CALDWELL-CLEMENTS’

& ELECTRONIC INDUSTRIES —RADIO-TELEVISION

BAR MIRROR j DEFLECTED
* LIGHT RAY
TOTHEATRE

-
LIGHT RAY REFLEGTED
BACK TO LAMP

ILLUMINATED

IL SURFACE
DEFORMED BY ELECTRONS

U]

E. I. Spenable and 5. P, Skouras of 20th Century Fox examine new Eidophor
arc-operated theatre-TV projector. Sketch shows optical principle. See page 57
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emperature Compensating
as well as By-Pass

DISCAPS

are Rated at
1000 Working Volts!

9375

12" MIN.

TC r 1/4 Dia. 5/16 Dia. 1/2 Dia. 5/8 Dia. 3/4 Dia. ; 7/8 Dia.
P-100 — 2= 9 MMF 10- 30 MMF — o -
NPO 2= 12 MMF 13- 27 28 60 §1- 75 MMF 76-110MMF | 111-150 MMF
N- 33 215 16- 27 28 60 61- 75 76-110 111-150
N80 215 16 27 28- 60 61- 75 76-110 111150
N- 150 ‘ 2. 15 16- 30 31- 60 |6l T5 76-110 111-150
N-220 2 15 16- 30 31- 75 L 76100 101-140 141-190
N-330 | 215 16- 30 | 375 76-100 101-140 141190
N- 470 -2 21 40 al- 80 80-120 [ 121170 } 171-240
N- 750 5 75 26 50 51-150 151-200 | 20129 L 291-350
N-1400 \ 15- 50 51-100 101-200 200-250 | 251-470 ' 480-560
N-2200 47-75 | 76-100 101-200 ‘ 201- 275 | 276470 471-560

If the samples you need are not here —send for them.
—————— SPECIFICATIONS -
POWER FACTOR: LESS THAN .l% AT 1 MEGACYCLE LEAKAGE RESISTANCE: INITIAL 7500 MEG OHMS |

WORKING VOLTAGE: 1000 VDC TEST VOLTAGE: 2000 VDC AFTER HUMIDITY 1000 MEG OHMS

LEADS: 722 TINNED COPPER (026 DIA)

LEAD LENGTH: 4" BODY 17, %" BODY 114", 2" AND LARGER
CODING: CAPACITY, TOLERANCE AND TC STAMPED ON DISC BODY 114"

P-100 14K N-750 88K N-2200 265K
| DIELECTRIC CONSTANT: [a20 ek Riief Setx

i INSULATION: DUREZ PHENOLIC—VACUUM WAXED TOLERANCES: = 5%, +10%, +20%

RMC DISCAPS are Designed to Replace Tubular Ceramic and
Mica Condensers at LOWER COST

SEND FOR SAMPLES AND TECHNICAL DATA

[ ; .:H

RADIO MATERIALS CORPORATION

DISCAP
CERAMIC ;
CONDENSERS | GENERAL OFFICE: 3325 N. California Ave., Chicago 18, Il

]

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. i

Two RMC Plants Devoted Exclusively to Ceramic Condensers

www americanradiohistorv com
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NELEQTECH

RADIO-TELEVISION-ELECTRONIC INDUSTRIES

AUGUST, 1952

FRONT COVER: EIDOPHOR PROJECTOR FOR THEATRE COLOR TV is examined by

Earl I. Sponable (1), Research Director of Twentieth Century-Fox, and President

e ; Spyros P. Skouras. Invented in Switzerland and developed by the film company,
Edited for fthe 18,008 jop influenticl Eidophor produces large-screen color pictures of high brightness, excellent definition
engineers in the Teleccommutications and and good color fidelity, almost comparable with that of motion pictures. The device
Elaciionic: Inaiivict. TEIEYEDE: eath utilizes the CBS field-sequential color system. Eidophor’s novel basic operating
¢ ' principle is illustrated in the diagram. Light from an arc source strikes a bar mirror,
half of it passing through the parallel slits and being lost. The other half is reflected
onto the oil surface of a spherical mirror. Light rays striking relatively undisturbed

P—

month brings cleorly written, compacl,
and authoritative articles  and summaorias

of the lolest technofogical develcpments oil are reflected back to the har mirror and lamp; rays impinging on an oil area
ta the busy executive Aside from its an- deformed by a TV camera-controlled electron gun are deflected to pass through
gineering drticles dealing with manufoac the slits to the theatre screen. See page 57.

fure and -Dperan'an of new communicoe MAGNETIC POWDER CORES FOR MILITARY COMMUNICATION EQU]PMENT

fioms Eq’UEPTHEM. TELESTECH s wrll:I'E('y' ............................................... Eberh.ard Both 36

Variations in characteristics of similar core materials made

cecagnized fer comprehensive analyses hy different manufacturers indicate need for standardization

and ~statistical survey: of frends in the

e ; ; UNINTERRUPTED POWER FOR MICROWAVES . ............... Leo G. Sands 39
industry. lis imely reparis and inferpreta- Supply system for microwave relays uses ac motor, alternator
tions of governmantal activity with regard and dc¢ motor in tandem; batieries are standy source
to regulation, purchesing, research, and FUSE PROTECTION FOR ELECTRONIC EQUIPMENT ............ E. V. Sundt 49
developmant cre-tought by the lsadsrs in Characteristics of fast, medium and slow blow fuse types ex-
e st s plained. Categories used In military gear are explained .
the many enginsegng deliaclisl Beow: DESIGN AND PERFORMANCE OF A COMPACT UHF TV TUNER . ... H. F. Rieth 42
Continuous tuning from 470 to 890 MC provided by shorted ‘
- transmission line. I-F amplifier feeds into VHF receiver

CHECKING ANALOG COMPUTER SOLUTIONS W. F. Richmond and B. D. Loveman 44
Dynamic Substitution Method is applicahle to simulation prob-

Manvufacturing lems using actual equipment in connection with a computer
MOBILERADIOLOOKSTOUHF ... ..ottt i i e cannens Robert E. Tall 47
TELEVISION » FM. * ERECTRONIC FCC-authorized transmitters now top the one-third million
LONG & SHORT WAVE RADIO mark. Future expansion in the 450-470 MC band is expected
AUDIO AMPLIFYING EQUIPMENT BORONCARBON RESISTOR CHARACTERAISTICS . ............. George Kende 48
SOUND RECORDERS & Indusirial preparedness study for the SCEL leads to the
REPRODUCERS development of L5-watt units suitable for mass production
CUES FOR BROADCASTIERS ... e it e i e e e, 50
AUDIO ACCESSORIES WIDEBAND SWEEP GENERATOR FOR VHF AND UHF TELEVISION
MOBILE * MARINE * COMMERCIAL e e e e Herbert 4. Finke and Frank Blecher 52
GOVERNMENT II:;éturing nogl;:l tagk circuit, instr}lmeng covefﬂs faS to 900
range. Shorted transmission line is used for tuning
e GRAPHIC CALCULATOR FOR YACUUM TUBES .............. William Moulic 55
CARRIER * RADAR = PULSE Device speeds computations of tube power, voltage and cur-
MICROWAVE * CONTROL SYSTEMS rent relationships. Handy rule varies resistance load line
‘ EIDOPHOR PROJECTOR FOR THEATRE TV . .. .. .. ittt i 57
] —_— Unique light valve principle is used which produces large-
; screen pictures approaching the quality of motion pictures
|- Research, design and production af EFFECT OF MICROPHONE DIRECTIVITY AND MINIATURIZATION B. B, Bauer 58
i special fypes Omnidirectional, semidirectional cziu?id directional microphone
o : applications outlined; distance and directivity factors analyzed
TUBES, AMFLIFIERS, OSCILLATORS, MEASUREMENT OF AMPLITUDE LINEARITY IN TV RECEIVERS W. K. Squires 60
RECTIFIERS, TIMERS, COUNTERS Overall system performance may be accurately determined
ETC. FOR by proper measurement of amplitude transfer characteristic
LABORATORY * INDUSTRIAL USE HIGH- SENSITIVITY GAS TUBE DETECTOR FOR MICROWAVES

..................... Howard 4. Burroughs and Arthur B. Bronwell 062
ATOMIC CONTROL Rugged, gaseous discharge tube equals performance of crystal
mixers. Atrenuator and modulator applications are seen -
RS CON—L95 2 . e e e e e e e 68
West Coast manufacturers and engineers will convene August
27 to 29 at Long Beach, Calif. for annual show and meeting

Operation

Instalfotion, operation and  main-

£ SR DEPARTMENTS:
HRIaER: 2 1elecunmrunlrcrr.‘mm Tele-Tips ........coov.n 10 Coming Events . ........, 72
equipment in the fields of Editovial . .............. 33 Personal .............. 115
Radarscope ............ 34, Letters .........0.0..... 116
BROADCASTING * RECORDING New Equipment ......... 64 Military Contract Awards.. 120
AUDIO & SOUND * MUNICIFAL Washington News Letter .. 70 ‘ News of Manufacturers’ Reps 125
News . .....ooviiiinnn, 72 Bulletins . .............. 126

MOBILE * AVIATION
COMMERCIAL * GOVERNMENT

CALDWELL-CLEMENTS, inc., Publication Office, Bristol, Conn., Editorial /Busi-

ness Offices, 480 Lexington Ave., New York 17, N. Y., Tel. Plaza 9-7880
Publishers also of TELEVISION RETAILING
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AMPHENOL
ENGINEERING

daued YOU Zime!

Amphenol's years of experience in solving appli-
cation problems have resulted in the design and
production of cable assemblies to meet almost all
of the existing problems "and the engineering
ability to solve the new ones as they arise. This
experience eliminates unnecessary experimenta-
tion and “second-guessing,” gives you the solution
to your problem {aster and more economically.

In addition, ordering complete cable assem-
blies from Amphenol saves you hours of produc-
tion time, assembly space and releases valuable
personnel for other production work.

For infermation on the complefe line
of Amphenol manufacture, write for
your copy of Generol Catalog B-2.

AMERICAN PHENOLIC CORPORATION
1830 SOUTH 54TH AVENUE + CHICAGO 50, ILLINOIS

ELERTEGH]

RADIO-TELEVISION-ELECTRONIC INDUSTRIES

O. H. CALDWELL M. CLEMENTS

Editorial Director Publisher

BERNARD F. OSBAHR DR. A. F. MURRAY
Executive Edifor Consulting Editor

HARRY D. WULFORST ALBERT FORMAN
Production Editor Assistant Editor

CHARLES DREYER, Art Direcior

R. C. DAVIES, News Editor
National Press Bldg., Washington, D. C.

LT. COL. STANLEY GERSTIN,
Consulting Editor

|Vice Pres. & Gen. Mgr., Caldwell-Clements
Manuals Corp.)

BUSINESS DEPARTMENT
M. H. NEWTON, Business Manager
HOWARD A. REED, General Sales Manager
JOSEPH DRUCKER, Disirict Manager
G. A. DILLEN, Soles Promation Manager
N. McALLISTER, Asst. Business Manager
480 Lexingtan Ave., New Yark 17, N. Y.
Telephane Ploza 9-7880

S. M. GASKINS, Western Manager
JOHN D. LUPTON, District Manager
201 N. Wells St., Chicaga 6, Il
Telephane RAndalph 6-9225

CHRIS DUNKLE & ASSOCIATES
Californio Representative
2506 W. 8th Street, Las Angeles 5, Calif.
Telephone DUnkirk 7-6149

B. V. SPINETTA, Directary Manager
WARREN S. BROWN, Circulation Manoger
M. GROENING, Subscriptians, Compilations

JORN J. BORGH!, Controller
JOAN ROTH, Direcfor Reader Service

M. IMMEL, Produclion Supervisor

TELE-TECH*, August, 1952, Vol. 11, No.
8. 75 cents a copy. Published monthly by
Caldwell-Clements, Inc. Publication Office,
Emmett St., Bristol, Conn. Editorial, Adver-
tising and Executive Offices, 480 Llexing-
ton Ave., New York 17, N. Y. Acceptance
under Section 34.64 Postal Laws & Regu-
lations avtherized at Bristol, Conn,, Febru-
ary 8, 1952 with additional entry at New
York, N. Y. M. Clements, President;
Orestes H, Caldwell, Treasurer. Annual
Subscription Rates: United States and Pos-
sessions: $7.00; Canada: $8.00; All Other
Countries: $10.00, Please give title, posi-
tion and company connection when sub-
scribing. Copyright by Caldwell-Clements,
Ine., 1952, Printed in U.S.A.

*Reg. U. S. Pat, Off.
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CENTRALABS ELECTRONIC FAMILY

Many members have made electronic hfsfory.'

Today, many of the most advanced
developments in electronic equip-
ment -— from modern hearing aids
to television,

radar and X-ray
-- are built around the revolu-
tionary components pioneered and
introduced by Centralab.
Tangible evidence of the cease-
less research that gives fresh

1929 First combination.
voriable resistir and swifth.

WWW._ameri

1946 Model. |- Wi mdﬂmt the most mod
q‘!dbbk vamba-;smwﬁr qpeallty

emphasis to the fact that many
products bearing vour trademark
serve better =- last longer ...
thanks to the continuing engineer-
ing advances of Centralab.

As in the past == s¢ in the fu-
ture == you can look tc Centralab
for leadership in electronic com-
ponent research.

[949:%&22'2. Baﬁwhu
hs

(Loiiwb addiion

p— I} ﬁ W &
‘Egg%fﬁg#&éﬂzWBb#a
bigger thas a dime |

1951 New MM&
rotury switehe (1 Yerdia.)

tqtl-'f ‘Ihﬁmﬁsﬁds wm
lrodused 15 the u«df@,
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HAS BEEN GROWING FOR 30 YEARS

. ynode -
Capacitons (o bobied o ok peosdtion)

1930 it it Gromic

‘ it Puclpety

. l ustry’s first | Industiy's first 4 R
Funumer Capoaithrs |‘9 N W
ol e i oy mmn e ‘iﬂ‘mﬂ Gl i

Frirded Emﬁw@m

(942 ﬁmbuﬁ'wd%m'ﬁwdusﬂy Actually, Cosctinlob

hod beew woking ﬂrﬂ:smuse-sm

hutml(m.d wieloped 0. grede -5 Cunmsvar

B o the thew exis Mﬁwyg mde. *G" specificstion
Corclinlab was the fust B wmataldize coromics. By 1945 Cordierite
ond Zirtonite bodles with. grade” L4 rating were developed.

'S

s, Contgy
SSiets

)
grows MMMM
for ol their pidtivres )

]
A Division of Glohe-Union Inc.
900 EAST KEEFE AVENUE s MILWAUKEE
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We put the ocean in a box...

