both
old and new FM bands, the short
wave frequencies, and even the broad-
cast band if desired. Using conven-
tional amplifiers a large number of
individual amplifiers would be needed
to accomplish the same purpose.

(2) Tube failure in a chain ampli-
fier is not fatal to the system, but

Fig. 9. Plate line altered to provide a number of outputs from a single input.
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merely results in a slightly reduced
gain without appreciably affecting
the form of the gain frequency re-
sponse. In a conventional amplifier,
tube failure means complete loss of
the signal.

.{(38) The chain is extremely stable
and will not drift appreciably even
under wide temperature conditions.
(4) When individual channel ampli-
fiers are used, amplification of a tele-
vision signal through any of the other
channel amplifiers will produce mul-
tiple images such as ghosts, because
of the different time delays of the
ampliers. This cannot happen in a
chain amplifier.

(5) Unlike the chain amplifier, the
use of several channel amplifiers in-
creases the possibility of eross-modu-
lation. Weak signals of other sta-
tions may produce an objectionable
amount of cross-modulation in the
output of the individual amplifier and
the picture quality is impaired.

An amplifier of the wide-band type
finds extensive applications in radar,
oscillography, nuclear physics, televi-
sion testing and distribution systems,
and general laboratory measurements.
Pulses, transients and low-level an-
tenna signals can be amplified to useful
levels by cascading several stages. The
sensitivity of vacuum tube voltmeters
and oscilloscopes can be made greater
by the amount of gain provided in the
amplifier. The output voltage of wide-
band oscillators, signal, sweep and pulse
generators can be increased with a con-
venience and stability no tuned ampli-
fier can provide.

In many television installations it is
found that a simple antenna system
consisting of a separate low and high
band antenna connected by a divider
network is satisfactory. In these appli-
cations the amplifier can be inserted in
the single transmission line. Other in-
stallations require a more elaborate
antenna system and in the ideal case an
individual channel antenna would be
provided. This antenna could be cut
for the desired frequency and then
oriented for best signal reception. When
more than one antenna is used the out-
puts must be combined before being
applied to the amplifier. The other al-
ternative is to run an individual line
from each antenna and then switch the
receiver input to the desired antenna.
If amplification is desired the amplifier
can be placed between the switch and
the receiver. But this system requires
a large amount of cable plus the nui-
sance of another control. Thus, the
more convenient arrangement would be
to combine the antenna outputs and run
only one transmission line to the re-
ceiver.

There are a number of methods of

(Continued on page 29)
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Do you have complete data

on the revolutionary new HEeLIPOT—the helical
potentiometer-rheostat that provides many times greater
control accuracy at no increase in panel space?. .. or on the equally

vnique bUODIAL that greatly simplifies turns-indicating applications? If you are
designing or manufacturing any type of precision electronic equipment, you
should have this helpful catalog in your reference files...

/f&”/d/bs-the unique helical principle of the

HELIPOT that compacts almost four feet of precision slide wire into a
case only 1% inches in diameter—over thirty-one feet of precisian
slide wire into a case only 3% inches in diameter!

/fpgfd//(sw the precision construction features

found in the HELIPOT...the centerless ground and polished
stainless steel shafts—the double bearings that maintain rigid
shaft alignment—the positive sliding contact assembly—and many
other unique features.

/f ///”5’/”’65 = describes and gives qu” v dimen-

sional and electrical data on the many types of HELIPOTS that are
available . . . from 3 turn, 1% diameter sizes to 40 turn, 3" diameter
sizes .. .5 ohms to 500,000 ohms...3 watts to 20 watts. Also Dual
and Drum Potentiometers.

/7‘9650//%35' and illustrates the various spe-

cial HELIPOT designs available—double shaft extensions, multiple
assemblies, integral dual units, ete. :

i ) A :
/f é/ Ve €8 = il detais on the DUODIAL—the new type

turns-indicating dial that is ideal for use with the HELIPOT as well as
with many other multiple-turn devices, both electrical and mechanical.

If you use precision electronic components
in your equipment and do not have a copy of this helpful Helipot
Bulletin in your files, write today for your free copy.

e Hel IPOT CORPORATION, 1011 MISSION ST. SOUTH PASADENA 4, CALIF.
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Mierowave Comp.
(Continued from page 9)
Poas = 4.05 X 10° & logw D/d (17)

In practice, it is necessary to limit
maximum power to considerably less

L ===,
L
(A} (8)
a we
o =2
{c) {0}

Fig. 8. Resonant lines (A) and (C)
with capacitive inputs. Equivalent
circuits are shown in (B) and (D).

HLIU c.’ —'Kcn L
Ly :g
(A)
——f

Fig. 9. (A) Coaxial line equiva-
lent of simple “T” filter (B).

Zos 2o,

L

ifﬁ SHORTING PISTON

Fig. 10. Dual impedance line.

than maximum limit due to higher
gradients at stub supports and termi-
nating joints.

In many practical applications, the
input to the line will have a capacitive
reactance, as shown in Fig. 8, in which
case the line must be foreshortened to
cancel out this reactance. This is done
by making the reactance of the line
equal and opposite to that of the ca-
pacity, or:

1
tan gl = — ZooiC (shorted) (18)
tan gl = Zw,C (open) . (19)

Filter Networks Using
Transmission-Line Elements

Resonant lines are used in a micro-
wave system as narrow band filters.
Many of the expressions that have been
derived for tuned circuits at ordinary
radio frequencies can be applied with
equal accuracy to resonant lines at
microwave frequencies. In fact, the
general procedure in the design of any
type of filter usually begins with de-
termining the filter parameters on the
basis of lumped constant elements in
the conventional manner, and then cal-
culating the coaxial line elements that
will duplicate the filter configuration
desired.

The simplest filter is, of course, the
resonant line. The loss in such a line
is given by the following expression:

Q.
Db. loss = 10 logie 0. — Q.
where Q. is the unloaded @ of the line
and Q. is the loaded Q.

Another simple filter is the band pass
“T” filter shown in Fig. 9A. An equiva-
lent coaxial line circuit is shown in
Fig. 9B. The length, I, of the series
arm is chosen so that the circuit
will resonate at the frequency fo =

1/27\/L, Ci. The parameters of the line
are chosen so that its equivalent induct-
ance and capacitance at fo is equal to
L, and C, respectively. The shunt arm

(20)

Fig. 11. Impedance vs. frequency for (A) single impedance resonant
line and L-C circuit and (B) dual impedance line and L-C circuit.
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is similarly designed to resonate at fo =

1/27\/L: C:, and have equivalent induct-
ance and capacitance to L. and C: at
this frequency.

It should be noted that the off-reso-
nance impedance of Fig. 9A is not ex-
actly equal to that of Fig. 9B. The
reason for this is that the impedance
variation of a coaxial line is a tan-
gential function, while that of a lumped
constant element is linear. This dif-
ference, shown in Fig. 11A for an LC
circuit, may or may not be important
depending upon the individual applica-
tion.

There are a number of methods that
can be used to minimize this effect.
Again the one used will be primarily
a function of the results desired. For
example, it is possible to minimize
the impedance variation near the reso-
nant frequency by using a dual imped-
ance line such as the one shown in Fig.
10. The impedance variation of this
line compared to that of a lumped con-
stant circuit is shown in Fig. 11B.

Wave Guide Elements—Induetive
and Capaeitive Windows

If a wave guide contains a non-uni-
form discontinuity such as the step
discontinuity of Fig. 12, a certain
portion of the energy will be reflected
and cause standing waves. Such a dis-
continuity corresponds to a reactance.
Normally the discontinuities are made
symmetrical to the parallel walls and
are called windows. For a TE,,, mode,
a window parallel to the “b” side of
the guide® represents an inductance; a
window parallel to the “a” side a ca-
pacity, as shown in Fig. 13.

A window is used in much the same
manner as a stub in coaxial lines. In
the article on “Microwave Transmission
Lines”, the method of matching a wave
guide to any load was discussed, and as
indicated in this article, normalized sus-
ceptance is the most convenient param-
eter to employ. The theoretical normal-
ized susceptance of an inductive win-
dow is:

wr

2a

\¢ is the guide wavelength, and r the
opening of the window. The actual sus-
ceptance obtained from a window is
somewhat greater than the theoretical
value. This is because of the finite thick-
ness of the window which is not included
in the simple theory and effectively in-
creases the susceptance of the window.

The normalized susceptance of a ca-
pacitive window, assuming a window of
zero thickness, is:

LD log cosec B
N, 8w 25
The thickness of the window has an
appreciable effect in this case. An ex-

.Y’ 2
15— = cot (21)

By = (22)
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10 T mes More Rugged-

New Sylvania shock-tested tubes withstand shocks greater than 400 §’s

S§SNIWGT
7F8W 28D7W . madiom M
High Gm Duo- ey

Triode Lock-in Power Amplifier Amplifier

6X5WGT
Double Beam pyo-Triode Full-Wave Duo-

e T
i e

6L6WGA
Power
Amplifier

Duo-Diode

Power Amplifier Rectifier

est7wor ¢
High My Duo- -

Diode Rectifier Triode Amplifier

Ideal for industrial radio applications...
for aircraft...buses...trains... police cars...
or wherever shock and vibration are problems

Troublesome problems of tube failure re-
sulting from shock or heavy vibration are
now being solved. . . for keeps . . . by these
new Sylvania“Ruggedized” or*“W” tubes.
Originally designed to government speci-
fications to withstand shock and vibra-
tion caused by artillery action, these tubes
keep operating under vibration up to
2-1%4 G’s...withstand shocks more than
400 times the force of gravity.

A dozen new design techniques have gone
into the perfection of these tubes. More
than that, they ave precision-built from

precision parts. Exhaustive lab and field
tests have definitely proved them as
much as 10 times more rugged than or-
dinary tubes. Electrical characteristics are
similar to those of standard types.

Note too, their reduced overall length
and their straight glass bulbs. . . features
which make possible smaller and more
compact equipment dcsign.

Maximum ratings and other characteris-
ties of these new “Ruggedized” types are
available from Sylvania Flectric ’roducts
Inc., Dept. R2304, Emporium, Ia.

6X4W
Miniature Duo-
Diode Full-Wave
Rectifier

6SUTWGT
Sharp Cut-off
R.F. Pentode

CHECK THESE 10

""RUGGEDIZED” FEATURES
for longer life and
better performance

1. Double thickness micas

2. Heavier side-rod supports
3. Shorter leads

4. Straight glass bulb

5. Flat, circular header

6. Fewer internal connectors
7. Shorter elements

8. Reduced overall height

9. Additional mount supports

10. Low-loss phenolic base
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Fig. 12. (A) Wave guide with step
discontinuity. (B) Equivalent circuit.
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Fig. 13. Three types of wave guide
windows and their equivalent circuits.

Fig. 14. Tuning screw in wave guide.

pression which provides results that
are much closer to actual values is the
following:

27 w( b »

N \7 7% )

B = B, -

where w is the window thickness, and
B, the normalized susceptance for w=0.

The capacitive window is limited in ap-
plication to low power systems because
it greatly enhances the possibilities of
breakdown.

Tuning Screws

A tuning serew is a cylindrical probe
extending into the wave guide parallel
to the electric field as shown in Fig. 14.
The screw acts essentially as a shunting
reactance in the guide. The magnitude
of susceptance varies with depth into
the guide. Short lengths of probe are
equivalent to shunting capacities, the
susceptance increasing with depth until
a length of approximately a quarter-
wave is reached in which case the res-
onance occurs and substantially all of
the incident wave is reflected. For still
greater lengths the screw becomes in-
ductive. In most applications it is used
in the capacitive region. The sharpness
of resonance is a function of the diam-
eter of the screw and higher Q’s are
found with smaller diameters. Typical
measured susceptance of this screw as
a function of r is shown in Fig. 16.

Three tuning screws separated from
each other by one-quarter of a wave-
length is a commonly used combination
for broad tuning. To match a load to a
line, the center screw and only one of
the outer screws are varied.

Quarter-Wave Tramsformer

A quarter-wave transformer in a
wave guide can be achieved by reducing
the dimensions of the wave guide by a
quarter-wave section whose dimensions
are calculated from the following ex-
pression:

ZQT o bT a Agr

Zy — bark (24)

In addition to the change in character-
istic impedance, a shunt susceptance is
introduced at each junction, which may
be calculated from Eqgts. (23) and (22).
These susceptances must then be tuned
out by methods indicated previously.
A more practical method of achieving
a quarter-wave transformer is through
use of the asymmetrical -capacitive
transformer shown in Fig. 17. The in-

Fig. 15. (A) Rectangular wave guide cavity. (B) Reentrant cav-
ity and equivalent circuit. (C) Cylindrical wave guide cavity.
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put admittance seen at the generator
side when the load end is matched is
given by:

o
Yo T\ br
This type of transformer has the ad-
vantage that it can be slipped into the
guide, just as a sleeve, and adjusted for
minimum standing-wave ratio by drill-
ing a small hole in the center of the
guide and positioning transformer with
a dielectric rod.