In addition to the many complex
problems solved by Ford for the
Military Services there have been less
complicated ones such as “bench-
_testing” a top-classified mechanism
by using input signals to simulate the
motion of a ship on the open sea.

Ford produced these signals within

If you are a qualified
engineer —either experi-

the limited confines of a box.

Whatever the problem in intricate
computing devices, no matter how
simple or complex, Ford has the en-
gineering “know-how” for its suc-
cessful solution. For 37 years, Ford

has pioneered in the field of nationally

important automatic equipments with

a record of orutstanding success.

That 1s why Ford Instrument
Company is usually considered first
to research, develop, design and pro-
duce mechanical, hydraulic, electro-
mechanical, and electronic instru-
ments and components for specialized

military and industrial applications.

enced on outomaticequip-
ment design or a recent
graduate—and are inter-
ested in your Tomorrows,
consider Ford today.
Write for informatian,

FORD INSTRUMENT
COMPANY

DIVISION OF THE SPERRY CORPORATION
31-10 Thomson Ave., Long Istand City 1, N. Y.

www americanradiohistorv com
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=" (L0VELTE and COSMALITE'

A GllsznE FOR EVEh NEED! LAMINATED PHENOLIC TUBING

are more than ever before—the first choice in the
electronic and electrical industries.

Diameters — wall thicknesses and lengths to meet regular

or special adaptations, They combine proven performance with low cost and
excellent service!

IN RADIO AND TELEVISION their use is almost universal.

They have high insulation resistance and low moisture

absorpfion. Their low dielectric loss is suitable for ultra

high frequency applications.

Wherever high dielectric strength, low moisture
absorption, physical strength, low loss and good
machineability are of prime importance . . . the
combined electrical and physical properties of

IN ELECTRIC MOTORS for armature shaft spacers, insulators, CLEVELITE and COSMALITE
brush holders, and many similar force-fit applications re- Cal
quiring machining, Clevelite is particularly suitable, are essential.

—-*—

IN RELAYS, CONTROLS, SELENIUM RECTIFIERS, the various
grades of (levelite Phenolic Tubing have special properties IMMEDIATELY AVAILABLE!
that guarantee complete satisfaction, Tell us your needs.

*Reg. U. 8. Pat. Off.

% CLEVELAND CONTAINER 4

6201 BARBERTON AVE. CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES at Plymauth, Wise,, Chicogo, Detroit, Ogdensburg, N.Y., Jomesburg, N.J.
ABRASIVE DIVISION ot Clevelond, Ohio
CANADIAN PLANT: The Cleveland Conteiner, Conoda, Lid,, Prescott, Ontario

REPRESENTATIVES

NEW YORK AREA R, T.MURRAY, 604 CENTRAL AVE, EAST ORANGE, N. J.
NEW ENGLAND R, S. PETTIGREW & CO., 82 LA SALLE RD.,, WEST HARTFORD, CONN,
CHICAGO AREA  PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICAGO (:

TELE-TECH * August 1952 7
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In all our experience, no resistor has
been so extensively tested —and so
unanimously approved—as IRC’s new Type
BOC Boron-Carbon Y4-watt PRECISTOR.
Of the 3,000,000 already manufactured,
more than 100,000 were given the most
stringent tests-in-production,

including critical temperature cycling and
500-hour load-life tests. Result:—

Type BOC conforms to alf requirements

of MIL-R-105809A! Also, customers have
conducted their own laboratory and
field tests—and they express their
approval of Type BOC in letters
like those shown here.

In the case of IRC’s new JAN Type
Precision Wire Wounds and Advanced Type
BT Resistors, too, rigid quality control
and continued testing have won
industry-wide approval. Most stable

-~ and reliable of all precision wire wounds,
] Type WW’s far surpass JAN-R-93
/ Characteristic B Specifications.
And Type BT’s continue to meet
and beat JAN-R-11 Specifications.
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S

- Eeﬁuﬁ-’_m!‘«l, Type Precision Wite Wound Resiéfofs_

Excel JAN-R-93 Characteristic B Specifications

%% Chge Resistance Chge

i Qriginal Cycle Cycle Cycle Cycle at End % Temp Cycle| Hrs Load oaly
e s Resist o (74 74 % of 100 Chge 1o End of

Ist  2nd  3rd  4th  Resist  Tolal trom Last at End of 100 |

Chge Chge Chge Chge hrs load 100 his. load| no cyoclmg»
o

100,010 + 04 +.04 +05 +.05 100.050 + 04 — 0t 100.040 —.02
100.000 + 03 +.04 + 03 + 05 J00,060 + 06 + 01 100.000 [
100,000 + .01 +02 +.02 4.05 100,000 © +.05 100.0%0 - .02
-100,000_4 02 0 4+.02 +.02 100000 -0 —.02 100,040 — 0L
100.010 + 03 + 04 + 04 405 100000 @ — 405 100.030 —03 |
100000 0+ 03 + 04 {04 100,100 + 1 + 06 99,980 0
100.000 .04 4+ 05 + 04 + 04 100.07C 4 07 +.03 100.000 0
100.000 + 03 + 05 4 05 + 05 100,050 + 05 0 100,000 0
100000 + 04 + 03 + 05 4 04 100010 + 0) — 03 100,050 0
100,000 + 02 4 02 + 02 4 04 100,010 + 01 —.03 100.000 0

100,000 0 401 4+ 01 + 031 100.000 4 —.03

new Type WW's have proved their superiority in unbiosed
tests. Severe cycling and 100-hour load tests rasulted In vir-
wullr zero c'!muges in resistance. Other. stringent tests proved
JAN Type WW's high mechanical strength, freedom from
shbrjmg, resistance to high humidity. New windiag forms—new

Mo i} re-hnble and sd'ab.le of all wrs-wcund preclswus, Hmse -

Mﬂl‘ld.]lig Aechnique—new type inwlofion—aond new termina-
ions assure [;mg hfe, accuracy, n.bggedness in samce. IRC JAN
S Type WW's are becoming the choice of leuding praducers

: Ty EC[LI'EP. ent, Get full iachnlccl dam in Cﬂfﬂldg .
D.3. :

'3?9'& BOC Boron-Carbon 5"'2’“'&!1 Resisior
Surpasses Slgnui furps SPE(IF:ntlnt!Mil R- !l}..'-i}‘m‘" '

c

48

'E O P O

5 450 A 00

E' 400 b or Type BO

= 350 Hp s

§-a00 ? |

g | i

= 250 ; ”

o

: Lé 2.00 ire Type N [Nickel-Chrome:lron]

2!: 150 f— ire Tyae J (Nicksl-Chrome))

5 100 g [

A g (AT

- Wire Type E [High Resistivily icke!-Chromei|
Y i it o o 4 W o 1 B
SR 108 1000 10,000, 100,000 1,000,000

The ultimate in stable, reliable non-wire-wound resistors,
Type BOC's are especially designed for military elactranic
equipment—radar, gunnery control, communtcuﬁons tele-
metering, computing and service instruments. Greatly im-
proved temperature coefficients of resistance permif their
use in place of costlier wire wound pregisions in muny
eritical applications. Lower mpdcutwe nnd inductive re-
actance suit them to circuits where wire- woumi ﬂnhtldy is
- needed. Small size mukas them ideal in limited space.
- Tolerance: —1%, 2% and 5%, Resistance Vaolues:—10
chms to Y2 megohm. Send for full technical data in Catalog
Bulleﬁn B-4, :

Type BT Ad I:cuu:eti Fixed Campnsllwn Resssfef: F’ieﬂ
and: Beot JAN-R-IN Speufmrwns

Type BTS Meets and ‘Bears“ hgid G C!mruétens!u

These are the famous Advanced Type BT's Whose chaﬂ:nerlshcs set
new performance records for fixed mmposnilm rasistors. They com-
bine o unique flum@nt fype resistance elemant wiih ‘exclusive con-
struction features to assure extremg[y low opermmg temperuiure
‘and excellent power dissipation. Yet they are compact, light in
weight, fully insuloted. Intensive tests Iyyindepéndqq agencies have
proved their superiority under actual field fmdiﬁons For full tech-
nical data, send for Cntui(ag Bulletin B -1,

Mail Coupon Today for Full Details of These IRC Resisfors
INTERNATIONAL RESISTANCE COMPANY
407 N. Broad St., Philadelphia 8, Pa.

full daie on the following chacked Hems:

NAME

TITLE

COMPANY

ADDRESS

iIstorA<Ccom . PO
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YOKES

FLYBACKS

SHIELD CANS
ANTENNA COILS
OSCILLATOR COILS

HORIZONTAL SWEEP TRANSFORMERS
COMPRESSION TYPE MICA TRIMMERS
I.F. TRANSFORMERS

LOOP ANTENNAS

R.F. TUNERS

edwin i. guthman & co., inc.
15 5. throop st. chicage 7. . CH 3-1600
also attica, indiana .. 394)

. ‘
=

BURTON BROWNRE ADYERTISING

TELE-TIPS

'l_hl':‘!\ﬁ.'t‘ﬁ,miﬂlh.‘|.l\*i"|L1i‘_H_ﬁ"l'.'!

SIXTH STATION—Television
station WATV, Newark, N. J.,, will
move its transmitter and antenna to
the top of the Empire State Building,
New York City. Its studios will re-
main in Newark. WATV will be the
sixth television station to make use
of the Empire State Building’s 222-
foot steel tower, which was com-
pleted and put into operation last
year. The only New York station
not using the site will be WOR-TV,
which has its own antenna tower in
North Bergen, N. J. With the addi-
tion of the new tenant, the Empire
State Building will realize approxi-
mately $600,000 annually from tele-
vision rentals. Each station pays
$70,000 a year for antenna space on
the tower plus $7 a square foot for
transmitter space,

PSYCHOLOGICAL SUCCESS?
—In an effort to collect television li-
cense fees for an estimated 250,000
unlicensed receivers, the British
Post Office has developed a detector
van which is reputed to be able
to detect an “illegal” TV receiver
by reception of the second harmonic
of horizontal scanning frequency at
distances up to 100 yards. Three
frame antennas placed in an easily
seen position on top of a truck are
tuned to 20.25 xc (British standards)
By triangulation from these anten-
nas, it is said that a receiver can be
located as closely as the room or
floor in a house. We wonder whether
the psychological effect of the ‘“de-
tector van,” plus a few lucky guess-
es, does not play a large part in the
success of this operation!

NOISES IN THE NIGHT were
recently experienced by an engineer
who thought he heard his garage
door opening. He got there in time
to see it closing! Since it operated by
radio control from his car he was
curious in case he had a burglar, so
he went to fetch his shotgun. On his
return he found the doors open! He
hid and observed what went on. In
two hours time he found that every
time one of the electric locomotives
which operated on the line nearby,
passed his house, interference from
it operated the doors. Changing his
system. to FM instead of AM cured
the trouble.

(Continued on page 15)
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ENGINEERS & TECHNICIANS

investigate

HASTINGS INSTRUMENT CD.

HAMPTON, VIRGINIA

peﬁ [7;1 et 0/[ drzuddcfutéw

of
Y¢ Raydist — Most precise of
all radio positioning and
tracking systems for land,

marine and aviation work —
accurate to 1 foot in a mile,

Y¢ PRECISION—Velocity, pressure,
flow and vacuum measuring
and recording equipment.

ol

o Hastings offers interesting
opportunities for engineer-
ing and technical personnel
in a long term development
and production program —
Excellent salary — Pleasant
working and living condi-
tions — Ideal climate —
Investigate this aggressive,
medium sized, pioneering,
company - today — Work
with a select group of excep-
tionally qualified young men.
Your inquiry will receive
prompt reply.

WORK FOR A GROWING COMPANY [N THE
HEART OF VIRGINIA'S FAMOUS RESORT AREA

HASTINGS NSTRUMENT COmPAnY, E

HAMPTON 27, VIRGINIA

_J

"
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Important News For

ECTRONIC

EQUIPMENT

MANUFACTURERS

General Electric offers you Expanded

Application Engineering Service

Hizre's a way to improve the design
of your radio-phonograph products
and bear rising costs—without increas-
ing your overhead,

The extensive research and engineer-
ing facilities of Electronics Park are
yours to call upon for consultation or
help in the following fields:

CARTRIDGES AND STYLI— G-E single
and dual units, diamond or sapphire*-
tipped for every recording or broad-
cast application, can be suited to your
product requirements. The startlingly
different G-E “Golden Treasure” car-
tridge, now in quantity production,
features a dual wide-range diamond
and sapphire stylus that reproduces dan
exceptional tone range of 30 to 15,000

cycles. Stylus pressure for a/l types of
records is low—only 6 to 8 grams.

LOUDSPEAKERS—Choose from 19 G-E
types sized from 4 to 12 inches. These
include 6 sizes of round speakers, plus
a special 6 x 9 oval for auto radio use,

Remember too, that the G-E 1201 and

1203 are the only high fidelity speakers
commercially available in production
quantities at moderate prices. Of course,
all G-E speakers have Alnico 5 mag-
nets and the aluminum voice coil.

Our application engineers are pre-
pared to discuss with your designers
ways in which G. E. can be of service to
you. Just phone or wire us. Meanwhile,
check the coupon below for latest
catalogs listing audio components.

*Some sapphires are synihetic

GENERAL @B ELECTRIC

Generol Eleciric Company, Section 4882
Electronics Park, Syracuse, New York

Please send me the General Electric catologs or bulletins checked.

Phonc Accessory Loudspeaker New Wide-Range
a Catalog a Catalog U Stylus Bulletin

TELE-TECH * August 1952
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JX STABILIZED
H-17 CRYSTAL

FREQUENCY AND
CRYSTALS FOR THE CRITICAL N OR MBGULAYION

The small, compact H-17 is designated : ;
as a military type crystal for its use in Monitors any four frequencies
mobile units common to the military. anywhere between 25 mec and
Frequency range: 200 ke to 100 me. 175 me, checking both fre-
Hermetically sealed holders; wire. quency deviation and amount
mounted, silver-plated crystals. of modulation. Keeps the

“beam'' on allocation; guaran-

tees mare solid coverage, tool

7 Fesgponse lotfish ?’W/If/mmm/

Dawn or dusk, it doesn’t matter. These heroes of the
high wires arrive to stop power trouble before it starts.
Their “*nose for disaster’ is in the service truck, in the
mobile radio unit which often relies on JK crystals and
monitors to keep their assigned radio frequency on
the beam|

N M

A A
THE JAMES KNIGHTS COMPANY

SANDWICH 2, ILLINOIS

; '-,,%%-.a
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of SIZE and WEIGHT
PROBLEMS

"' ASTRON

SUBMINIATURE

. Ii_.‘ “_1.’