(25)

Wave Guide Cavity Resonators

As in the case of the resonant coaxial
line, it is possible to design a wave guide
so that it will act as a tuned circuit, or
resonate, at the desired frequency. Such
a wave guide, which usually takes the
form of an enclosed box, shown in
Fig. 15A, is called a cavity. (Resonant
coaxial lines are also sometimes referred
to as cavities but usually a “cavity”
implies an enclosed wave guide.)

Much of the material given for co-
axial line resonators holds true for the
guide cavity with the exception that all
three dimensions of the guide must be
properly designed to propagate the mode
desired with maximum efficiency. The «
and b dimensions are governed to a
large degree by the same factors, i.e,
cut-off frequency and attenuation for
mode desired, that were described in the
last article for transmission of energy.
The z dimension determines the fre-
quency of resonance. The expression for
the resonant wavelength of a rectan-
gular cavity is given by:

2 ' (26)

TVE B )

where [ is the number of half wave-
lengths down the guide in “z” direction.
For a TEie: (last subseript represent-
ing half wavelengths in the z direction)
| =m =1, and z =a,

N=vV2a (27)

The @ of a wave guide must be
worked out individually for each type of
mode used, starting with the definition
given by Eqgt. (12). In general, the @
will be proportional to:

1 V.
Q= <5 (28)
where Vo is volume of guide and S is
its surface, and & is the r.f. resistance
of guide conductor.

The @ of the cavity defined by equa-
tion (27) is:

1

—L = (29
i

=
353 =5

The shunt impedance of this cavity at
resonance is given by:
(Continued on page 30)
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Yew Safety, New Speed w Lue Hosembly

Q. What is the main cause of driver skidding? A. “Ride-out” as set up by tapered driving.
Q. How does CLUTCH HEAD overcome this “ride-out’? A. By elimination of the tapered recess.
Q. How does the cLUTCH HEAD engagement differ? A.With straight sidesof drivermatchingstraight recesswalls.
Q. What safety benefit results from this engagement? A. No slippage, so no damage to operators or work.
Q. Does this eliminate need for end pressure? A. Yes. No “ride~-out” to combat; no end pressure; no skids.
Q. Do CLUTCH HEAD users support this skid-free claim? A. Many. Norge says ‘“Cabinet damage eliminated.”
Q. What of this feature as a fatigue factor? A. Effortless driving means more screws driven per day.
Q. How does the Center Pivot Column add to safer driving? A. It prevents canting by guiding bit into dead-center entry.

Q. Why is CLUTCH HEAD ‘‘America’s Most Modern Screw’’? A. Because it has features unmatched by any other screw.

Q. What are these features? Q. And how may we check them?

A. You may check all of these features by
sending for package assortment of screws,
sample Type “A” Bit, and illustrated
Brochure. These will come to you by mail
and will give you an understanding why
CLUTCH HEAD users report 15% to 50%
increases in assembly production.

A. They include a recess engagement to
match the ruggedness of the Type ““A” Bit
construction for driving up to 214,000 screws
. . . non-stop; simple 60-second bit recon-
ditioning; the Lock-On for easy one-
handed driving, and basic design for com-
mon screwdriver operation.

CLEVELAND 2~ CHICAGO 8 - \'NEW YORK 7
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ELECTRONIC DEVELOPMENT

In a recent article on “Electrical and
Allied Developments of 1949 published
by General Electric Company was in-
cluded the outstanding design of an x-

ray machine based on the building-
block principle which will permit the
physician’s x-ray facilities to grow as
his practice grows.

The complete unit shown actually con-
sists of 15 subassemblies, which can be
added to one another according to the
scope of the physician’s x-ray work and
practice. The basic unit is composed of
table top, table frame, legs, and Bucky
diaphragm. When used with a mobile
or portable type of x-ray tube-trans-
former assembly, it comprises the sim-
plest unit for radiography. As his prac-
tice grows, the physician may add a
special higher-powered tube and trans-
former, together with floor rail on
which the tube can be moved alongside
the table.

The same building-block system ap-
plies to fluoroscopy. The fluoroscopic
carriage containing shutters and screen
may be incorporated. Later a spot-film
device for making radiographs of views
as seen with the fluoroscope may be
added.

LAUD ENGINEERING SCIENTISTS

In a recent address to the Machine
Design Division of The American So-
ciety of Mechanical Engineers, Joseph
B. Armitage, a director-at-large of the
society and vice president of Kearney
& Trecker Corp., Milwaukee, Wisec.,
pointed out the tremendous advance in
electronics during the war and its ap-
plication to peacetime uses.

According to Mr. Armitage, although
the great majority of our research men
and scientists are still at work devising
instruments of war, the relatively small

22
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portion of technical men available to
apply the results of the engineering
progress of the last ten years to peace-
time uses have done a marvelous job.

EFFECT OF SHOCK ON ELECTRON TUBES

Members of the American Institute
of Electrical Engineers learned at their
recent Winter General Meeting of ex-
haustive scientific studies of electrical
noise produced in electron tubes as a
result of shock and vibration.

Lester Feinstein of the Product De-
velopment Laboratories, Sylvania Elec-
tric Products Inc., Kew Gardens, New
York, who revealed the study, said that
structural causes of microphonism in
electron tubes stem principally from
rattle of elements, motion of the mount

as a unit and resonance of tube ele-

ments. Laboratory studies which he
revealed were carried on for the devel-
opment of new types of subminiature
tubes.

Experimental procedures used in
which methods and equipments have
been developed to impart controlled mo-
tion to tubes and for measurement of
electrical response were outlined. In-
cluded in methods which Mr. Feinstein
reported were electromagnetic vibration
tests run at either constant velocity or
constant acceleration throughout a
range between 25 and 10,000 cycles.