Astron METALITE* metallized paper capacitors, distinguished
by their extremely small size and light weight, are currently
serving commercial and military users who must meet strict
government specifications, Their unique self-healing property,
long life and precision manufacture have made them the accepted
standard for quality metallized paper capacitors throughout the Depend On— nsist On
world. If you have a capacitor problem of any kind, our engi- o —

neers will be glad to consult with you. :

For complete information on Astron METALITE and
other standard capacitors, write for Catalog AC-3,

255 Grant Avenve, E. Newark, N. J.

#Trademark

TELE-TECH * August 1952 13
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d

Alarm-receiving bay in fown. Lights on a chart report
on 42 separate conditions affecting service. Telephone
is to communicate with maintenance crews. Eleven

alarm centers across the country cover all 107 radio-
relay stations. Stations too far off the beaten trail for
wire connections signal by very high frequency radio.

14

Many of the Bell System’s 107 radio
stations connecting New York and
San Francisco by microwave radio-
relay stand on hills and mountains
far from towns. Day after day, the
apparatus does its duty; no man
need be there to watch it. But when
trouble threatens, an alarm system
developed by Bell Telephone Lab-
oratories alerts a testman in a town
perhaps a hundred miles away.

A bell rings. The testman sends
a signal which asks what is wrong.
A pattern of lights gives the answer
—a power interruption, an over-
heated tube, a blown fuse, a drop
in pressure of the dry air which

‘ Radio-relay station at Evanston, Wyoming

atcher for lonesome places

keeps moisture out of the wave-
guide. At intervals the testman puts
the system through its paces to be
sure it is on guard.

Sometimes thé testman can cor-
rect a trouble condition through
remote control, or the station may
cure itself —for example, by switch-
ing in an emergency power supply.
Sometimes the trouble can await the
next visit of a maintenance man—
sometimes he is dispatched at once.

This is one of the newest examples
of thc way Bell Laboratories adds
value to your telephone system by
reducing maintenance costs and in-
creasing reliability.

BELL TELEPHONE LABORATORIES

IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES
CAREERS FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS.

www americanradiohistorv com
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TELE-TIPS

(Continued from page 10)
TRANSPARENT PHOSPHOR

screens, having greater contrast and
sharpness than conventional pow-
dered phosphor screens used in TV
picture tubes, are being developed
by General Electric Co. These
screens, which eliminate the overall
haze caused by light scattering in
powdered types, are laid on the glass
backing plate by a chemical process
involving the reactions of vapors at
the surface. Limited brightness is
still an obstacle to be overcome.

GROUP ANTENNAS-—The sub-
ject of video distribution has come
up again—this time in the Nether-
lands. The new Netherlands tele-
vision station at Lopik will have an
ERP of 100 KW operating in the
VHF band, In order to provide ade-
guate signal strength in the larger
towns in the “fringe” areas of this
station, it is proposed to use receiv-
ing antennas mounted in good loca-
tions each feeding a video distribu-
tion system similar to those already
used in this country.

RECENT SPEECH experiments,
in which a talker read lists of words
through an electronic speech-trans-
mission circuit to a group of listen-
ers wearing headphones, showed
how difficult it is entirely to destroy
speech intelligibility, Although the
investigation did not correlate the
intelligibility of the male and fe-
male voice, there was wide specula-
tion that the latter is both indestruc-
tible and unintelligible. One of the
distorting devices imserted in the
speech-transmission circuit elimi-
nated every trace of the speech wave
except markers of the instants at
which the speech wave vanished.
With this device in the circuit, the
listeners recorded 209% of the talker’s
words correctly. Another device
eliminated the top half of the speech
wave and let the listener hear only
the bottom half. With this device in
the circuit, intelligibility was almost
perfect. Still other devices performed
simple mathematical operations upon
the speech wave, such as multiplying
the sound pressure at each instant by
itself or squaring the sound pres-
sures. Using the squaring device, the
listeners missed most of the test
words, which were spoken out of
context, but they could piece
together enough of the conversation
to understand the talker. At no time
during the experiments was intelli-
gibility completely destroyed by>the
distortion.

{Continued on page 20)
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Where WALITY Cooerels-

= 400

Lo i

(XL EL- AN » suiltin proamplifier for

@ Accessibility to ;

pe;
« time saving inspection while op

diicropbans f brdgng:

AMPEX ELECTRIC CORPORATION o Reduood City, California

/
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wherever you go
there’s radio ...

transmitted through
Truscon Steel Towers

Truscon Steel Towers dot the land-
scape in America and foreign lands,
performing dependably under the
greatest extremes of geographical
and meteorological conditions.

Typical example is the new 409 feet | e i
high Truscon Guyed Tower with = '
RCA 4-section HD pylon 56 feet
high, erected for WCOP-FM Broad-
casting Station at Boston, Mass.

Lessons learned through experience,
observation, and coordination with
leading tower erectors during con-
struction of hundreds of towers,
are reflected in the design, detail,
and safe and simple field assembly
of all Truscon Steel Radio Towers.

Your phone call or letter to any
convenient Truscon district office or
to our home office in Youngstown, 5
will bring you immediate, capable Gl
engineering assistance on your g : i
tower problems. Call or write today. = e

TRUSCON® STEEL COMPANY
1092 Albert Street
Youngstown 1, Ohio

Subsidiary of Republic Steel Corporation

TRUSCON
o 8 Name
you can build on

16 TELE-TECH * August 1952
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~ JAN 7- AND 9-PIN MINIATURE
TUBE SOCKETS

These sockets are available in
grade L-4B or better ceramic, Or
type MFE low loss plastic. The
contacts are either phosphor
bronze or beryllium copper, sil-
ver plated. Contacts and center
shield tab are hot tin dipped.
Nickel plated brass shields
equipped with sturdy springs
are available for all 7- and 9-pin
< sockets.

JAN OCTAL TUBE SOCKETS

Saddles of these sockets are
nickel plated brass, either top or
bottom mounted, with or with-
out ground lugs. Body and con-
tacts are of the same materials as
the JAN miniature tube sockets.
Contact tabs and saddle ground
lugs are hot tin dipped.

BUTTON TYPE SUBMINIATURE ({T3)
TUBE SOCKETS

These sockets are available for
round 8-pin subminiature tube
types. Insulation is type MFE
Jow loss plastic and contacts are
beryllium copper silver plated
with gold flash covering. Con-
tacts especially designed for pos-
itive connection and high pin
retention even after many inser-
tions. Sockets are of rugged con-
struction for long life.

When you order Sylvania Tube Sockets you get
the extra value of Sylvania’s experience and
know-how at no extra cost. Designed for maxi-
mum strength and optimum electrical properties
Sylvani'a Sockets assure high tube retention an(i
tube pin contact even under severe vibration.

Warren, Pa.

Highgst quality is guaranteed by Sylvania’s own
exacting quality control. .
For full information on the com i
: plete line of
Svlvania Tube Sockets write: Sylvania Electric
Products Inc., Dept. A-1108, Parts Sales Division,

*SYLVANIA =

RADID TUBES; TELEWISI ; :
ON PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESGENT TUBES, FIXTURES, SIGN TUBING, WIRING DEYICES; LIGHT BULBS; PHOTOLAMPS; TELEVISION SETS

TELE-TECH * August 1952
17
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MODEL 105-507

bt mansize
e - 1or man- sued

® Fully automatic—dry

air available without e
interruption. Capacity : .

3 CFM

® Dewpoints below — e T

-40° F. i :

® Floor model—~26""W
x22"Dx 667" H

® Operating pressure
adjustable up to 50
PSI

® Serves up to:

: %
BN - AVUT O-DRYAIRE
Transmissian Line, :

10,000 f1. 3% "

Transmission Line,
5001 5" - BEH YDRAT ORS
Transmission Line.

MODEL 05-507 is fully automatic—this particular unit delivers
5 CEM. There are many others In the complete family of Auto-
Dryaire® D\ehydrators having characteristics to meet all require-
ments—standard models with deliveries from .15 CFM to 3.0
CFM; larger capacities to specifications.

For performance plus, specify the following products of our manufacture:
SEAL-O-FLANGE *TRANSMISSION LINE, AM, FM and TV TOWER HARDWARE,
LO-LOSS SWITCHES, and COAXIAL DIPOLE ANTENNAS. Inquiries invited.

*REGISTERED @- WWM%

TRADE MARK MARLBORO, NEW JERSEY — Telephone: FReehold 8-1880

18 TELE-TECH * August 1952
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THE ONE SOURCE FOR ANY

FUSE..

From 1/500 Amp. Up

BUSS offers the most complete line ke
of fuses for Television,..Radio...Radar... . !
Instruments. ., Controls... Avionics.,..
in standard types and dual-element
(slow blowing) types.

By using BUSS as your one source
for fuses you simplify your buying,
stock handling and records.

Every BUSS Fuse is Electronically Tested...
in a sensitive device that rejects any
fuse that is not correctly calibrated,
properly constructed and right in all

physical dimensions. This means every
BUSS Fuse is a good one.

Manufacturers and servicemen
throughout the country have learned that
they can rely on BUSS fuses for depend-
able protection.

It You Have a Special Protection Problem...

let a BUSS engineer help you. He has

: B AN BN ES BN BN BR NN BN AN BN Bw W WM R
at his command the world’s largest fuse i

research laboratory and the World’s I BUSSMANN Mfg. Co. (Division of McGraw Electric Co.)
1 f d 3 . University at Jefferson, Sc. Louis 7, Mo.
argeSt us€ pro uction CapaCIty' I Please send me Bulletin SFB containing complete facts on
BUSS small dimension fuses and fuse holders.
, l Name
Send the GW 0 re
Company
FOR MORE FACTS... 1
I Address
BUSSMANN MFG. CO. Divisien McGraw Eleciric Company. City & Zone State 852
University at Jefferson, St. Louis 7, Mo. I
TELE-TECH * August 1952 19
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FOR AIRBORNE ELECTRONIC EQUIPMENT

When you require a Unit Type Mounting Base, send your
equipment FIRST CLASS. Install it on a Robinson #831 Series
Base — the sfock ifem that always delivers dependable vibration
isolation and shock protection.

Robinson All-Metal construction eliminates the customary
limitations inherent in all organic materials. Performance remains
constant and unvarying — regardless of altitude, temperature,
climate, or period of service.

These Bases maintain a constant natural frequency of 550 cpm
or less throughout the widest load range. Axinl-lateral stifiness
ratios are such as to provide maximum vibration isolation in all
modes.

Robinson’s exclusive MET-L-FLEX knitted wire resilient
elements have the high damping and non-linear load deflection
characteristics necessary for the safe absorption of shocks due to
rough air, emergency landings, gunfire, or combat maneuvers.
Auxiliary All-Metal limiters are provided for temporary overloads.

Robinson Unit Type Mounting Bases are available in all
standard JAN sizes, and conform throughout to specification
JAN-C-172A. Robinson standard “Proof Tested” construction
needs no “ruggedization” to meet the 30 “G” Drop Test
requirements of AN-E-19.

If your equipment needs maximum protection, or presents an
unusual mounting problem, inquire about Robinson’s Engineered
Mounting Systems. Their cost is often no greater than stock item
Bases. Availability and delivery are excellent.

For further details, cali vour nearest Robinson Engineering
Representative, or write for Bulletin §5-700.

" ROBINSON-AVIATION INC.

TETERBORO NEW, JERSEY

i

',_,1/’ 707 “1,/ L /;/,;ﬁ,{/f‘.r u e ,//1,::_;,','___»/_/_._{-_ 2

IN TODAY’S AIRCRAFT—ROBINSON MET-L-FLEX MOUNTS

20
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(Continued from page 15)

RADAR AHEAD! A Marine
combat photographer, T/Sgt. Paul
. Shaner, got a flashy reception as
he stepped out of a jeep at a forward
Marine ground control interceptor
squadron in Korea. Invisible radar
rays from air-scanning equipment
touched off simultaneously 40 flash-
bulbs he was carrying in a shoulder
bag.

RADIO is being used more and
more in aeronautical navigation.
The latest large scale use is the
release of radiosondes from the
floating weather stations in the
North Atlantic to check the upper
winds and pressures. Every six
hours for a period of two weeks
recently a radiosonde was released
from a weather station and tracked
by radar. Aircraft on regular flights
also cooperated in making special
reports. Thus “pressure pattern”
flying, which entails flying along
certain pressure areas, is being im-
proved and extended. Use of this
system of flying results in increased
payloads and lower transportation
charges.

MIGHTY MITE—Reporting
from Washington, F. C. Othman, in
N. Y. World-Telegram, tells of an
engineer friend “whose job lately
has been that of attending some of
the incredibly dull hearings of the
Federal Communications Commis-
sion.

“Everybody fidgets and also
squirms at these protracted proceed-
ings. Everybody, that is, but my
favorite electronic engineer. He ad-
justs his hearing aid .in his left ear
and spends whole afternoons with a
beatific smile on his lips, paying rapt
attention, while the lawyers wrangle
interminably about legal wave
lengths.

“Hearing aid? My man’s ears are
perfect. He has in his shirt pocket a
12-tube radio set. This is about the
size of a cigaret package; a wire
leads from it to the speaker button
in his ear. While the other people
suffer, he listens to the ball game, If
he has to be on hand in the morn-
ings, he turns his attention to soap
operas; says some of them are sur- .
prisingly interesting. More interest-
ing, at least, than lawyers.

“He made his mighty-mite radio
in the laboratories of his own em-
ployers, using in place of 12 vacuum
tubes a dozen transitors. These are
the magical chunks of germanium,
each about the size of a match head
and doing all the work of a glass
tube 500 times as big.”

TELE-TECH °* Avugust 1952
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RCA WR-4|A UHF Sweep Generator

The WR-41A provides a quick, economical
means of factory-testing UHF equipment with
high accuracy. The instrument incorporates the
same high-quality sweep oscillator as used in the
WR-40A. Since this unit is designed primarily
for production-line use, it employs four semi-
fixed absorption-type markers. These are built
inside the case, to prevent alteration of their
adjustment during normal use.

TELE-TECH * August 1952

A WR-40A UHF Sweep-Marker Generator

NOW—for the UHF development and design laboratory—the new
RCA WR-40A combines sweep generator, marker, and calibrator
facilitiesin one compact, practical unit. Itsversatility is unmatched
for testing UHF-TV tuners, converters, receivers, antennas, and
transmission lines in the 470-870-Mc band.

CHECK THIS LIST of Important Features:

¥ Center frequency of sweep oscilla-
tor is variable from 470 Mc to 890 Mec.
Operates on fundamental frequencies
without harmonics or beat notes.

v Full 45-Mc sweep widch available
rhroughout cheentire UHF band. “On”
or “"Of” blanking is included.

v Sweep generator oucputimpedance
is 50 ohms—output voltage across a
50-ohm resistive load is 0.5 volt.
External pads to match 75-ohm and
300-chm inputs are supplied.

v Amplitude variation of sweep
oscillator does not exceed 0.1 db/Mec.

v Marker oscillator, controllable in
amplitude, employs 2 hand-calibrated
dial and operates on fundamencal fre-
quency throughout the UHFE band.

v Crystal calihracor provides 1-Me
and 10-Mc check points throughout
entire UHF band.

v Marker amplitudes from hand-cal-
ibrated wariable oscillator and crystal
calibrator remain constant over entire
oscilloscope patctern,

For complete technical details and prices on the WR-40A
and WR-41A UHF Sweep Genercators, write RCA,
Commercial Engineering, Section HR57, Harrison, N. J.

www americanradiohistorv com
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RADIO CORPORATION of AMERICA

TEST EQU/IPMENT

HARRISON. N. J.
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Small in size...

but big in features

MALLORY MIDGETROL

Here’s a carbon volume control that has all the features you need

. for simplified design, faster production, top performance. Built
for today’s electronic equipment, Mallory Midgetrols offer you this
unique combination:

SMALL SIZE: saves chassis space—outside diameter is only 13’
overall depth is only 33",

WOBBLE-PROOF CONSTRUCTION: two-point suspension, patented
by Mallory, holds shaft firmly, eliminates end and side play. ..
prevents damage and uneven wear of the element when the shaft
1s turned or when heavy pressure is used to apply the knob.

QUIET OPERATION: exclusive Mallory sliding, silvered contact gives

holds the shaft here...and here ‘ positive electrical connection without troublesome pigtail wiring.
In all Mallory Midgetrols the control STABILITY: unique manufacturing methods for applying and curing
shaft is held firmly at fwo points the resistance element assure constant resistance value even
instead of the ustal one. The shaft when exposed to extremes of humidity and temperature.

impl ’t wobble sid , and . .
i:g:ﬁtymgiz en:ﬁaysivzln fv‘{lzsheiiy SMOOQTH TAPER: a fine molecular carbon structure is deposited

pressure is exerted to force on the under precise control. Linear, right and left hand logarithmic
knob. This construction makes pos- tapers are available.
sible a shorter shaft bushing, and

permits use of longer shafts Midgetrols are supplied in a wide range of resistance values, and in
o * p

styles for practically every standard or special application. For full
“details, write or phone Mallory today.

Television Tuners, Special Switches, Controls and Resistors

(PR MMLonva €0, Inc. ' SERVING INDUSTRY WITH THESE PRODUCTS:

Electromechanical —Resistors ¢ Switches ¢ Television Tuners # Vibrators
Electrochemical —Capacitors » Rectifiers * Mercury Dry Batteries

Metallurgical —Contactss Special Metals and Ceramics s Weelding Materials

MALLORY & - INC., INDIANAPOLIS 6, INDIANA
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Second new plant in New England area to
produce magnetrons and special purpose tubes

Again Sylvania prepares for
new advances in electronics
production with the announce-
ment of plans for a third Elec-
tronics Division plant.

Located at Newton, Massa-
chusetts, this up-to-the-minute
manufacturing unit will in-
clude in-line-exhaust equip-
ment devoted to manufacture
of Sylvania Magnetrons for
microwave radar equipment
use,

This new plant represents

one more step in Sylvania’s’

long-range program of provid-

TELE-TECH * August 1952

ing high qualityelectronic tubes
for military and commercial
use where top performance is
needed.

For information on Sylvania
tubes for use from 1000 mc.
up, write for Microwave Pack-
age H-4 which includes catalog
material on Sylvania Magne-
trons, TR and ATR Tubes, Hy-
drogen Thyratrons, Microwave
Crystals, Rocket Tubes and

. Tunable Klystrons. Write Dept.
E-2908, Sylvania Electric
Products Inc., 1740 Broadway,
New York 19, N, Y.

www americanradiohistorv com

NG. 2 P
WOBURN, MASS. _
NQ. 3
k NEWTON, MASS.

Type 2J42—A ¢
low-power
fixed -frequency
X-band type

Type 6027—5im-
ilar to 2442 with
higher power
oufput

Type 4J50— 1
High-power X- 247
band mugnetron

{4 Type 4J78~—
' High-power X=
band magnetron

g e}'ﬂ

b
Type 4J52—Low 1)
power X-band |
magnetron’ Lii

|
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The popular GATES HF-10 High
Frequency Transmitter is available in five
different models for applications in broad-
cast, voice communications, high speed te-
legraphy or combinations of these services.
These fine transmitters have gained world
wide recognition for their complete relia-
bility and excellence of signal quality. They
are daily handling a sizeable quantity of
the intercontinent communications between
nations, both government and private.

High level Class B modulation is em-
ployed for all voice or broadcast models.
The low plate voltage (5000 volts) assures

reliability in line with high efficiency.
Rated at 10 KW (telegraph) from 2-22 Mec.
and 8 KW (telegraph) at 24 Mec., or 10 KW
100% modulated 2-18 Mec., 715 KW at 22
Mc. and 6 KW at 24 Mc. These rugged
transmitters are worth investigating for
your future. Write for full descriptions and
specifications.

Center cubical of
GATES HF-10 Trans-
mitter Hlustrates husky
tank circuit design for
high efficiency coverage
over entire frequency
range.

GATES RADIO COMPANY = QUINCY, ILLINOIS, U.S.A.

manufactiuring engineers

2700 Polk Avenue, Houston, Texas ® Woarner Building, Washingten, D. €. ® International Division, 13 E, 401h 5t., New Yerk City
Canadian Marconi Company, Monireal, Quebec

TELE-TECH * August 1952
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Wesftern
Electric

helps
ring the bell

KINNEY
HIGH VACUUM
PUMPS

Electronic tubes for rural telephone circuits make
two trips around this rotary sealing machine before they
take the big trip to the country. First, the tubes receive
their glass envelopes, after which they are evacuated
and sealed under ultra-high vacuum . . . created by
Kinney Yacuum Pumps.

To insure proper operation and long tube life, every
trace of oxygen must be exhausted from the tubes be-
fore sealing. Kinney Vacuum Pumps are used in this
and thousands of other automatic exhaust machines
throughout the world. They combine these all-important
features: fast recovery speed, low ultimate pressures,

and complete dependability.

There’s a Kinney Pump for every vacuum require-
ment — whether you’re working to 1 mm. Hg., ten
microns, or a tenth of a micron — from the new giant
1600 cu. ft. per min. model to the midget Mode! CVM
3153 with a free air displacement of only 2 cu.
per min.

Send coupon today for complete details. KINNEY
MANUFACTURING CO., Boston 30, Mass. Representa-
tives in New York, Chicage, Cleveland, Philadelphia,
Houston, New Orleans, Los Angeles, San Francisco,
Seattle.

FOREIGN REPRESENTATIVES: Gen'l Engineering Co., Ltd., Raddiffe, Loncs., Englond * Hor-

25, Rome, ltaly,

rocks, Roxburgh Pty., Ltd., Melbourne, C.l. Australia » W. S. Thomos & Toylor Piy., ltd.,
Johannesburg, South Africa ¢ Novelectric, Lid., Zurich, Switzerland * C.I.R.E. Piazza Cavour

D Vacuym

exhausting

D Vacuum
dehydration

[:] Yacuum
coating

KINNEY MANUFACTURING CO.
3568 WASHINGTON ST,,

BOSTON 30, MASS.

Please send new Bulletin V-51B. Qur
vacuum problem involves:

B g

Name .. v
Company.......uu

Vacuum

distillation Address. ..o

Vacyum

metallurgy

Yacuum i

research City s State.,
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Rolled and Bent Tubular Parts

— waom Qfow‘nﬁig

Men, experience, and machines-
that-do-everything-but-talk, are
generally the answer to a problem
of obtaining parts of complex
shape and precise dimension.

Here at Superior, customers for
parts of this kind get a particularly
good answer. We have the experi-
enced men with a solid background
of rubular parts production who
are willing and able to take the
time and care required for top-
quality products. And we have
the machines.

The delivery end of one of them
is shown above. The part coming

out came into our plant as a 27"

tube, went through several redraw
and annealing operations, was fi-
nally cut toexact length, tumbled to
remove cutting burrs, then rolled
by a controlled process to the

precise dimensions established by
customer specifications.

There’s nothing spectacular in
the story ... it’s just the outline
of one of the many jobs that we
know how to do well. Behind
the story, however, is a thought
for you.

Our production story is backed
by our ability, facility and desire

to help you. If you are an experi- .

menter in electronics or a manu-
facturer of electronic equipment
and you need a tubular part to do
a tough job well, better check with

We'll be glad to assist with
research development, and design
aid toward the solution of your
problems. Tell us about them hy
wriling Superior Tube Company,
2508 Germantown Ave., Norris-
town, Pennsylvania.

Cutting and Tumbling. Cutting machines and
jigs of many types and sizes are combined
with extensive tumbling equipment to permit
fast, accurate production of quantities of parts
at Superior.

Fabrication. Parts can be readily rolled at
either or hoth ends, flared, flanged, expanded,
or beaded {embossed) as required. The anode
above is one of many such parts we produce
at high speed and low cost.

The Finished Part. Final stage in the fabri-
cation of the part, shown above at three stages
of production, is a bend nicely controlled for
both precise angle and freedom [rom other,
unwanted distortion.

This Belongs in Your Reference File

... Send for It Today.

NICKEL ALLOYS FOR OXIDE-COATED CATHODES: This reprint de-
scribes the manufacturing of the cathode sleeve—from the refining of the
base metal; includes the action of the small percentage impurities upon
the vapor pressure and sublimation rate of the nickel base. Future trends
of cathode materials are also evaluated.

Cn-rlﬂm ﬂmlfui ( 035' ‘ max. qull Up i'o l%". :

SUPERIOR TUBE COMPANY ¢ Electronic products for export through Driver-Harris Company, Harrison, New Jersey  Horrison 6-4800

26
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Custom Made Technical Ceramics
of this type to meet almost any quantity
and delivery requirements.

A battery of these
rotary presses is
ready to serve you,
For large volume re-
quirements —a third
of a million or over
—this is the most
economical method
of manufacture
in the industry,

If you need ceramics similar to these, and you
need them in large quantities, we have the ca-
pacity. This rotary press is capable of producing
1,800,000 units a day and we have 4 large

tunnel kilns to insure adequate firing capacity.

For VOLUME PRODUCTION . ., SEE US!

50TH YEAR OF CERAMIC LEADERSHIP

AMERICIIN LAVA CORPORATION

CHATTANOOGA 5, TENNESSEE

OFF|CES: ME"‘OPQIHTAN AREA: &71 Broad S1., Newark, N. 1., Mitchell 2.815% ® .PHILADELPHIA, 1649 MNorth Broad St., -Stevenson 4-2823
SOUTHWEST: John A. Greon Co., 4815 Oricle Drive, Dallas 9, Dixon 9918 '@ '~ NEW ENGLAND, 1374 Massochusetts Ave., Cambridge, Mass., Kirkland 7.4498
105 AMGELES, 5603 North Hunfington Drive, Capitol 1-9114-® CHICAGO, 228 Norih LaSaile St., Contral 6-1721 4 ST, LOUIS, 1123 Washington Ave., Garfiald 4959
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Making little ones out of big ones...

Many a design problem has been simplified by the
Westinghouse ability to reduce transformer size
and weight.

Here, for example, is a case where a transformer
was required to work in a voltage-doubler circuit at
18,000 volts. The old model created a space problem.

First step in redesigniag, Westinghouse engineers
applied a smaller, lighter Hipersil® Core. That,
plus improved insulation, made it possible to reduce
coil size and spacing. Then a wet-process porcelain
cap, with integral tube sockets, eliminated the need
for stand-off insulators. The net result was an over-all
reduction of 309 in both size and weight of the
completed power unit ... with a great big bonus:
The saving to the equipment assembler in instullation

28

cosis alone made the new design highly profitable,
because itwas no longer necessaryto wire tube sockets.

Savings like this are available to you, too. If size,
weight, performance, or quantity production have
any bearing on your transformer problem, call your
Westinghouse representative, or write Westinghouse
Electric Corporation, Specialty Transformer Depart-

ment, Sharon, Pennsylvania, 1-70610
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PORTABLE CAMERA MOUNT

HOUSTON-FEARLESS R
ALL-METAL TRIPOD : : m._, :

Combmes extreme rug- s gty HOUSTON- FEARLESS
gedness, adaptability, : : FRICTION HEAD
rigidity, ease of opera- i Diue e
tion and portability not B i Prowdes smooth easy
found in any other tri- :  and il fTV
pod. For studio or field

“use. Levels automatic-
ally. Tubular steel legs

- are easily adjusted for

: \ '
height —lock positively 4 AR | times. Variable drag and -
revent slipping. 1@ brake are provided on
Folds ca Jgftctlv Two _ W ‘both pan and tilt. Adjust-
sizes: ¥ and full Iengt]: ] B able handle- s Hous
A QY e

G1ves convenient mobility to tnp
mounted television cameras. In the studio,
it offers a rapid means of moving camera.
eels swivel for maneuverability or can
be locked parallel for straight line track-
ing. In field, provides easy means for
positioning camera, Strong, lightweight
tubular steel. Folds compactly. ;

e R
THE HOUSTON-FEARLESS CORP.

; 2 — e i &
7 i ]
{ | | 11505 W. Olympic Blvd,, Los Angeles 63, Calif.
. . Please tend catalogs on (7] Friction Head [J Tripod
. [0 Triped dolly [} Panoram dolly [ TV Cranes

[0 Camera pedestals [J Film Processors (] Remote

FEARLESS g

Statiomor firm—_
Address—

(6’;??‘/‘/6"?’({[’;{74? F ; ; City  Zone_ State
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FOR RADIO

Feabeitiel Wetsls Diviiore
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For any scldering job that demands freedom from corrosion and conductive flux
residue . . . for ease of working and unequalled consistency . . . there is nothing better
than Federated Rosin Core Solder.

Each Rosin Core Solder composition, of which there is a variety for different
purposes, is a tin and lead alloy with a rosin flux that is effective hut not corrosive.
Because the rosin residue is chemically inactive, current leakage at radio and tele-

Y ’ g

vision frequencies is prevented.

Federated Rosin Core Solder is a quality product that is unsurpassed for the
permanence of the bond it produces. .. for the consistently easier soldering job it
does! Look for it in 1, 5, 20, 25, and 50-pound sizes on the familiar orange and
black metal spocl. Listed by Underwriters’ Laboratories Inc.

AMERICAN SMELTING AND REFINING COMPANY - 120 BROADWAY, NEW YORK 5, N.Y.
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E-therm is anoiher exumpie of uglvqmwed Sangamo
engineering. Continued research and development
of new products enables Sangamo to m_gef the Fo: Engmeenhy Bulldlm No. JO4A

X ALl N
PAP!I-!\I(A snvm Hl(T!!DI.‘lTlt y

CAPACITORS
SANGAMO ELECTRIC COMPANY
15" MARION, ILLINOIS ' 5C52-9)
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W e T,

RU:0HM propuers

Division of Model Engineering & Mfg., Inc.