RADIO DISTURBANCE WARNINGS

The radio disturbance warning no-
tices broadcast regularly from radio
station WWYV of the National Bureau
of Standards are based on comprehen-
sive observations of radio, ionospheric,

ENGINEERING DEPT.
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solar, and geomagnetic phenomena at

stations throughout the world.
Warnings are given in code following

the time announcements at 19 and 49

minutes past each hour. A series of
N’s signifies that radio propagation
conditions are normal, a series of U's
that they are unstable, and a series of
W’s that they are disturbed or are ex-
pected to become so within 12 hours.
The direction of arrival of radio
waves from transatlantic stations is
measured with the instrument shown.

SYLVANIA ABSORBS COLONIAL

Sylvania Electric Products Inc., has
absorbed its wholly-owned subsidiary,
Colonial Radio Corporation, manufac-
turers of radio and television sets. The
operations will be continued in Buffalo,
New York, as the Colonial Radio and
Television Division.

E. E. Lewis, formerly president of
Colonial, has been elected vice-president
of Sylvania in charge of the Colonial
Radio and Television Division, and the
personnel and policies will continue un-
changed.

X-RAY MICROSCOPE '

A microscope which makes it possible
to examine directly minute details of
internal structure in materials through

which light cannot pass has been an-
nounced by General Electric’'s Research
Laboratory.

Miss Charlys M. Lucht, who devel-
oped the x-ray microscope in collabora-
tion with other GE scientists, is shown

(Continued on page 30)
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EL-MENC® CAPACITORS

~

UNDER B [—

In capacitors performance depéhds on dielectric
strength to withstand strain. Bg{pre El-Menco capaci-
tors leave the factory they m’g# pass severe tests for
dielectric strength —at double the working voltage,
insulation resistance and for capacity value. El-Menco
fixed mica condensers meet and beat strict Army-Navy
standards. That’s why you can rely on El-Menco

performance in yozr product. CM 15 MINIATURE CAPACITOR

Actual Size %" x 14" x ¥%". For Radio, Television and
S o A iWAY S Other Electranic Applications.

2 ta 420 mmf. capacity at 500v DCw.

Specify Pretested Capacitors by El-Menco. . . 2 to 525 mmf. capacity at 300v DCw.

Temp. Co-efficient =50 parts per million per degree C for
most capacity values.

THEY HOLD UNDER 6-do cotor codad

. THE
ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT

Write on your
firm letterbead for
Catalog and Samples

MOLDED MICA  MICA TRIMMER

CAPACITORS

FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH QUR EXPORT DEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONlCS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada
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AIR METER
Hastings Instrument Company of

Hampton, Virginia has announced that
its Model G Air-Meter is the first elec-

trical anemometer to be free of the
effects of rate of change of temperature.

This instrument provides instantan-
eous, direct, accurate readings of air
velocities from 5 to 6000 feet per min-
ute with an expanded scale in the low
velocity ranges, and is now available
with built-in temperature compensation
to prevent momentary error in velocity
reading when the probe is subjected to
sudden changes of temperature.

A group of practical accessories is
available, including a carrying case
with battery operated power pack for
use when 110 volt a.c. power supply is
not available. For those now using
Hastings Air-Meters, special probes
which compensate for rate of change
of temperature are available.

ELECTRONIC RELAY

Servo-Tek Products Co., 4 Godwin
Ave., Peterson 1, N. J., has developed
an electronic relay system to provide

super sensitivity in industrial control
applications. This miniature unit, which

24

mounts on a standard 4” electrical con-
nection box, incorporates simplicity .of
design and a minimum number of com-
ponents.

The unit operates from the 115 volt
50-60 cycle line and uses no filament
to draw standby power with the relay
circuit energized. The load relay con-
tacts are arranged to permit a choice
of either opening or closing a circuit,
or simultaneously to open one circuit
and close another. .

Additional data is available on re-
quest and the manufacturer will assist
in application problems.

TV POWER CONTROL

RCA Engineering Products Depart-
ment, Camden, N. J., has added to their
TV equipment line a power control unit
for mobile television pickup equipment

which provides power consumption read-
ings and permits regulation of both in-
put and output voltages from a central
point in the mobile unit.

The control unit, consisting of trans-
formers, circuit breakers, and other con-
trol apparatus for manually regulating
both input and output voltages, is
housed in a shock-mounted cabinet de-
signed for mounting in the television
truck.

Shown is the front view of the power
control unit capable of operating from
any two-wire system providing input
voltages between 100 and 120 volts,
or between 200 and 220 volts, 60 cycles
at 5 kva.

AIR-COOLED TRANSFORMER
Larger-sized, air-cooled transformers,
identified as AmerTran Type GS, are
now being manufactured by the Ameri-
can Transformer Company, Newark,

ENGINEERING DEPT.
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N. J. They are manufactured in stand-
ard ratings from 15 to 200 kva., single-
phase, 60 cycles, and with either 240/
480- or 600-volt, high-voltage windings.
Low-voltage windings which are rated
120/240 volts are suitable for supplying
lighting, motor and distribution loads.

According to the manufacturer, Amer-
Tran Type GS provides adequate and

convenient accommodations for wiring
connections in all types of installations
without the need of specially fabricated
fittings. In installing transformers for
single-phase service, ample space for
all required wiring is available in a
large built-in wiring compartment lo-
cated at the top of the transformer
directly above a terminal board to
which coil leads are connected.

MINIATURE POTENTIOMETERS

High precision miniature potentiom-
eters are now being offered by Tech-
nology Instrument Corporation, 1058
Main Street, Waltham 54, Mass. Only
7%” in diameter, and 3” in depth, these
miniature potentiometers are available
in resistance ranges of 100 to 25,000
ohms.

The accuracy of total resistance may
be specified as close as *= 1%, and
linearity to *= 0.8% of total resistance
as required. These units may be ganged
together with adjusting clamp ring to
permit individual phasing.

Additional information may be ob-
tained by writing direct to the company.

BETA GAMMA MONITOR

Model 2610A, beta-gamma portable
count-rate meter, is being offered by the
Nuclear Instrument and Chemical Corp.,

223 West Erie St., Chicago, Illinois.
This model is housed in a water-tight

APRIL, 1950


www.americanradiohistory.com

case and incorporates a proven elec-
trical circuit which has been manufac-
tured by the company for several years.

The interior is tropicalized to elimi-
nate effects of humidity or other adverse
atmospheric conditions. The probe is
also water-tight and contains a plug-in
tvpe Geiger tube to facilitate servicing.
Internal parts are arranged for ease in
servicing and circuit components are
mounted in the cover. The easy-to-read
meter is calibrated in both milliroent-
gens per hour and in counts per minute.