General Sales Office:

2800 N. Milwaukee Avenue, Chicago 18, Ill.
Factory: Huntington, Indiona

MANUFACTURERS: Powar Rheostal, Fixed Resistors, .
Adjustable Resistors, “'Econchm' Resistors ,

Write for FREE Engineering Cat

SECHSE SR SR EEL R I SIS
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O. H. CALDWELL, Editorial Director % M. CLEMENTS, Publisher % 480 Lexington Ave., New York (17) N. Y,

Let's Get Action on TRANS-ATLANTIC TV!

To the President,
The White House, Washingten, D. C.

Dear Mr. President:

Right now, TV networks link practically every TV sta-
tion in the United States. And this month, Canadian and
Mexican transmitters are to be added to the American
continental system.

Next step in TV networking obviously must be to
Europe and South America,

Many methods for trans-ocean TV have been proposed
and discussed:

1. Airplane-relay between a dozen or more express planes
continuously flying a regular route across the ocean.

2. “Stratovision-relay” between “stationed” planes flying
in circles over a series of flat-top carriers suitably
spaced at ocean intervals.

3. A microwave and VHF relay chain up the Labrador
coast, across Greenland and Iceland to the British Isles.

4, A submarine cable using new coaxial techniques and
employing transistors to reduce current drain of the
many repeaters required.

5. Long-distance “scatter” transmission, offering possibili~
ties with increase of transmitter power.

6. Miscellaneous marginal proposals, including moon re-
flections during limited (5-hour) periods at varying
times.

But even with a standard US TV signal delivered
across the Atlantic at adequate level, another set of
difficulties arises from the differences in video specifica-
tions “over there.” Our 525-line picture would have to

be converted—for England, 405 lines; Holland, Denmark
and Germany, 625 lines; Belgium, 819 lines; and France,
441 and 819 lines.

Yet all these baffling difficulties undoubtedly will be
overcome, when the tremendous significance of trans-
Atlantic TV is fully appreciated. Not only will the great
news events of Europe be brought “live” into 20 million
American homes, but the underprivileged of Europe can
be shown the wonderful richness of life in America, our
great cities, our comfortable modern homes and farms,
our bulging food stores, our labor-saving devices, our
medern factories with ideal working conditions, our
freedoms for all individuals.

Surely trans-Atlantic TV will work new miracles of
world understanding and better appreciation of Ameri-
can ideals. In addition to the “Voice of America,” we
shall be able to give them “The View of America.”

To speed up this interchange of television programs
across the Atlantie, we urge that you, your Secretary of
State, or your White House Telecommunications Ad-
viser, the eminently qualified Haraden Pratt, immedi-
ately appoint a technical committee to investigate the
feasibility and cost of such a TV over-ocean link, and
report to the President and Congress the funds and
methods needed to get fast action on Trans-Atlantic TV.

Publishers, TeLE-TECH
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RADARSCOPE

Revealing Important Advances Throughouf the Spectrum

of Redio, TV and Tele Communications

REARMAMENT
EXCEEDS WORLD I PEAK—Electronic-radio-

radar production is now up to a total of $4 billion, ex-
ceeding peak output of the industry during World War
II. With the production of equipment and components
at $2.5 billion on an annual basis for the armed services,
it is anticipated that electrcnic military production will
be increased by more than 509 before the end of this
year, after which it will level off. Production of civilian
television and radio equipment and replacement parts
and components now totals approximately $1.5 billion a
vear, which combined with the military output totals
$4 billion. Manufacturing of electronic and radio com-
ponents is eight times what it was in the three months
following the Korean war’s outbreak, and more than
three times what it was a year ago.

MOBILE COMMUNICATIONS
TWO-WAY TRANSCEIVER manufacturers are

aiming at increasing the “average man” market in UHF
and VHF marine and vehicular equipment. In order to
keep equipment cost commensurate with the amount
paid for the vessel or vehicle itself, this market’s prime
requisite is low selling price. Extreme congestion in the
2 Mc band is the natural outgrowth of the operation of
28,000 small craft equipped with radio communications
systems, many of whom are unaware of the need for

First wristwaich rodio made by Western Elecciric engineers as an
“after-hour™ stunt is 1.5 x 2 x 075 in. Unit uses one trunsistor

in r-f stage, one in detector and two in audio. Dattery supply (lop)
and tuner-amplifier are surrounded by antenna worn in user’'s jacket
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efficient message handling. As more low-cost transmit-
ters and receivers become available for the VHF fre-
quencies recently provided by the FCC for marine use,
small boat operators will climb into the new bands to
escape the crowding at 2 mc. Similarly, in land mobile
applications at 450-460 mc, and particularly in the 460-
470 mc Citizen’s Band, satisfactory radio systems within
the scope of our “average man” will find an increasingly
receptive market among construction companies, news-
papers, taxicabs, civic services, repair and delivery busi-
nesses, and professional people who desire direct con-
tact to a home office.

ALLOCATIONS _
TWO YEARS EXPERIENCE with the Copenhagen

Plan for radio in Europe shows that it is working better,
but not by any means as efficiently as its signatories in-
tended. Of the 675 medium and low frequency stations
in operation in the European area, about 150 have been
added in the past two years. At the end of this two-
year period there were 350 utilizations of various fre-
quencies. This seems to indicate that congestion has
reached such a state in Europe that very few channels
now remain free of interference. About 409 of the fre-
guency utilizations are contrary to the Copenhagen
Plan. Frequency tolerances of =10 CPS seem to be
taken rather lightly, since cnly 55 of the stations using
authorized {requencies are maintaining their tolerance.
Some of the unauthorized stations operate on frequencies
more or less midway between the nominal channel fre-
quencies. It is interesting to note that the 350 stations
operating aggregate approximately 18 megawatts of
power, and also that networking in Europe is reaching
considerable propertions.

SPACE RADIO
DOPPLER SHIFT—The moon-reflected messages

being transmitted on 418 mMc from Collins Radio, Cedar
Rapids, Yowa, to Washington, D. C,, start out at a low
angle of 7 deg. above the horizontal, directed at the ris-
ing moon, An incidental result is that the earth’s rota-
tion is then bringing the transmitter closer to the moon-
reflector at a speed of nearly 1000 m.p.h. Also the receiver
is approaching the moon but at a slightly lesser speed
because of the higher moon angle at the receiving point.
These two speeds should produce a Doppler frequency-
shift of 1000 CPS-—about the band-width of the receiver.
But tests so far have been too rough to measure this in-
crease in {requency between the 20-KW transmitted
wave, and the faint receiver signal (with a power of
only 7.25 times 10-to-the-minus-seventeenth-power
watts, or an attentuation of 250 billion billions during
its half-a-million-mile journey!)
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COMPONENTS the sound (compared to the video) between program

EARLIER TREND towards permanent-magnet
loudspeakers and separate filter chokes for the B+4- sup-
ply in television receivers, may well be reversed due to
the shortage of permanent magnet material, and the
comparatively low cost of loudspeakers with energized
field windings. Today a manufacturer who pays 80 cents
for a permanent magnet loudspeaker and 55 cents for a
filter choke, totaling $1.35, can save 18 cents by using a
loudspeaker with an energized field winding at a cost of
$1.17. This reversed trend in components may well
spread to other sections of television and radio receivers,
and some of the very early component combination units
may be revised and cheapened in the light of present
day know-how.

QUARITY CONTRCL
WOMEN TESTERS—Some of the larger equip-

ment manufacturers are turning to the idea of using only
women testers on their assembly lines. The thinking here
is that men testers, because of limited subject knowledge
or experience, are more likely to interpret wrongly or to
read things into meter indications and these may not al-
ways be correct. With women testers, on the other hand,
meter readings are likely to be on a true “go or no-go”
basis. The end result is reported to be better quality in
the manufactured product.

PROPAGATION
TV SOUND LAG—Only the TV pictures go by way

of microwave relay or coaxial cable, at speeds averaging
160,000 miles per second {approaching the velocity of
light. The circuits carrying the sound accompanying
television channels, on the other hand, are usually comn-
posed partially of loaded cable facilities which transmit
at much lower speeds, in some cases as low as 20000
miles per second. Also these sound circuits often follow
different routes than the video circuits, as they are
sometimes used by the broadcasters for other purposes.
As a result there may be many more sets of terminal
equipment in the circuits than would be required simply
to reach the television stations along the route. The net
result of these differences is that the time required for
transmission of the sound to distant points may be
enough longer than that required for the video, so that
a lag in the sound might be noted under certain condi-
tions,—for example, in watching the lip motions of a
speaker close to the camera. In other types of action
delay may be relatively unnoticeable.

To avoid objectionable delay effects it is necessary to
design sound circuits for television so that the delay of

TELE-TECH * August 1952

sources and distant areas under any conditions, will not
exceed a certain limit. As is the general case in designing
communication channels, meeting closer limits involves
added cost. No permanent limit has been established
yet for audio delay but experience so far indicates that
something less than a tenth of a second will probably
prove optimum, all factors considered, including cost.

INTERNATIONAL
HIGH-DEFINITION TV lihk from Lille to Paris,

France, is now in operation. Operating over about 130
miles, a three-step microwave relay is now working on
a frequency of approximately 900 megacycles. Used for
high definition television the band width is 15 mega-
cycles. Single, upper side-band transmission is used over
the link, which also carries the frequency modulated
audio component of th2 program. An over-all signal-to-
noise ratio figure of 35 db has been obtained.

~ et =
7 British
%ﬁ%‘?ﬂo‘gfm

PO .-

"t

30

£0IN[BURGH .

s T
KIRK BLACKFORD \
o'sHoTTs HItL
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Cable roufes

TV programs from Paris were relayed to London during July. Two broad-
east transmitters covered the Paris crea, one using 819-line scanning,
the other the old 441-lines. The 130 miles fo Lille were spanned by
three 900-MC links; thence over 180 MC to Cassel, where B19 lines were
changed to British 405-lines. Signals were relayed to Alembon ai 7000
M. Remaining 1Z2 inites to London were covered by three 4500-MC links.
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Magnetic Powder Cores for Militar

Extreme variations in volume resistivity, permeability

materials made by different manufacturers point to
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Fig. 1: Q vs. frequency for various grades of powder cores

By Dr. EBERHARD BOTH
Squier Signal Lab., SCEL, Ft. Monmouth, N. J.

RON powder cores are not as

simple structures as their out-
ward appearance might imply. The
very powder of which they consist
comes in more than 20 grades all
more or less different from each.
other with regard to purity, particle
size and shape, hardness, density,
and intrinsic magnetic properties
such as permeability and losses. In
a finished core, these characteristics
will be varied still further by manu-
facturing parameters such as the
packing fraction of the powder,
interparticle insulation, nature and
amount of binder, molding and cur-
ing technique, and unless the cores
are magnetically closed structures
like toroids, their two most impor-
tant characteristics, i.e, their per-
meability and Q values, will even
depend upon the core dimensions.

It is therefore not surprising that,
when the 25 different powder grades
listed in the MPA chart are com-
pounded into cores by more than a
dozen manufacturers, the result is
not 25 grades of powder core mate-
rials but probably closer to 200. The
great variety of materials available
is not necessarily a cause for alarm
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by itself, although probably both the
core manufacturers and the core
users would benefit, if the number
would be reduced to the minimum
required for the adequate coverage
of the frequency range from 10 KC
to 100 MC, which in all probability
could be done with a well chosen
series consisting of about twenty
materials. What is disturbing, how-
ever, is the fact that these materials,
when used in military equipment
under conditions for which they
were never intended, will be sus-
ceptible to a variety of temporary
or permanent changes which may
seriously impair the function, or
even cause the breakdown of the
equipment.

This article will describe the pres-
ent and anticipated military re-
quirements for cores, present perfor-
mance characteristics, illustrate the
reality of the shortcomings of pres-
ent materials for such use, and sug-
gest such action as is deemed
necessary.

Iron powder cores have been used
in Signal Corps equipment since the
days of World War II. They are
particularly suitable for tuning ap-
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TEMPERATURE °C

Fig. 2: Effect of temperature on permeabllity of different cores

plications, where the ganged capaci-
tors of resonant LC circuits are
replaced by wvariable inductances.
This results in considerable savings
in weight and space, and in higher
electrical and mechanical stability.
Permeability tuning is therefore
used exclusively in all newly de-
veloped broadband receivers, with
the result that some sets contain as
many as 50 powdered iron cores in
r-f and i-f transformers, oscillators,
and other fixed and wvariable in-
ductances,

High Performance Standards

These sets must maintain ‘high
standards of performance under the
most trying conditions of modern
warfare. They must, within very
narrow limits, maintain their cali-
bration and sensitivity in spite of
rough handling, long storage, tem-
perature extremes, fungus and
dampness.

It seems that iron powder cores
have somehow escaped complete in-
dividual scrutiny heretofore, because
the burden of selecting the proper

_material was placed on the contrac-

tor who was only held to the per-
formance specifications of the fin-
ished set. Under this practice, the
manufacturer had to find out the
hard way which materials would
cause trouble. The danger of this
procedure is that short time tests

TELE-TECH * August 1952


www.americanradiohistory.com

Communication Equipmen

temperature coefficient and Q for similar core

need for further study and standardization

can never give any assurance about
stability over extended periods of
time, so that unsatisfactory materials
may slip through unnoticed.

In order to get some idea whether
there is cause for being alarmed over
the susceptibility of powder core
materials to stressed environmental
conditions, a series of tests was per-
formed at the Signal Corps Engi-
neering Lab., Ft. Monmouth, N. J.
Unfortunately, only about 200 differ-
ent materials made by three manu-
facturers could be included in this
series, but it is hoped to resume this
work on a broader basis in the near
future. In spite of their preliminary
nature the results are being reported
here in order to show that the short-
coinings of present materials are
real and can be detected by relative-
ly simple and dependable test pro-
cedures.

One of the prominent uses of
powder cores in Signal Corps equip-
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Fig. 3: Permanent <hange of QO caused by
holding magnetite at elevated temperature

ment is in permeability tuning. The
performance of the material for this
particular application is judged by
the tuning range which a slug of a
given size will afford and by the
amount of losses which it will intro-
duce into the resonant circuit. Typi-
cal performance curves for five dif-
ferent materials over three fre-
quency bands are shown in Fig. 1.
These data were taken by R. Miedke
of Collins Radio. The tuning slugs
used were 1.5 in. long and 0.25 in.
diameter.