The instrument is supplied complete
with an attached radioactive source for
checking calibration, batteries and crys-
tal earphones.

THERMO-REGULATOR

The H-B Instrument Co., 2633 Tren-
ton Ave., Philadelphia 25, Pa., has an-
nounced their Quick-Set Thermo-regu-
lator on which the control setting can
be varied over a
wide range in a
matter of seconds.
Once set within
10°F. of the control
temperature, ad-
justments of sev-
eral degrees down
to 0.01 and even
smaller under fa-
vorable conditions,
are made by merely
turning a ring
knob.

The compact,
self - controlled
Quick-Set Regula-
tor fits into the
medium to be con-
trolled and, through an H-B Electronic
Relay, can handle up to 30 amperes at
110 volts a.c. One model covers a range
from approximately plus 30° to 600° F.
or higher. Another model covers a
range from minus 38°F. to about 50°F.

Full particulars may be obtained by
writing to Dept. T-65.

DEMONSTRATION UNIT

A demonstration magnetic amplifier
for educational purposes in schools and
industry is being introduced by Vickers
Electric Division, of Vickers Incorpo-
rated, 1815 Locust St., St. Louis 3,
Missouri.

This unit is arranged so that all basic
single-phase self-saturating circuits
may be studied. By arrangement of
the external connections either d.c. or
a.c. output is available and either d.c.
or a.c. control power may be used.
Aside from the basic purpose to show
the principle of the high-performance
self-saturating magnetic amplifier, the
new demonstration unit may be used
in operating control circuits.

Reference material and bulletins in-
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cluded with each unit give the wiring
diagrams of several control circuits, as
well as a series of laboratory experi-
ments arranged to help the student

determine magnetic amplifier static
characteristies, internal impedance and
optimum load, dynamic characteristics,
and types of control circuits.

All colleges, universities, laboratories
and other groups who are interested in
the Vickers Demonstration Magnetic
Amplifier are invited to write for com-
plete details.

MAGNETIC CORE MATERIAL

Westinghouse Flectric Corp., P. O.
Box 2099, Pittsburgh 30, Pa., has de-
veloped two magnetic core materials
for transductor application. These mate-
rials, Hipersil and Hipernik V, have
rectangular, very narrow hysterisis
loops, and are especially suited for
electronic applications such as mag-
netic amplifiers, saturable reactors, and
the new type of contact rectifiers.

Available in several thicknesses of
lamination for various frequency and
response requirements, the materials
can be supplied in continuous toroidal
or rectangular and butt-joint cores.

For further information, write direct
to Westinghouse.

FREQUENCY-DEVIATION MONITOR
Motorola Inc., 4545 Augusta Blvd,,
Chicago 51, Illinois, is now offering to
operators of 2-way FM radio systems
a highly sensitive frequency-deviation
monitor to measure the relative strength

of signals being transmitted, the mag-
nitude of frequency modulation, and the
error displacement of the signal from
its assigned center frequency.
Designed for 117 volt, 60 cycle oper-
(Continued on page 31)
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— another advantage
of using

PRECISION
Coil BOBBINS

The lug-type terminal leads you can specify
for the flanges of Precision Coil Bobbins
allow faster, more trouble-free connecting
than open-wire leads. Entire bobbin is
impregnated to meet Underwriters' stand-
ards. We can give you flanges with leads
(as above), with slots, holes, or plain—
and all types can be furnished flat, re-
cessed, or embossed—to fit any mount-
ing. Tube ends swaged to lock flanges
in place. Spiral-wound cores, heat-treated
under compression, provide greater strength
with less weight. Insulation strips are
unnecessary—permitting closer winding,
more compact coils.

Let us help you
with bobbins
designed

to fit YOUR
particular product!

Any shape, any size
. round, square,

rectangular . . .

in dielectric Kraft,

Fish Paper, Cellu-

lose Acetate, or

combinations. Let

us make up a free

sample for you

NOW!

. PRECISION
. EAPER JURE $O:

Also Mfr's of Precision Di-formed Paper Tubes

2063 W. CHARLESTON S$T., CHICAGO 47, ILL.
Plant #2, 79 Chapel St., Hartford, Conn.
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GABRIEL V. BUREAU has been appointed field engineer
for the equipment sales department of the Radio Tube Divi-
sion, Sylvania Electric Products Inc., New York, N. Y. Mr.
Bureau was formerly technical commercial manager for the
North American Philips Co., and assistant sales manager
for the Amperex Electronics Corp. He received his B.S. in
electrical engineering from the University of Southern Cali-
fornia and is a member of the IRE and AIEE."

LAWRENCE L. FERGUSON, assistant executive en-
gineer at General Electric Company, has been appointed to
take charge of the West Milton Area Project at West Mil-
ton, N. Y., where an experimental atomic power plant is
under construction as part of the GE laboratory facilities.
Mzr. Ferguson, who is a graduate of the California Institute
of Technology, will be responsible for coordinating all phases
of design and construction.

B. K. V. FRENCH has been appointed application en-
gineer of the Electronic Parts Division of Allen B. Du Mont
Labs., Inc., with headquarters in the East Paterson plant.
Mr. French began his active radio career in 1923 with Fed-
eral Telegraph & Telephone as development engineer and
has been associated with American Bosch, RCA, Case Elec-
tric, and P. R. Mallory Co. He is a Senior Member of IRE
and a member of The Radio Club of America.

RALPH E. GOULD, chief of the time section at the
National Bureau of Standards, has retired after over thirty-
one years of service. Mr. Gould is the author of many
articles in Bureau of Standards’ and other publications con-
cerning the technical aspects of time computation and the
construction and testing of timepieces. Mr. Gould will
devote his time to duties as Secretary of the Horological
Institute of America.

R. L. GROVE has been appointed chief engineer of Cornell-
Dubilier’s Ceramic Division in New Bedford, Mass. Mr.
Grove, a graduate of Ceramic Engineering from the Uni-
versity of Illinois, was previously with Westinghouse Elec-
tric Corporation as Ceramic Engineer in the company’s elec-
trical porcelain plant at Derry, Pa., and more recently with
the Centralab Division of Globe Umnion, Inc., Milwaukee,
Wisconsin.