The three commeon end points of
the curves show the resonant fre-
quencies and @ values of the coils
with the cores removed, while the
curves extending to the left from
these points represent the @ wvalues
at decreasing resonant frequencies
corresponding to various degrees of
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insertion of the core into the coil.
The length of each curve is then a
direct measure of the tuning range,
and the most desirable material is
that which combines the greatest
tuning range with the smallest
change in Q.

Materials numbered 1 and 2, made
from Carbonyl E powder by two dif-
ferent manufacturers show a rather
short tuning range for all three
frequency bands. It should be noted
that, while their curves for the
lowest frequency band are very
much alike, their behavior becomes
altogether different at the higher
frequencies, Materials 4 and 5 are
made from Carbonyl C powder by
the same two manufacturers. While
their tuning range is substantially
greater than that of materials 1 and
2, the Q values are lowered to an
intolerable degree by the insertion of
the cores. Definitely superior, how-
ever, is material 3 which gives the
same or better tuning range as com-
pared to the other materials at a
much sinaller sacrifice in Q. Mate-
rial 3 is a Molybdenum-FPermalloy
powder core and its performance has
not yet been equalled by any core
made from powdered iron.

Permeabdility Temperature
Coefficient

Another important feature of pow-
der core materials used in tuning
applications is the temperature co-
efficient of permeability. This is par-
ticularly true in cases where toroids
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Fig. 4: Permanent change of Q caused by
holding IRN 8 af an elevated temperature

are used for fixed turning, a practice
which is becoming more and more
common with the progress of minia-
turization. Very little is known
about the temperature coefficients of
permeability of the various grades -
of powder cores. In a general way,
it can be said that the temperature
coefficient is roughly proportional to
the permeability of the material.
TFig. 2 compares three powdered iron
materials! with two Molybdenum
Permalloy powder materials.? The
permeabilities of the powdered iron
are 70, 55 and 40, and the respective
temperature coefficients are 970, 760,
and 510 PPM/°C. The permeability
of the Molybdenum-Permalloy is 125
and the temperature coefficient of
the unstabilized material is 180
PPM/°C, while the stabilized ver-
sion of this material shows a mini-
mum permeability change above and
below room temperature and aver-
ages about 50 PPM/°C over the
temperature range from 0°C to 50°C.
The peculiar behavior of the stabil-
ized material is produced by using
a blend of powders of varying com-
position, the major constituent being
the normal Mo-Permalloy to which
a small amount of an alloy with a

TABLE |
VOLUME RESISTANCE BEFORE AND AFTER HEAT TREATMENT
POWDER GRA<DE MANUFACTURER A MANUFACTURER B MANUFACTURER C
Volume resistance in megohm—cm
As Received
Carbonyl € 2,870.0 0.000,516
Carbonyl E 50,000.0 0.17 36.0
Carbenyl SF 50,000.0 2,455.0
Carbonyl TH 50,000.0 39.9 8,980.0
IRN 8 0.097 3,710.0 122.0
After Aging At 300°C
Carbonyl C 0.000,433 " 0.000,001,76
Carbonyl E 0.012,% 0.000,035 0.001,085
Carbony| SF 0.008,76 0.000,338
Carbenyl TH 0.018,980 0.000,882 0.001,9210
IRN 8 0.057 12.95 1.938
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MAGNETIC POWDER CORES (Continued)

strongly negative temperature co-
efficient is added. Similar practices
may well become necessary for iron
powder cores. It is true that the
temperature coefficient of a slug is
substantially reduced along with its
effective permeability but the Antara
Catalog® lists values from about 15
to 170 PPM/°C for standard cores,
depending on the material. Tempera-
ture coefficients of this magnitude
are apt to cause trouble in circuits
where high thermal stability is re-
quired, particularly if the wvalues
vary from batch to batch due to in-
adequate production control.

Effects of Aging

In view of the clear trend towards
higher operating temperatures in
miniaturized communication equip-
ment it seemed interesting to check
how stable present commercial pow-
der cores are, when subjected to
aging far above room temperature.

A series of plain slugs 0.500 in. long,

and 0.370 in. in diameter were held
for one hour at temperatures of 80,
120, 160, 200, 240, 280, and 300°C,
with intermediate cooling to room
temperature for testing the @ values.
One of the same core was used for
all temperatures, so that at the end
of the test series it had undergone
seven heating and cooling cycles
with increasing peak temperatures.

The Q readings were taken in a
series of coils designed according to
an article published in the Jan. 1946
issue of Electronic Industries. The
slugs were tested at the frequencies
for which the materials are recom-
mended by their manufacturers. In
order to compare the results of these
tests, the Q reading in the “as re-
ceived” condition was taken as the
1009, reference point and the per-
centage of Q as retained after each
heat treatment was plotted versus
the applied peak temperature.

TABLE 1
VOLUME RESISTANCE BEFORE AND AFTER MOISTURE TEST
POWDER GRADE MANUFACTURER A MANUFACTURER B MANUFACTURER C
Volume resistance in megohm—em
As Received
Carbonyl C 2,870.0 0.000,516
Carbonyl E 50,000.0 0.170 36.0
Carbonyl SF 50,000.0 2,455.0
Carbonyl TH 50,000.0 39.9 8,980.0
IRN 8 0.097 3,710.0 122.0
After Maisture Resistance Test
Carbonyl C 13.75 0.105
Carhonyl E 50,000.0 54.5 50,000.0
Carbonyl SF 1,615.0 50,000.0
Carbonyl TH " 50,000.0 50,000.0 37,300.0
IRN 8 2.0 0.571 50,000.0

Fig. 5: Permanent Q change of similar powder core materials produced by different manufacturers
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A few representative results are
given in the following illustrations.
A low permeability material, com-
pounded from magnetite powder and
tested at 0.5 and 1.0 mc is shown in
Fig. 3. It has a very satisfactory sta-
bility up to 240°C, and even after
holding at 300°C it retains about
90% of the original Q.

Fig. 4 contains data on three ma-
terials, all compounded from IRN 8
powder but produced by three dif-
ferent manufacturers. These materi-
als are also of the low permeability
variety and their stability is satisfac-
tory up to the highest temperature.

Fig. 5, however, tells a different
story. It gives the results of six ma-
terials made by two manufacturers
from the three carbonyl iron powder
grades C, E, and TH. It is clearly
evident that the retained Q wvalues
are not so much determined by the
raw materials used but by the dif-
ferent production methods of the two
manufacturers. In the materials
made by manufacturer A (fop row),
the Q begins to change after the first
aging treatment at 80°C, but remains
fairly constant during the subsequent
treatments up to 300°C, with final @
values of 60% or better of the as
received value. The same raw ma-
terials as processed by manufacturer
B (bottom row) show only slight
effects of the heat treatments up to
120, 160, and 200°C for the C, E, and
TH powder respectively, but their @
values break down abruptly above
these limits.

Values Smmmarized

Fig. 6 summarizes the @ wvalues
obtained after the final 300°C treat-
ment, but plotted here versus fre-
quency. The three IRN 8 materials
represented by the dash-dotted lines
between 2 and 5 mc show the best
stability. The Carbonyl C grades
marked by the dotted lines show the
greatest spread, with one staying
above 60%, retaining @ up to at least
1 mc, while the other one drops to
zero at 0.5 mc. Two groups are also
observed in the Carbonyl E grades
represented by the dashed lines, with
one pair of curves dropping to zero
at 10 mc, while another pair remains
above 809% at that frequency. The
Carbonyl TH grades shown by the
solid lines split also into two groups,
however the difference is not as
spectacular as with the other ma-
terials. '

The effective permeability of the
slugs proved to be much more stable
than the @ values, with maximum
changes observed in the order of
10%.

Spectacular changes occurred,

(Continued on page 100)
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Uninterrupted Power for Microwaves

By LEO G. SANDS,

President
Bogue Railway Egquipment Div.
Bogue Eleciric Manufacturing Co.
52 Iowa Ave., Paterson 3, N. [.

OMMUNICATIONS systems are sub-
G ject to interruption from a num-
ber of causes such as tube and
component failure, equipment, in-
stability, tropospheric disturbances
and failure of the electronic power
source. This article will discuss ways
and means of providing continuous
electrical power for the operation
of cemmunications equipment.

Power failures seldom occur in
metropolitan areas, and therefore a
stand-by power source is not as im-
portant a consideration as it is in
sparsely settled regions. Continuous
avallability of electrical power is of
prime importance in microwave re-
lay systems because every repeater
staticn is a vital link. Most micro-
wave repeater stations are provided
with some sort of stand-by power
equipment to insure operation with
minimum outage time. Telephone
and telegraph carrier repeaters and
teleprinter circuits depend on con-
tinuous power availability for un-
interrupted operation.

The most common source of
stand-by power is the combustion
engine driven alternator which
starts automatically when primary
power fails, and shuts off when reg-
ular power service is restored. The
flow of power is interrupted during
the period of time required for the
engine to start and for the power to
become constant in frequency and
voltage.

Where this interruption of vower
is of great import, stand-by batter-
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Fig. 1: Direct-coupled ac motor, nlternator
and dc¢ motor mounted on tommon hase

ies are sometimes employed. If the
communications equipment requires
ac, a vibrator or.rotary type con-
verter is operated from the dc
source, Failure of primary power
causes the stand-by battery and
converter system to start furnish-
ing power. To avoid even this frag-
ment of time required for the
conversion eqguipment to start func-
tioning, communications equipment
has been designed using large filter

in tandem.

Supply arrangement for relay systems

uses ac motor, alternator and dc motor

Batteries employed as

standby source in case of power failure

capacitors to sustain plate voltages
at a suitable level for a fraction of
a second.

To provide uninterrupted power,
some communications equipments
are powered at all times from bat-
teries which are floated across a
battery charging generator or rec-
tifier. Failure of primary power
source normally used for battery
charging causes a stand-by engine
generator to take over the job of
replenishing the energy in the bat-
teries. Some marine radio systems
utilize motor generator sets to con-

(Continued on page 106)

Fig. 2: During normal conditions, d¢ motor acts as generator. Battery drives de motor In emergency
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Fuse Protection for

Overload and frequency characteristics of fast, medium

Categories employed in military geor indicated. Fuse

Fig. 1: Most popular fuses for electronic applications (r) ond auto radio current-length types (1)

By E. V. SUNDT
President, Littelfuse, Inc.
1865 Miner St., Des Plaines, Il

ORTUNATELY for the fuse

manufacturers, the number and
types of fuses and fuse mountings
required by the electronic industry
has déveloped over the past 25
years in about the same proportion
as that of resistors and capacitors.
In the same way, too, the pressure
from engineers has been to make
fuses smaller and better. The pur-
pose of this paper is to sketch in
outline: (a) standard fuse types, (b)
the reason for such types, and (c)
where they are used in the elec-
tronic industry.

By far, the greater number of
fuses used for electronic compenents
protection are glass enclosed,
although steatite is used for higher
current, 250 v. Underwriters Lab-
oratories approved fuses. The most

popular fuses and their sizes and
maximum ratings as used by the in-
dustry (see Fig. 1) are as follows:
8AG—1x 1Y% in. diameter, max. 15
amps, 125 v.; 3AG—1% x ¥4 in. di-
ameter, max. 6 amps, 250 v. and 20
amps, 32 v.; 3AB—1¥ix ¥ in di-
ameter, max 20 amps, 250 v. and 30
amps, 125 v.; 4AG—1% x %2 in. di-
ameter, max. 40 amps, 32 v.; SAG—
1%5 x 1849 in. diameter, max. 60 amps,
32 v,

It will be of interest to engineers
that there is no logical or rational
relationship between the recog-
nized “AG” designation and the
physical size of the fuse. It grew
over the last 35 years like Topsy,
starting with the automotive in-
dustry. 1AG was the first “Automo-
tive Glass” fuse; 2AG was next, but

is no longer used; 3AG was next,
ete. of interest also is the size-rat-
ing combination now generally used
in the automotive industry and cov-
ered by specifications set up by
SAE. Their principal use in the
electronic industry is for automo-
bile radios.

Fuse Characteristics

Since fuses are the safety valves
of electrical circuits, it is important
they operate or “blow” before dam-
age occurs in the equipment being
protected. On the other hand, they
must not blow too easily and cause
nuisance outages. In other words,
the time current characteristics of
the fuse must conform to the “time-
damage” characteristic of the
equipment. Note Fig. 2. To provide
such protection adequately, three
general time-current characteristics
have evolved in fuses for electronic
equipment over the last 15 years.
They have been designated as: (a)
fast—Hi Speed, (b) medium lag,
and (¢) time-delayed fuses. The
latter are often referred to as Slo-
Blo, Fusetron, etc. See Fig. 3. Such
terms are not scientifically accurate
and it is hoped that more techni-
cally accurate terms may be
evolved over the next 15 years.
Also, the above terms are naturally
relative; for instance, the lag that
would be considered “delayed” in a
Yy ampere fuse would, at the same
degree of overload, be considered
fast or medium lag in a 20 ampere
rating. By the same token, high cur-
rent equipment will normally carry
overloads longer with safety than
will low current equipment.

Fig. 2: {1} Time-curient curves for high speed fuses. Typital designs at right. Fig. 3: (r) Construction and time-overload curves of three types
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Electronic Equipment

and slow blow types explained.

selection for various applications

Before outlining the places vari-
ous types of fuses are used, it might
be well to point out that all fuses
used in 115 and 230 v. lighting lines
are or should be Underwriters’
Laboratories approved. For the
most part, these are the 8AG, 3AG
and 3AB types. It would be more
accurate to say U.L. is concerned
with fuse use and performance
where a fire or shock hazard exists.
Their specifications are contained
in their bulletin entitled ‘“Fuse
Standards.”

In general, U. L. calls for ap-
proved fuses of the above types to
operate as follows:

Carry 110% of rating.

Blow at 135% in one hour.

Blow at 200% in less than 60
seconds.

Carry rated current with less
than 70°C temperature rise.

Electronic gear for the military
services use the 3AG, 3AB, 4AG,
5AG and 8AG almost exclusively.
Specifications for these fuses are
adequately covered by the new
MIL F-15160-A. This- standardiza-

Fig. 4: High speed acilon of platinum filaments
used in low-range instrument fuses illustrated
by wuse as bolometfers. Frequency response of
0.000037 in. diameter platinum filament shown
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tion by the services is most com-
mendable. Previously, each service
had its own stock numbers and of-
ten different drawing and part
numbers. Through standardization,
some 465 fuse items used by the
Services may be reduced to half of
that number.

Fuse Selection

We will now classify circuit pro-
tection applications under the three
general lag characteristics outlined
above: -

Fuast Fuses: Protected by the
category of fast fuses are meters of
both D’Arsonval and thermocouple
types, tube filaments, TV sets and
applications where high speed ac-
tion is essential. The fuse elements
used in these fuses (8AG) are cho-
sen to have the lowest possible
mass; in the finer ratings platinum
is generally used. An interesting
application for one of these fuses
(such as a Y00 amp rating) is as a
bolometer; that is, it is utilized as a
terminal impedance in high fre-
quency cireuits.

Fuses as low as Y600 amp ratings
are available from stock. The fila-
ment in this fuse is only 0.000020 in.
diameter. Such a filament is small
enough to follow the heating and
cooling cycle of frequencies 2,000 to
3,000 cps. The “frequency response’
of a filament of 0.000037 in. diame-
ter is shown in Fig. 4.

Medium Lag: It is estimated that
about 80% of all fuses used by the
eleetronic industry are of the me-
dium lag type. Of these, 75% are
used in the 115 v. primaries of
power supplies of all types. They
are the inexpensive work horses of
the fuse industry, selling from 1¢ to
2¢ each, which accounts for their
being specified so generally instead
of circuit breakers. Some of the
most typical applications are shown
in Fig. 5. Most manufacturers use
zine wire or strip for the elements
of these fuses; usually one-piece
simple affairs. Zinc has many good
qualities for this purpose, but has a
basic weakness in recrystallizing at
temperatures about 200°C. An in-
dustry-sponsored research project
to develop better fuse element ma-
terials would do both customers and

www americanradiohistorv com
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POWER SUPPLY

Fig. 5: Typical applications of inexpensive
medium lag type in sweep ond supply circuits

manufacturers far more good than
the constant struggle to make fuses
as cheap as possible.

It is in the field of medium lag
fuses that the greatest extension of
ampere and voltage ranges (and
therefore wusefulness) has taken
place, over the past 15 years in par-
ticular. While all fuse lines have
been extended in both current and
voltage ratings over this period, the
most actively developed has been
the 3AG and 2AB lines, the growth
of which it will be interesting to
outline.

Frse Pevelopment

In 1933 the 3AG fuses were listed
and approved by Underwriters’
Laboratories up to 3 amps, 250 v. In
response to the requirements of the
electronic industry, this was in-
creased by gradual steps to 8 amps,
250 v. in 1938. At 8 amps, it became
almost impossible to produce glass
enclosed fuses that would not shat-
ter under short circuit at the U. L.
test at 10,000 amps and 250 v, dc. At
that point, bakelite was used (3AB),
but later during World War II years
through the use of steatite fuse
bodies, ratings were extended up to
15 amps. This represents the maxi-
mum U. L. will approve due to clas-
sification reasons, although we can

(Continued on page 96)
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Fig. 1: Tuning, power and antenna changeover
knobs protude from front of the compleied unit

Fig. 2: Rear view shows panel board terminals
for UHF antenna, VHF ontenna and VHF receiver

Fig. 3: UHF tuner removed from converier chas-
sis with all covers and shields remaining in place

Fig. 4: Top view shows preselector [ines with
their respective trimmers, and cascode i-f tube
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Performance and

Continuous tuning from 470 to 890 MC provided

sion line. I-F amplifier with 21 db gain feeds di-

By H. F. RIETH, Chief Enginecer
Kingston Products Corp., 1415 N. Webster St., Kokomo, Ind.

HE UHF TV tuner described

here utilizes tuned line micro-
wave principles. The mechanical
design lends itself to a small basic
package with simplicity of produc-
tion and alignment. The tuner di-
ameter is 4 in. and depth is 3 in. It
is of the “continuous tuning” type
with a dial drive shaft covering the
70 channels from 470 to 8%0 mc in
340° of rotation, allowing the use of
a small direct reading dial scale. In-
cluded in the tuner is one stage of
i-f for any selected frequency,
though normally supplied with a 195
Me i-f.

The first application indicates that
the tuner will be used externally as
a converter for existing VHF sets.
The second application indicates
that the same UHF tuner be con-
veniently installed on the TV chas-
sis proper with the tuner working
into the high VHF channels. Both
of these applications are susceptible
to spurious responses which are ov-
ercome by switching the VHF tuner
to channel 8, 9, 10, 11, or 12, which-
ever is free of undesirable re-
sponses, and adjusting the i-f out-
put trimmer control on the rear of
the tuner accordingly. The third ap-
plication indicates that the UHF
tuner would have a 40 mc i-f out-
put and would couple directly into
a 40 mc i-f amplifier system. In this
case, there will be two preselector
stages used in the UHF tuner, or a
total of three sections. The fourth
application combines the UHF tuner
with a compatible VHF tuner to
form a compact and complete tun-
ing unit.

The complete unit, Fig. 1, has the
following controls on the front: sta-
tion selector, fine tuning, off-on
power and UHF-VHF antenna
change-over switch, The overall di-
mensions of the cabinet are 8.125 x
5.75 x 4.5 in.

The converter rear view of Fig. 2
illustrates panel board connections
for the UHF antenna, VHF antenna,
and input to the VHE receiver. In
cases where sufficient signal is
available and the use of a UHF an-
tenna is not required, it is necessary

www americanradiohistorv com

to place a short section of 300 ohm
line between the UHF antenna and
VHFE antenna terminals. The i-f
output trimmer adjustment for se-
lecting the desired VHF channel
and matching the output of the con-
verter to the input of the VHF set
is shown by the arrow.

Fig. 3 is a view of the UHF tuner
removed from the chassis with all
covers and shields in place.

Fig. 4 is a top view of the UHF
tuner with the shields removed.
Shown in this view are the prese-
lector lines and the slider with their
respective trimmers in place. Back
of the line is the antenna coupling
loop. Also shown is a portion of the
cascode i-f amplifier tube.

Fig. 5, a bottom view of the UHF
tuner with the shields removed,
shows the trimmers, oscillator lines
and tube. The shorting sliders are
attached to a bakelite ring which is
driven by means of a dial cord.

Drive Mechanism

One of the most important con-
siderations of a UHF tuner is the
drive mechanism. The drive mecha-
nism must simultaneously tune two
or more circuits. All shielding is
completely silver-plated over cop-
per. The cost of the drive must also
be considered and should represent
a small part of the total cost of the
unit. An anti-backlash drive and
speed reduction is simultaneously
obtained by the use of a spring
loaded dial cord around a molded
bakelite ring to which the preselec-
tor and oscillator sliders are
attached.

The line was shaped in a radius
in order to gain compactness, as
well as to simplify the slider and
tuner drive mechanism. Tuning is
accomplished by using silver-plated
sliders having zero backlash. The
sliders are noiseless during opera-
tion as well as operation after a long
storage period of inactivity. These
tests were performed on separate
sound as well as intercarrier receiv-
ers. Fig. 6 is the circuit schematic.

The overall r-f circuit of the con-
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- Design of a Compact UHF Tuner

by a shorted transmis-

rectly into VHF receiver

verter consists of a stationary bal-
anced transmission line type an-
tenna coupling leop, a tunable pre-
selector transmission line, and crys-
tal mixer. The transmission line
type of antenna loop is mutually
coupled to a preselector line and
this coupling is employed to correct
the small variation of preselector @
with frequency to obtain a near
constant loaded bandwidth. This is
achieved by physically locating the
loop closer to the preselector line at
the high frequency end of the range.
The oscillator and preselector lines
are made of 0.25 in. wide curved
parallel strips of silver-plated brass.
Tuning by means of a parallel line
of adjustable electrical length al-
lows a large frequency range, sim-
plicity of tuning, uniformity of tun-
ing law which facilitates tracking,
economy, and flexibility of design.

Due to the fact that the antenna
coupling loop and the crystal mixer
are placed at opposite ends of the
transmission line, direct coupling
between the antenna and mixer cir-
cuits allows the adjustment of input
and output coupling to be essen-
tially independent of each other.
Making the output loaded band-
width slightly greater at the higher
frequencies compensates for the
lower @’s obtained at these higher
frequencies for a completely un-
loaded line.

Tracking is Simplified

The tracking problem is simplified
by the employment of two trimmer
capacitors on the preselector lines.
One trimmer capacitor is used for
setting the high frequency end and
another trimmer condenser is used
for setting the low frequency end of
the range. This arrangement allows
electrical tracking of the oscillator
with the preselector circuits being a
simple and positive alignment oper-
ation, The two trimmer adjustments
are practically independent of each
other. To tune the converter with a
single control, it is necessary that
the preselector circuit tune to a fre-
quency which is higher than the lo-
cal oscillator by a constant fre-
quency difference equal to the VHF
channel which is being used as the
i-I. The preselector tracks the local
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Fig. 5: Bottom view of tuner with shields removed shows ostillator lines, tube and shorting slide

oscillator within a few mc through-
out the band.

The trimmers are a special UHF
balanced type which were devel-
oped especially for this type of
tuner. All through the tuner design
special emphasis has been placed on
the fact that wide tolerances on ma-
terials and methods be incorporated
without loss of tuner efliciency, and

the elimination of engineering spec-

ifications which would place an im-
position on production.

The preselector circuit is based
on a halfwave transmission line de-
veloping an unloaded @ of 600 with
complete absence of dead spots or
spurious responses, and having a
line characteristic impedance of 125
ohms. In covering this frequency
range the line shorting slider has a

(Continued on page 76)

Fig. é: Circuit of UHF tuner. Input and output coupling are independently adjusted
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By W. F. RICHMOND
and B. D. LOVEMAN
Automatic Computations Section
Glenn L. Martin Co.
Baltimore 3, Md.

HE need for adequate verification

of analegue computer solutions is
obvious, but there is some question
as to what is adequate and at the
same time practical.

There are two systems of checking,
complete and by parts. The latter
consists of dividing the problem into
sections and, if continued, finally be-
comes a check of the set-up pro-
cedure. In nearly all problems, how-
ever, these checks must be supple-
mented by a complete check.

Checking may be classed as static
(i.e., time held constant) or dynamic.
Static checking, though useful, is not
complete and we are therefore pri-
marily concerned with dynamic
checking.

Linear systems are checked by two
general methods, transient response
and frequency response. The latter
requires phase and amplitude data
which are often available from sta-
bility analysis. Transient response
may consist of a “zero damping”
check, requiring that a parameter
(such as “gain” in a control system
. analogue) be varied to achieve the
check condition; or periods and
damping may be evaluated, requir-
ing computation of roots. It is cus-
tomary to choose initial conditions
and to analyze the results in order
to provide a good check on each of
the roots. There are cases, however,
in which the effects of certain roots
are difficult to observe accurately. A
simplé example is a fourth order
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these exponential curves.

Checking

Dynamic Substitution Method produces ex-

New approach is applicable to simulation

equation with two negative real roots
and a complex pair with negative
real parts. The transient response is
the sum of a “damped sine” and two
simple “exponential decays.” The re-
sult may be analyzed by measuring
the period and attempting to draw
an “envelope” and “center line” for
the escillations, and then evaluating
But if
either of the real reots is relatively
small, it is so “covered up” by the
oscillations that accurate interpreta-
tion is virtually impossible,

An alternative is to compute the
value of a wvariable for certain se-
lected values of time and compare
the results. Here, too, accuracy of
results is greatly impaired if the
complex exponential is the major
factor in the transient. In higher or-
der equations the difficulties are
much greater. They may be over-
come, however, by a method of
checking which might be called Se-
lected Root Transient Analysis. This
method requires that the differential
equations be solved, and that initial
conditions be computed to result in a
value of zero for all coefficients of
the exponentials in the solution, ex-
cepting the one (or complex pair) to
be observed. Thus the modes or roots
may be analyzed separately and with
no more difficulty than for a first or
second order differential equation.

Checking Non-Linear Systems

Checking of non-linear systems
has in the past consisted almost en-
tirely of checking by parts, usually
inadequate, or of step-by-step solu-
tion, often long and costly. As a re-
sult some work has recently been
done in developing better methods.
The substitution method has been
used, but in its usual form does not
check integrations. This has been
combined with numerical integration
(permitting larger steps than inde-
pendent digital solution) but the re-
sultant accumulative error is not
easily evaluated.

A method we have called Dynamic
Substitution has given excellent re-
sults with great economy of digital
equipment and time, as compared
with step-by-step checking. It con-
sists essentially of a substitution
check repeated at intervals suffi-

www americanradiohistorv com

ciently close for checking of integra-
tions by differentiation, and statis-
tical evaluation of errors. This
method has a very important advan-
tage in being easily applicable to
simulation problems using actual
equipment in connection with a com-
puter. It may be used for part of a
system and therefore applies in
cases where checking by parts is ad-
equate. Finally, if errors exist, they
can be easily located.

Selected Root Transient
Response Cheek

This technique is based upon the
classical method of solving ordinary
linear differential equations, Con-
sider a force-free set of such equa-
tions expressed in operational nota-
tion as

AX=0 (1)
where A is a matrix with n rows and
n columns and each term of the
matrix is a function of the differen-
tial operator, s, and X is a column
vector in the n unknowns x, ..., x,.
The classical solution for eguation
(1) is

X =Zeht (2)
where Z is a matrix with n rows and
m columns and et is a column
vector corresponding to the m roots
(A, ..., An) obtained by setting the
maftrix A equal to zero and solving
the characteristic equation of the
system. The matrix Z is determined
by the initial conditions imposed
upon the system. Since the system is
linear, its response to each charac-
teristic root may be considered sep-
arately and then the superposition
principle may be applied to obtain
the final result.

Assume that a solution X corre-
sponding to the rcot A, (ie x,=z,
eM', . x,=z..eM") is substituted
into equation (1). Then in the matrix
A, the operator s will be replaced by
Ay (call this matrix A,) and the vec-
tor X will be replaced by the column
vector Z,(z,, ..., z,,}. Hence equa-
tion (1) becomes

AZ,=0. (3)
Since A, is a root of the matrix A,
this homogeneous system will have a
non-trivial solution. Then n—1 of the
variables can be determined in terms
of the remaining coefficient, say z,,.
Note that if z,, is chosen to be zero,
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Analogue Computer Nolutions

cellent results with substantial savings in time and material.

problems using actual equipment in connectionwith acomputer

the column vector Z, will be a null
vector.

The Selected Root method consists
of setting all the coefficients Z equal
to zero except the column vector of
the desired root. Then (n—1) coeffi-
cient ratios are determined from
equation (3) (1. Ziy/Zrq « - -5 Zay/Zoy) -
After these ratios are established
appropriate initial conditions are
readily obtained. These initial values
are set into the machine and a tran-
sient response is observed. Since the
coefficients of all other modes are
zero only the desired mode will ap-
pear. The damping and period (for
complex roots) are easily verified.
This procedure is repeated for each
real root and each complex pair,

Simpliiying Calculations

To simplify the calculations, the
coefficient ratios should be de-
termined in terms of the differential
operator s. In control system prob-
lems, the ratios may be selected to
correspond to previously determined
transfer functions. Then s is replaced
by the root that corresponds to the
mode that is being checked. A com-
plex root will, in general, yield a
complex coefficient. Moreover, the
conjugate root will yield a conjugate
coefficient. Hence only one of the
pair needs to be substituted into the
ratios.