DR. JOHN McELHINNEY recently joined the staff of
the Radiation Physics Laboratory of the National Bureau
of Standards where he will use the Bureau’s new 50-million
volt betatron for research in nuclear reactions and high-
energy x-rays. Dr. McElhinney is co-author of several arti-
cles concerning the thresholds of photo-nuclear reactions and
is a member of the American Physical Society, Sigma Xi,
and Phi Kappa Phi.
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Instrumentation
(Continued from page 6)

of single ended, push-pull, or differ-
ential input.

Various types of input circuits may
be used with the amplifiers and the
recording system considered here. How-
ever, the present equipment was con-
structed specifically to use strain gauge
and piezoelectric transducers. Strain
gauges are normally employed in
Wheatstone bridge circuits which are
often referred to as full, half, or quar-
ter bridges to designate the number of
strain gauges employed, the remainder
of the circuit being composed of fixed
precision resistors.

Since the effect of strain on the
gauges is to increase or reduce their
resistance the same effect may be ob-
tained by inserting resistance in series
or in shunt with one of the gauges.
The shunt method was adopted in this
instrumentation as a means of calibra-
tion. The calibration steps are recorded
immediately before the test record is
taken and form a reference for analyz-
ing the record that eliminates calcu-
lation of:

1. Amplifier gain.

2. Oscilloscope sensitivity.

3. Bridge current.

A piezo gauge input is normally
single ended and requires extremely
high input impedance, the input im-
pedance of the amplifiers being 100
megohms and the remainder of the
input cables, condensers, switches, ete.,
exhibiting an input shunt resistance
in excess of 1000 megohms. A charge
calibration is imposed on the circuit
immediately before firing. This makes
possible computation of blast pressures
without necessity of determining cable
shunt capacitances, signal attenuation,
amplifier gain, etc.

Immediately after this calibration is
applied the blast is fired and Fig. 10
shows a sample four channel record

| taken during recent tests. The outside

timing markers are provided by the
pulsed glow tubes. The pressure peaks

| occur at different times due to the

varied positions of the input transduec-
ers, which were in this case Tourma-
line crystal gauges.

The basic operation of the units has
been traced from recording system to
input networks, but the preliminary
discussion of the physical layout was
rather sketchy. Let us take another
look at Fig. 1. Each of six bays of
instrument units consists of the follow-
ing, from top to bottom:

Calibration Unit.
Terminal Unit.
Oscilloscope Unit.
Amplifier Unit.
Amplifier Power Supply.
Bridge Power Supply.

SR A
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Bays 2 and 6 contain oscilloscope
power supplies. The central bay con-
tains all the control equipment, or units
whose function is common to all opera-
tions. A truck, used for transporting
and reeling necessary cables, is shown
in the background.

Fach of these bays may be used
separately as a four channel unit, with
the addition of control units if desired.

Conelusion

The equipment described above ful-
fills in design and practice the neces-
sary requisites for a versatile, smoothly
operating, multichannel cathode-ray os-
cillographic unit. The complete versa-
tility of the basic unit has not been
discussed at length, but suffice it to
say that with minor redesign a great
number of uses can be accommodated.

The twenty-four channel mobile os-
cillographic measuring unit was de-
signed and constructed for the Ballistic
Research Laboratories of Aberdeen
Proving Ground. The authors wish to
acknowledge the aid and assistance
rendered by Dr. C. W. Lampson and
Messrs. C. L. Adams and W. E. Curtis
of that organization.

B

Foreed Air Cooling
(Continued from page 13)

volume would increase to 140 c.f.m.
Most blower manufacturers include
curves of this nature in their catalogues
or bulletins. Where they are not in-
cluded, they are almost always obtain-
able from their engineering or sales
departments.

Since most radio laboratories do not
have facilities for readily measuring
the actual performance curves of the
blower, it is wise to choose a blower
manufactured and measured under
NAFM or made by a reputable manu-
facturer who will guarantee the per-
formance curve. A rough check may be
made by checking the pressure at the
point where the blower ceases to de-
liver air. For the blower of Fig. 4 this
will be approximately .95 inches water
column. The output of the blower should
be exhausted into a cardboard box
sealed sufficiently tight to prevent air
leakage at the ceracks or at the blower
outlet connection. The pressure devel-
oped inside the box should then be
measured by means of a manometer. If
there is excessive leakage past the air
rotor or the motor speed is too low re-
sulting in low tip velocity, then it will
be impossible to build up pressure to
this point.

Noise is another factor which must
often be considered. This is especially
true in locations such as studios where
the noise level must be relatively low at
all times. In general, it will be found
that high pressure cooling systems will
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Fig. 6. Air path of system using in-
ternal anode tubes shown in Fig. 2.

result in higher noise levels. This is
due to the high tip velocity necessary in
generating the required air pressure.
Low pressure systems, such as Fig. 1,
have relatively low tip velocity and con-
sequent low noise. This particular ex-
ample has a pressure drop of only .125

inches water column at the rated vol-
ume flow of 400 c.f.m. In low pressure
systems the air rotor turns at relatively
low speeds, seldom more than 1800
r.p.m. and delivers a volume which is
dependent on the physical size of the
blower. High pressure blowers operate
at high tip velocity or high peripheral
speed and have less space between the
air rotor and the housing resulting in
the higher noise level.

Upon completion of the initial model,
it is mandatory that the cooling system
be checked as to its actual performance.
This is not as difficult as it might seem
and can be accomplished readily with
quantitative results.

Obviously the first step is to measure
the static pressure at the point specified
by the tube manufacturer. A simple
“U” tube manometer is sufficient for
this measurement. A suitable unit may
be purchased or may be made on the
spot. A manometer sufficiently good for
the static pressure measurements may
be made by bending a short length of
uniform cross-sectional area glass tub-
ing into a “U” shape. Fig. 3 illustrates
such a unit. Inside diameter should be
on the order of one-fourth inch to min-
imize errors due to surface tension.
Glass tubing of the required type is
readily available from chemical supply
houses or neon sign companies.

The measurement is essentially a wa-

€

ND OR RECTANGULAR

e
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PAPER TUBES

| % Sen FOR ARBOR LIST |
! OF OVER 1000 SIZES |
B 1

Paramount :.s:

Inside Perimeters from .592" to 19”

With specialized experience and automatic
equipment, PARAMOUNT produces a
wide range of spiral wound paper tubes
to meet every need . . . from 14" to 30" long,
from .592" to 19" inside perimeter, includ-
ing many odd sizes of square and rectan-
gular tubes. Used by leading manufacturers.
Hi-Dielectric, Hi-Strength. Kraft, Fish
Paper, Red Rope, or any combination,
wound on automatic machines. Tolerances
plus or minus .002". Made to your specifi-
cations or engineered for YOU.

Write on Company Letterhead for
Arbor List

TUBE CORP.

613 LAFAYETTE ST., FORT WAYNE 2, IND.
Manufacturers of Paper Tubing for the Electrical Industry
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Fig. 7. Pressure type air interlock sw.

ter displacement process. One end of
the tubing is left open, the other end is
fastened by means of an air tight hose
connection to the pressure point to be
measured. The air pressure difference
between the outside air and the pressur-
ized chamber displaces the water. The
difference between the water level of
both legs of the tube represents the
static pressure in inches water column
and is measured directly in inches. In
making the measurements it should be
borne in mind that the tubing must be
held in a vertical position for accurate
results, and that the pressure is meas-
ured between the levels in the legs. For
example, a static pressure of 1 inch
would push the level of one leg up a
half inch and that of the other leg down
a half inch.

If the static pressure measured is
equal to or greater than the tube manu-
facturer recommends, it may be safely
assumed that the tube is being suffi-
ciently cooled providing there are no
obstructions past the tube which could
introduce a pressure drop.

A further check is often desirable,
however, and most conservative engi-
neers or manufacturers do so as a mat-
ter of policy. This may be accomplished
effectively by measuring the actual seal
temperature and temperature of the an-
ode coolers. This is difficult to do even
at low frequencies due to inability to
establish good heat conductivity be-
tween the seal under measurement and
the thermometer bulb. In fact, such
measurements may be so unreliable as
to make them useless. At v.h.i. it is
next to impossible to use bulb type ther-

Fig. 8. Vane type air interlock switch.

mometers due to the electrical conduc-
tivity of the mercury column or chem-
ical used in the indicator column.
Chemicals have been developed which
can be smeared directly on the spot to
be measured and which will change
color or crystallize when a given tem-
perature is reached. One of these which
has found ready acceptance in the tube
industry is Tempilac. It may be pur-
chased in a wide variety of temperature

ranges. A small brush may be used to |

dab it on the spot to be checked. When
the temperature reaches the melting
point of the Tempilac, say 150°C, it
may be observed melting and crystal-
lizing. The crystals remain as mute evi-
dence that the temperature of that
particular spot has at some time reached
or exceeded 150°C.

Safety Or Protection Devices
Where forced air cooling is required
it is mandatory that some kind of safety
protection be provided to prevent dam-
age to the tubes or equipment should
some part of the cooling system fail.
In the past, air velocity type switches

- have been popular as an air interlock.

These are usually of the vane type. The
air blowing past and against the vane
actuates a switch which removes the
high voltage to the tubes. Upon failure
of this air stream the air pressure
against the vane will drop actuating
the switch. These types of air interlock
switches are operated by the movement
of the air stream only. Fig. 8 illus-
trates a modern example of a positive
air interlock switch of this nature.

Interlocks of this type are used in
cooling systems having relatively large
air volume with low pressure. They
can not afford protection should air
leakage occur after the point where the
switeh is placed. They do have the ad-
vantage of affording protection should
an obstruetion occur any place in the
air stream sufficient to reduce the air
flow to a predetermined value.

Pressure actuated air switches have
become popular with the increasing use
of external anode tube cooling systems.
Fig. 7 illustrates a pressure interlock
developed by Coral Designs which has
proved popular in electronic applica-
tions having air pressure from .2 inches
up. It is essentially a diaphragm in-
strument having a large cross-sectional
area diaphragm which actuates a snap-
action switch at a predetermined pres-
sure. The large cross-sectional area of
the diaphragm makes possible positive
action at low pressure. The transmitter
shown in Fig. 4 employs a switch of
this type. It may be seen mounted on
the left side of the lower pressure
chamber. The Gates BC-5B shown in
Fig. 5 also uses an interlock of this
type mounted in the center of the rear
side of the pressurized chamber. =@~
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*COMMUNICATION CIRCUIT
FUNDAMENTALS®> by Carl E.
Smith. Published by McGraw-Hill Book
Company, 330 W. 42nd St., New York,
N. Y. 401 pages. $5.00.

This book is the second of four books
designed for a complete course in ra-
dio and communication engineering pre-
pared by the author for home study.
The first book of the series was Applied
Mathematics for Radio and Communi-
cation Engineers, which contained ma-
terial prerequisite for a complete under-
standing of this text.

This is an important new text in cir-
cuit fundamentals for students, opera-
tors, technicians, and engineers. It cov-
ers the physics of circuit elements, in-
cluding vacuum tubes, and presents the
fundamentals of a.c. and d.c. circuits.
Circuit constants are discussed first and
then used in a treatment of d.c. circuits.
After a study of magnetism, inductance,
and capacitance, the principles of alter-
nating currents are treated.

Although the text was planned to
serve as a study of fundamentals in
residence or correspondence courses, it
should also prove of value for reading
or reference for those who do not have
the time to undertake a complete course.

“ELECTRON-TURE CIRCUITS®
by Samuel Seely, Prof. Electrical Engi-
neering, Syracuse University. Published
by McGraw-Hill Book Company, 330
W. 42nd St., New York 18, N. Y. 529
pages. $6.00.

This college text is the outgrowth of
several courses organized by the author
on electron-tube circuits and applica-
tions that covered many of the impox-
tant circuits in use during the second
world war. It seeks to give a clear ana-
Iytical method ip the study of electron-
tube circuits, and presents for study the
various classes of circuits which find
widespread application.

Examples indicating the procedure
for combining circuits of various types
to achieve either one or a multiplicity of
operations is an important féature of
this book. A discussion of tube circuits
for performing mathematical operations
and of those developed in connection
with radar applications is found to be
considerably more in detail than found
in most textbooks of today.

The student should have completed
his basic studies in a.c. circuit theory
and basic electronics before undertaking
a study of this material. The instructor
will find that sufficient diversity exists
to allow a choice of topics to satisfy
almost any course requirements.