Figs. 1a,b show the block diagram
and equations for a simple control
system. As shown, this system has
four roots, two real and two com-
plex. The roots were substituted
inte the transfer functions X/Y and
W /Y. From these ratios, three sets
of initial conditions were determined.
The transient response relationship
is derived from the third equa-
tion in Fig. 1b, and does not
represent the X/Y in Fig. 1a.
Fig. 2 shows the response to an ini-
tial W. It is obvious that checking
this response would be quite difficult.
Figs. 3, 4 and 5 show the response
to the calculated initial values. Here
each response shows only one mode.
Note also that different time scales
are used.

In some problems, it is necessary
to check a positive root. This mode
can be checked by removing all ini-
tial conditions and putting the
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Fig. 2: System response 1o an initial W

machine in operation. The initial
conditions for other roots can then
be calculated by the method previ-
ously discussed.

In many problems, a frequency re-
sponse may be available or readily
computed. Then the set-up shown in
Fig. 6 may be used to determine the
frequency response of the simulated
system. Integrators 1 and 2 and In-
verter 15 form a standard oscillator.
As shown, a sine wave at a selected
frequency is fed into the system be-
ing checked and the output is fed
into Amplifier 8. By a suitable choice
of input to Potentiometers 1 and 2
(as indicated by the dotted lines),
the voltage contributed by these po-
tentiometers to the output can be
selected to have a phase shift that
is in any of the four quadrants. The
magnitude of the phase shift is de-
termined by the potentiometer set-
tings and the gains. The initial con-
dition (1.C.} of the integrator is V
volts, and the inputs to Inverters 15

Fig. 4: System response to calculated initial As

Fig. 3: System response to calculated Initial Ay

and 16 are fed into unity gains. .

The most satisfactory way to ob-
tain zero output is first to adjust one
potentiometer and the associated
gain to get a minimum output. Then
the other one is adjusted. This proc-
ess Iis repeated with greater and
greater sensitivity until a null is ob-
tained. In practice only a few min-
utes are necessary to achieve the
desired null.

It should be noted that the set-
tings and gains do not depend upon
the voltage, V. Hence for simple
non-linear systems (those with rate
or position limits), the simulation
may be checked in the linear range
by using a suitably small voltage.
The check is completed by using
large inputs and observing that the
limits function properiy.

Fig. 1c is a Nyquist plot of the
transfer function X/X, obtained by
substituting jw for s. The values for
the frequencies, w, are selected from
a knowledge of the significant fre-

Fig. 5: System response to calculated initial As, 5
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COMPUTER SOLUTIONS

(Continued)

- et
t b>o ~i80 <8 <0
-V cos Wt

0>0 +950<86<270
SYSTEM UNDER TEST

ADJUST
QUTPUT

T0 ZERO

+Vsin Wt

-V COS By ._ =l
Br Lk L8
> wi wpe AX Ax BY

KV sin(Wts 8)

INPUT VARIABLE X AT LEVEL A
QUTPUT VARIABLE Y AT LEVEL 8

1.C. =V

THE QUTPUTS OF ALL INTEGRATORS
AND AMPLIFIERS ARE NEGATIVE WITH

RESPECT TO THE INPUTS.
Ax

By G =_-[qu +] bi]

VOLTAGE FROM PoTs 08 b 1s V[aGa+jbGb]
THIS IS 180° OUT OF PHASE WITR OUTPUT VOLTAGE
OF SYSTEM UNOER TEST, HENGE:
I F 3
kK =75 Va?el+b®cp?
-bGhb
-AGq

& =Tan !

Fig. 6: Set-up vsed to determine frequency response of the simulafed system

quencies of the system. The results
obtained from a frequency response
check are superimposed on this plot.

Pynamie Substitation Check

In the dynamic substitution
method, the problem is run so that
all parameters and the avatlable
derivatives are recorded. The traces
are then read at small time intervals.
This work has been facilitated by
using automatic data analysis equip-
ment. Using a “Telereader,” “Tele-
corder” and IBM reproducer, a
punched card is obtained for each
point. Then the values obtained are
substituted into the original differen-
tial equations. To prevent the accu-
mulation of small errors. integration
rates are checked by differentiating.
Most of the calculations will consist
of algebraic operations or the solu-
tion of simple first order differential
equations. The IBM 604 Electronic
Calculating Punch is generally ade-
quate for these operations. However,
if a Card Programmed Calculator
(CPC) is available it can be used to
effect an appreciable saving in time.

Substitution in the original equa-
tions should, theoretically, yield
identities, However. there will of
course be errors. If there are no
mistakes, the principal source of
errors is in converting from REAC
voltages to trace deflections. For ex-
ample, assume that the equation for
a high speed servo is

x=100 (x; — x) 4)
where the variables are expressed
in terms of trace deflection (in divi-
sions). Then an error expression for
this equation would be

e=x —100 {x;, — x) (5)
If the error in reading x is —0.1
division and the error in (x; — x) is

a6

+0.1 division then e=—10.1. On
the other hand if the given equation
were

X=x; —X (6)
then e=x — (x, —x) and for the
same reading errors, e = —0.2. Hence,

by themselves, large or small errors
do not indicate if a correct or incor-
rect solution has been obtained
without a detailed analysis of each
calculation.

Assume a variable X is read on a
recorder trace and the true value of
the reading expressed in terms of
trace deflection is X,. but the actual
deflection is Xy -+ 3. Then 3 will be a
chance variable, and it will be as-
sumed that 8 has the following prop-
erties:

1) 3 has a normal distribution

2) The mean of the distribution is

zero and the standard deviation
is g

3) ¢ is dependent of X,, implying

that the recording is linear.

Now consider the simple operation
of summing two variables, e.g., as-
sume the equation is

AX4BY,=0. (7
If the unknowns are read from
recorder traces, then substitution in
equation (7) will yield an error
e=A(X;-F3)+B(Y,+3) (8)
where 8, and 3, are chance variables
(both satisfying the assumptions
given above) corresponding to the
two recordings. From equation (7) it
follows that equation (8) can be re-
duced to e = A%, + B3, (9
Then from nrobability theorv it fol-
lows that e is a chance variable that
has a normal distribution with mean
zero and variance o (A*—4+B2), It
should be noted that A and B in-
clude not only given constants but
also voltage level factors and re-
corder gains. Since the latter may
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vary during the run, some analysis
would be needed to ascertain the
correctness of a given solution.
Hence, by itself, this calculation is
not very satisfactory.

However, if the error, e, is divided
by the standard deviation of the dis-
tribution n = o\/A? + B2, then

E=e/q. (10)
This new chance variable E will have
a normal distribution with mean zero
and variance one. Because the va-
riance will always be one, this
chance variable E may be called a
normalized chance variable and n
will be called the normalizing factor.

Therefore in checking a given
equation, the function E is calculated
for each point that is read from the
traces. Let the number of points
considered be n; then there will
be nvalues of E (E,, .. .,E.,...,E).
These values are a sample from a
normal distribution. If the sample is
large enough, it will exhibit the same
properties as the distribution. Conse-
quently, it will have a mean that is
close to zero, a standard deviation of
approximatelv cne; about 86% of the
values E,. will be between =1, and
about 95% will be between =2, The
primary criterion that is used to de-
termine if the solution is correct is

n
mean of the sample. m = {Z E:I /n
If the magnitude of the mean |m)|
exceeds a specified value, m,, the so-
lution will be considered to be in
error.

Prelimninary Measurements

Obviously it is desirable to choose
o and m, as small as possible for this
means that smaller errors will be
detected. Preliminary measurements
on the Brush 6-Channel Recorder
indicate that o lies between 0.1 and
0.2 divisions and m, should be about
0.1. Furthermore it appears that
errors as low as or less than 5%
can readily be detected.

Next, three types of equations will
be considered. It should be remem-
bered that variables will always be
expressed in terms of trace deflec-
tion. First this method will be ap-
plied to twe equations that were
previously used. For equation (4),
if =01 then » = 14.1 and (for the
specified errors) E = 0.72. In equation
{6), n=20.17 and the reading errors
yvield E=1.2 Thus clearly this
method properly identifies the cor-
rect solution. Second, consider the
problem of checking an integration
constant. Let the equation be

x=A_f'ydt (12)
where the unknowns are exoressed
in terms of recorder trace deflection.
In many problems, especially those

(Continued on page 86)
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Mobile Radio Looks to UHF

FCC-authorized transmitters now top one-~third million

mark. Future expansion in 450—470 MC boand expected

By ROBERT E. TALL

Associate Editor, Mobile-Safety Radio Reports, Telecommunication Reports
1208-1216 National Press Building, Washington 4, D. C.

TILL racked by growing pains
but conscious of the tremendous
role for which it is destined, mobile
radio—already a multi-million dol-
lar investment—is swiftly blanket-
ing the U. §. with an ever growing
myriad of whip-lash antennas.
Demand for this rapid communi-
cation facility has, from a relatively
slow beginning in the 1930’s ex-
ploded throughout the country, as
shown in the growth curve of Fig. 1.
The supply of the newest types of
equipment for mobile radio systems
just barely keeps pace with the
mushrooming demand. Today there
are more than a third of a million
radio transmitters authorized by the
FCC for use by public safety, indus-
trial and land transportation organi-
zations—more than 70 times as many
as are being used in the broadcasting
industry.

Public Safety Field Leads

Actually the field is expanding so
rapidly that statisticians are at a
loss to keep a running account of
the number of transmitters now in
use in mobile radio networks, but
in one of the latest summaries, Col.
Edwin L. White, Chief of the FCC’s
Safety & Special Radio Services
Bureau, which regulates the field,
stated that the public safety field
alone, which is perhaps one of the
best known of the non-broadcast
services, comprises more than 10,000
separate radio systems., The most
extensive radio user group in the
public safety fleld, the police radio
service, has over 6900 communica-
tions systems involving between
50,000 and 60,000 transmitter and re-
celver units.

An even more striking example is
in the taxicab industry, where the
service:has grown from a single base
station and two mobile installations
in 1946 tg more than 3000 base sta-
tions and well over 63,000" mobile
installations at the end of 1851,

In the public safety services, in
addition to the systems devoted to
police operations, there are almost
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4000 other mobile radio networks
authorized in the far-flung opera-
tions of conservation departments,
state and local highway systems, fire
departments and protection services.
Although ne actual count is being
kept on the number of transmitters
making up each of these systems,
the Commission’s annual report for
1951 estimated that with far fewer
networks in operation than there are
today, there were more than 80,000
individual radio transmitters auth-
orized in this single field at the end
of the latest fiscal year.

Industrial Stations

At the same time, there were
eight classes of industrial stations
with 8500 authorizations involving
the use of 6500 fixed transmitters
and 64,000 associated mobile units,
and almost 5000 authorizations in
the land transportation services,
with approximately 3700 fixed trans-
mitters and 75,000 associated mobile
units.

The controlling factor in the num-
ber of radio systems that can be ac-
commodated in any one territory is
the radio f{frequency spectrum,
which is swiftly becoming congested
in the U. 8. Painstaking care must
be exercised in the licensing of each
new network to insure that the new
system will not interfere with
established facilities. With limited
congressional appropriations, over-
burdened FCC staff members, un-
able to cope with the avalanche of
incoming applications for new,
modified or additional radio facili-
ties under present licensing pro-
cedures, have reported that at the
beginning of June, there was a back-
log of more than 10,000 requests
awaiting disposition.

To take some of the load from the
Commission, national organizations
have sprung up among the various
industry groups to coordinate the
use of radio in the best interests of
each industry. Personal company in-
terests are being sacrificed gen-
erously to insure that each potential
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Fig. 1 Growth of mobile radio in U, §.

radio user is given a fair oppor-
tunity to make use of radio. Repre-
sentative of the groups putting
forth much of the time, talent and
money are: American Petroleum
Inst.; National Committee for Utili-
ties Radio; Assoc. Police Communi-
cations Officers; International Mu-
nicipal Signal Assoc.; American
Taxicab Assoc.; Assoc. of American
Railroads; National Assoc. of State
Highway Officials; National Rural
Electric Cooperatives Assoc.; and
IRE. Working closely with these
vganizations are other groups in
the aviation and marine fields:
Radio Technical Commission for
Aercnauties; and National Assoc. of
State Aviation Officials.

In addition, many of the larger
radio equipment manufacturers -are
contributing extensively to the gen-
eral knowledge by freely sharing
the results of their research and de-
velopment activities with the equip-
ment users.

Present Bauds Crowdesd

With the crowding of presently
used frequency bands for mobile
services, particularly the 25-50 mc
and 152-162 mc bands, the industry
has been alert to the possibility of
extending mobile radio operation to
higher frequency regions. Also,
technical advances in equipment
design are making it possible for
radio systems to operate with less
frequency space between them.

One of the nation’s outstanding
authorities on mobile radio, Dr.

(Continued on page 82)
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Fig. 1: Principal steps in resistor construction includes deposition of boron-carbon film, application of
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By GEORGE KENDE, International Resistance Co., Philadelphia, Pa.

ORONCARBON resistors are a

modified form of the general
class of pyrolytic carbon resistors,
more commonly referred to as de-
posited carbon resistors. Deposited
carbon resistors were first produced
commercially in Europe, principally
Germany, beginning approximately
1928. Their production and applica-
tion in this country proceeded at a
relatively slow pace until the begin-
ning of World War II when military
requirements for stable non-wire-
wound resistors, possessing stability
characteristics better than those of
composition resistors, became mani-
fest. Considerable research and de-
velopment work to meet this need
was carried on by the Bell Telephone
Labs., resulting in improved knowl-
edge regarding the process and im-
proved manufacturing techniques.
Development of the electronic art
and electronic applications during
the period 1946 to 1951 in the field
of military and commercial instru-
mentation, and the consequent de-
mand for resistors meeting more
exacting standards of stability and

overall performance, further stimu- -

lated manufacturer and consumer
interest in deposited carbon resistors,
resulting in a growth of production
facilities. However, for certain appli-
cations the relatively high tempera-
ture coefficient (high when compared
to most wirewound types) proved
a deterrent to more widespread use.

At the National Electronics Con-
ference in Chicago, Sept. 27, 1850,
Bell Labs. announced that the co-
deposition of carbon and boron re-
sults in a material réduction in
temperature coefficient to the point

a8

where such composite boroncarbon
resistors have temperature coeffi-
cients comparable to many wire-
wound types.

It is of historical interest to note
that the action of boron on carbon
was investigated at the laboratories
of the General Electric Co., Lynn,
Mass., during the period 1809 to 1912.
Reference is made in these early
studies to “b