@
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Wide-Band Amplifier
(Continued from page 16)

combining antenna outputs such as
transformers, cathode followers, filter
networks and stub arrangements. The
wide-band amplifier can also be modi-
fied to provide a number of inputs with
a common output. This can be accom-
plished by keeping the same arrange-
ment in the plate line but changing the
grid line. The simplest change is to
enter the grid line after each filter sec-
tion, and terminate the filter in its
characteristic impedance, such as shown
in Fig. 5. Thus each tube can be used
for a separate input. The operation is
similar to that previously described
except that each tube has a different
Input. The signal applied to input No.
1 of Fig. 5 will excite the grid of
the first tube and a current carrying
this signal will travel toward the line
and appear as a voltage at the receiver.
Similarly, a signal applied to the input
of the other tubes will also appear at
the load and in this manner the output
of the separate generators, in this case
receiving antennas, are combined into
a single transmission line. The use of
this system provides nearly infinite at-
tenuation between generators, thus elim-
inating interaction between antennas
through the coupling unit. The receiv-
ing antenna’s bandwidth can be sharp-
ened in the stop band by using m-de-
rived band pass sections in the grid line
while using the conventional low-pass
filter section in the plate. Thus any
undesired frequencies received on the
individual antennas will be further dis-
criminated against. For further flexi-
bility a method of gain control for each
input can be added to the antenna
coupler. This can be accomplished by
use of resistance pads, variation of grid
bias, or a variation of plate and screen
voltages.

Many apartment house owners will
not allow individual tenants to install
antenna systems because of the large
numbers of antennas that would have to
be accommodated. This not only pro-
vides an unsightly appearance but
breeds discontent because all of the po-
sitions on the roof do not provide good
television reception. Also, interaction
between antennas and receivers is likely
to take place, all to the detriment of the
picture quality of the reproduced signal.

But many of these same owners will
agree to the installation of a master
antenna system to which the individual
sets can be connected. The problem then
becomes one of splitting the single out-
put into a number of loads. Additional
amplification will usually be found nee-
essary even in metropolitan areas be-
cause of the considerable loss found in
long transmission line runs. The indi-
vidual receivers must also be isolated
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from one another so as to minimize
interaction between receivers. Numer-
ous multiple installations have been en-
gineered and the problem has been
solved in a number of ways. Some in-
stallers have used resistance pads (of
about 30 db.) in each outlet so that the
path between receivers would have a
total of twice that amount. Others have
used transformers, cathode followers,
filter arrangements, and the like. The
wide-band amplifier can also be used in
this application by what amounts to the
inverse solution of the antenna coupling
problem.

In providing a receiver coupler the
grid line remains as in the amplifier
but the plate line is altered to provide a
number of outputs from a single input
as shown in Fig. 9. The input signal
produces the same grid voltage at each
tube and a current appears in the plate
line. The currents now, instead of being
combined in a single output, each go
into their individual load, thus provid-
ing a number of outputs from the single
input. The outputs are isolated from
one another and from the input by an
almost infinite impedance and thus no
interaction can take place through the
coupler.

Thus the wide-band amplifier tech-
nique can be used to combine a number
of inputs into a common line, amplify
the entire spectrum, and then to split
the output into a number of loads. This
problem is exactly the one encountered
in the multiple television installations
(See Fig. 8) and is also applicable to
the testing and repairing of television
receivers with a minimum of equipment.
A number of signal generators can be

" located at a central point and the out-

puts can be combined, amplified to the
desired level, and then distributed to the
test positions. The tester has available
several channel signals at the one out-
let, without the necessity of providing
individual generators at each outlet
and without switching. Each set can
be aligned at one position without signal
generator switching or the necessity of
having different test positions for each
channel. This is a similar problem to
the multiple installation of television
receivers and Fig. 8 applies with signal
generators substituted for receiving an-
tennas, and test positions for TV outlets.
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News Briefs
(Continued from page 22)

demonstrating an experimental ma-
chine. On the far right, contained in a
cylinder, is the x-ray source. The x-
rays come from the aperture in the
cylinder, pass through the sample, and
are then magnified by two mirrors
contained in the unit on which Miss
Lucht’s fingers rest. The magnified x-
ray image is finally cast on a photo-
graphic film mounted behind the optical
system to the right.

GE scientists believe that x-ray mi-
croscopes may someday compete with
electron microscopes and make possible
examination of live specimens at much
higher magnifications than ever before.

ELECTRONIC TORCH

Dr. J. D. Cobine, scientist of the Gen-
eral Electric Research Laboratory, has
developed an electronic torch which can
melt firebrick and even tungsten which
melts at 3370 degrees centigrade. The
flame consists of nitrogen being passed
through a high-frequency arc.

The arc is formed by radio waves at
the extremely high frequency of one
thousand megacycles, generated by a
magnetron tube. Dr. Cobine, shown
melting a quartz rod in the flame, ex-
plained that the radio waves break up

nitrogen molecules which consist of two

atoms into individual atoms. When
these atoms reunite to form molecules
again, heat is released.

No uses have been found as yet for
the extremely hot torch which is still at
the laboratory stage of development.

JET PILOT TRAINER

From Wright-Patterson Air Force
Base, Dayton, Ohio, comes the an-
nouncement of the ‘mew “Linktronic”
trainer which is the latest device in
training equipment for jet pilots pro-
viding indoctrination in the use of radio
navigation systems.

The compartment of this new trainer
looks exactly like the cockpit of a mod-
ern, single-engine, jet fighter. The
gauges and indicators operate and reg-
ister just as they would in a real plane.

30

The eight instruments across the
trainer’s panel shown are synchronized
to those in the cockpit so that the in-
structor is at all times able to follow
the student’s performance. The lights
below the instruments flash to indicate
error, result of error, and operating

condition of the plane, while the flight
recorder pen, mounted on a traveling

arm, records simulated cross-country
flights up to 1000 miles.

@
Microwave Comp.
(Continued from page 20)
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In practice it has been found that
finer tuning and stabler performances
can in some cases be obtained using a
reentrant cavity such as the one shown
in Fig. 15B. In this case the center dis-
continuity acts as a capacitance and the
two side arms act as inductances. By
varying the depth of the discontinuity,

Fig. 16. Typical normalized suscept-
ance vs. screw length curve (x —
55 c¢m.. b = .872”. a = 1.872",
and screw diameter — .126").
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Fig. 17. Asymmetrical capaci-
tive quarter-wave transformer.

the cavity can be made to resonate over
a relatively wide range of frequencies.

Cylindrical cavities, such as the one
shown in Fig. 15C, are employed in
many applications. The characteristics
of these cavities, which in ma<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>